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Summary

“Once a landscape has been established, its origins are repressed from memory. It

takes on the appearance of an ‘object’ which has been there, outside us, from the
»

start.

Karatani Kojin (1993), Origins of Japanese Literature

The Sacramento—San Joaquin Delta is the hub of California’s water
supply system and the home of numerous native fish species, five of which
already are listed as threatened or endangered. The recent rapid decline
of populations of many of these fish species has been followed by court
rulings restricting water exports from the Delta, focusing public and
political attention on one of California’s most important and iconic water
controversies.

In our previous report, Envisioning Futures for the Sacramento—San
Joaquin Delta, we explored the alternatives available for the long-term
management of this multifaceted resource. We concluded that change is
inevitable for the Delta and that retaining the current policy of exporting
large amounts of water through pumps in the southern Delta was both
risky and unsustainable. We examined nine long-term strategies for
managing the Delta from the perspectives of environmental, economic, and
water supply performance.

In this report, we continue the theme of analyzing how the Delta will
change in the future and how California can respond to expected changes
to meet state economic and environmental objectives. We focus on a
central question for long-term Delta policy: Which water management
strategies best meet the goals of environmental sustainability and water
supply reliability? Many other decisions concerning California’s water
management, the Delta aquatic environment, and Delta land use depend
on the answer to this question. We provide an integrated analysis of these
issues in a series of technical appendices and summarize the results and
their policy implications in this report. These analyses allow us to arrive
at some firm conclusions regarding the desirability of various long-term
alternatives for the Delta from a scientific and technical perspective.
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Managing the Inevitable

Although the Delta is the focus of growing controversies regarding fish
and water supplies, it is also being subjected to major physical forces that
are at odds with current Delta policy. These physical forces are sea level
rise, land subsidence, changing runoff patterns, and earthquakes.

The Delta is a product of sea level rise over the last 12,000 years. At
the end of the last Ice Age, the current Delta was only a confluence of
rivers flowing to a delta outside the area where the Golden Gate Bridge is
now located. As the sea level rose, the Delta began to form as higher tides
began to flood the area of confluence about 6,000 years ago. Continuing
sea level rise can be seen in the last century of tidal records worldwide and
for San Francisco. With climate warming, sea levels and Delta water levels
are expected to increase by one to three feet, perhaps more, over the coming
century. Without large investments to raise Delta levees, this rise in sea
level will cause many levees to fail, pushing seawater into the Delta. Even if
the levees could be sustained, sea level rise will increase the salinity of Delta
waters.

Land subsidence—or the sinking of Delta islands—began when the
marshlands were first diked and drained in the late 1800s, and it continues
today as the peat soils oxidize and erode. Most islands are below sea
level, many by more than 20 feet. Subsidence increases seepage into the
islands, raises the likelihood of levee failures, and increases the costs and
consequences of catastrophic island flooding.

California’s runoff patterns are changing. Over the last 50 years,
there has been a shift toward less snow and more rain in the Sierra Nevada
mountains. These shifts—probably associated with climate warming—
have increased winter inflows to the Delta. Climate models indicate that
this trend will continue, with even larger and more frequent floods in
the future. The increases in winter flood flows also will increase island
flooding.

Earthquakes are probably the greatest unavoidable threat to today’s
Delta. Several authoritative investigators have concluded that a major
earthquake, such as the 1906 San Francisco earthquake, will likely cause
the failure of many Delta islands simultaneously, with a two-in-three
chance of such an earthquake occurring within the next 30 years. Such
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failures would directly threaten water supplies and would affect thousands
of roads, bridges, homes, and businesses at the same time. The water supply
costs of such an event are estimated to be in the tens of billions of dollars.
The likelihood and costs of earthquake-related failures increase significantly
with sea level rise and land subsidence.

The Delta also faces a powerful biological driver of change—the
invasion of aquatic and terrestrial species from all over the world. Today,
nonnative species dominate the Delta, threatening the survival of remaining
native species, changing the way the ecosystem functions, and making
the ecosystem and the services it provides less predictable. Unfortunately,
new species continue to arrive at a high rate, adding a new wild card to the
management deck every time one becomes established.

These factors alone are sufficient to conclude that the Delta of the
future will be very different from the Delta of today and the Delta of the
past, regardless of what management and policy actions are taken and what
happens to California’s environment and economy. Californians cannot
go back to the Delta that existed before its marshy tracts were diked and
drained; it would require 3.4 billion cubic yards of material to fill subsided
islands alone. Nor is it possible to return to the agricultural Delta of the
early 20th century; the levee upgrade costs are too great, and salinity will
intrude farther into Delta waters even with higher levees. This salinity will
decrease the productivity of millions of acres of farmland that depend on
Delta waters and will raise water treatment costs and public health risks for
the two-thirds of Californians who rely on the Delta as a source of drinking
water. Salinity intrusion can be delayed for a time by releasing more fresh
water into the Delta, but it cannot be delayed indefinitely. As these changes
transform Delta water and landscapes, invasive species will continue to alter
the Delta ecosystem.

Even if California could sustain the current Delta against these forces,
would it be in the best interests of the state’s residents and environment
to do so? As found in our earlier report and confirmed by recent events,
the current Delta is performing poorly from almost everyone’s perspective.
Given the potential for catastrophic failure of the system, it is important to
examine strategic alternatives for managing the Delta. Although the Delta
problem is extremely complex, it is unrealistic to seek solutions to all issues



simultaneously. California needs to develop a strategic direction for the
Delta before working out all the details of how to get there.

Water Exports: A Central Issue in the Delta

This report focuses on a central question for Delta policy: how to
manage Delta water supplies and, in particular, water exports. This
question lies at the heart of the wider debates over meeting environmental
and economic goals for the Delta. Export policy decisions will drive
environmental actions and regulations, determine investments in Delta
levees and the ecosystem, and ultimately shape much Delta land use.

In broad terms, there are only four long-term strategies for managing
Delta water exports: (1) continue pumping exports through the Delta
(the current policy), (2) divert water upstream and convey it around the
Delta through a peripheral canal, (3) combine the current through-Delta
pumping strategy with a peripheral canal (so-called “dual conveyance”
or “dual facility”), and (4) end exports altogether. All Delta water export
policies, including those examined in our earlier report, are variants of these
four basic strategies. The use of most other tools available to California’s
water managers to meet water supply needs—including conservation,
groundwater and surface storage, transfers, recycling, and desalination—
depends significantly on this strategic decision.

A wide range of environmental management tools could improve
conditions for the Delta’s threatened aquatic life. Reducing or ending the
use of the southern Delta pumps could prevent fish entrainment and the
altered water flows that harm fish. Increasing the volume of water flowing
into the Delta and rebuilding variability in Delta water flows are two
strategies for creating a more diverse and beneficial aquatic habitat. Ample
opportunities also exist to expand aquatic habitat on the Delta’s fringes and
within the Delta itself, particularly given the likelihood of island flooding.
Methods also are available to improve the design and management of
aquatic habitat and to suppress harmful invasive species. The suitability of
these tools, and their potential performance, will be significantly affected
by the water export strategy employed.

Likewise, many land use, road, rail and other infrastructure decisions
in the Delta will largely depend on the state’s long-term strategy for Delta
water exports. The present strategy of responding to emergencies only
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as they happen puts California in the position of making Delta policy
by default rather than by deliberate consideration of the best long-term
alternatives.

Evaluating Strategic Decisions

Because the strategic decision of how to manage water exports is of
central importance for so many other management decisions, we focus
our analysis on the quantitative comparison and evaluation of the four
approaches to exporting water from the Delta. Decisionmaking for other
related issues seems likely to become easier once the log-jammed decision
on a sustainable long-term Delta export policy is established.

The four alternatives are examined in terms of the two co-equal
objectives for the Delta suggested by the governor’s Delta Vision Blue
Ribbon Task Force: environmental sustainability and water supply
reliability. To represent environmental sustainability, we focus on the
likelihood of sustaining viable populations of desirable fish species,
including native species and others that do well under similar conditions.
We assess water supply performance in terms of statewide economic costs
and benefits.

To facilitate explicit comparisons among export alternatives, we
employ a method known as “decision analysis.” This method allows us to
explicitly consider a range of possible outcomes, account for major risks and
uncertainties, and examine how the water and environmental management
system would likely respond to major failures in these alternatives.

For the economic analysis, many aspects of the water export decision
can be quantified, making it possible to draw clear comparisons among
alternatives. Elements used in the assessment include capital and operating
costs, the costs of water shortages, the costs resulting from an extensive
Delta levee failure, and the costs of repair after an extensive failure. We
also compare alternatives in terms of water quality costs for drinking water
treatment and agricultural production. We estimate ranges of answers to
reflect the uncertainty in these costs.

The viability of fish populations under different water management
alternatives is more difficult to assess. However, California is fortunate
to have many experts on the Delta ecosystem and its fishes, and years
of studies have improved understanding of these issues. We surveyed a
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1. Introduction

“It took me eight days before I could find the entrance of the Sacramento, as it is

]

very deceiving and very easy to pass by. . ..

John Sutter, The Diary of Johann August Sutter, 1838—1839 entry

The Sacramento—San Joaquin Delta is the foremost water management
problem facing California today. The Delta forms part of the largest
estuary on the West Coast, providing a home to roughly 50 species of fish
and close to 300 species of birds, mammals, and reptiles. It also serves as
the major hub of California’s water supply, channeling water from Northern
California’s watersheds to two-thirds of the state’s households and millions
of acres of southern Central Valley farmlands. The Delta’s ecological and
water supply functions are in crisis, with crashing populations of native fish
species and increasing risks of a catastrophic failure of fragile levees—an
event that could severely disrupt the state’s water supply. Because
the current water supply system has changed the Delta ecosystem in
unfavorable ways, water exports also are susceptible to cutbacks to protect
endangered fish species.

The Envisioning Futures Report

In February 2007, we published a report, Envisioning Futures for the
Sacramento—San Joaquin Delra, with the intent of stimulating a wide-
ranging policy discussion about the Delta’s future (Lund et al., 2007). We
concluded that the current system for managing the Delta is unsustainable
from the perspective of the environment and almost all human users of
Delta services. The report explored and compared long-term solutions
for the Delta and identified promising alternatives for managing the
region in a more environmentally and economically sustainable way. The
two types of alternatives we considered most promising included a new
conveyance system for water exports, such as a peripheral canal to move
water around the Delta, and a more variable “opportunistic” export regime,
which would continue to pump water through the Delta but only when it






6. Economics of Changing Water
Supply and Quality

“All models are wrong, but some are useful.”

George E. P. Box (1987), Empirical Model-Building and Response Surfaces

The Delta is a major source of water for urban and agricultural uses
in the Bay Area, the southern Central Valley, Southern California, and
the Delta itself. The recent rise of water markets has more closely linked
water management in upstream and importing regions of the state, and
the evolving natural conditions in the Delta and modifications in export
management policies will cause major changes for water users and managers
throughout California. In this chapter, we estimate the costs of different
approaches to managing Delta exports and outflows from the perspectives
of both water supply and quality. Although there is substantial expertise
and knowledge of these costs at the local and regional levels, this knowledge
has not been well-integrated. We provide an initial attempt to synthesize
these costs from a statewide perspective. Our estimates are not exact, but
they form a reasonable basis for drawing some broad conclusions about the
economic implications of different export alternatives.

Costs of Providing More Water for the Environment

Under the present through-Delta pumping system, water exports from
the Delta raise two major environmental concerns: (a) entrainment of fish
and disruptions of fish movement by the export pumps in the southern
Delta, and (b) the volume and timing of net fresh water outflows from
the Delta to the sea, which affect the location, extent, and variability of
habitats available to various species through the course of their life stages
(Chapter 5). Both issues are affected by the quantities of water exported
from the Delta, as well as by a host of other aspects of internal Delta
water management and water export characteristics, such as location of
exports, operating pattern, and specific design of facilities. Net outflows
from the Delta also are affected by the volume of upstream diversions,
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which are nearly twice as large as volumes exported from within the Delta
(Chapter 3).

For several decades, exports have been regulated in various ways to
protect fish and Delta agriculture and urban uses, most notably with
minimum flow requirements and maximum salinity standards at particular
times of the year. Judge Wanger’s ruling in late 2007 has led to further
restrictions on export pumping to reduce the risk of entrainment of delta
smelt (Chapter 1). Other recent discussions suggest the potential for
additional regulatory actions. In light of fish population declines, both
the Delta Vision Blue Ribbon Task Force (Isenberg et al., 2008) and many
environmental advocates have argued for considering a future with reduced
exports, with export users relying more on local supplies and conservation.
The Task Force also indicated that upstream water users should contribute
by limiting their use of the waters flowing into the Delta.

A major policy question is how the potential reductions in export levels
and upstream diversions would affect individual water users and the wider
economy. Water users have many ways to adjust to cutbacks, each of which
entails some costs. Water users throughout California’s main population
centers and farming regions are tied to an extensive water storage and
conveyance system, including groundwater and surface water storage,
canals, pipelines, pumps, hydropower turbines, and water and wastewater
treatment plants (Figure 6.1). Local supplies can also be expanded through
treatment of wastewater, construction of desalination facilities, and new
conveyance and storage, and water users can also manage their own water
demands (through conservation and rationing) or buy water from others
who have lower-valued water uses. In short, water users have considerable
ability to adapt to changes in how the Delta is operated. Some adaptations
are likely to be more costly than others, presenting higher operating costs
or imposing greater water scarcity (or shortage)—lost profit for farmers and
greater expenses and inconvenience for urban users.

To take into account the many options for adapting to changes in
water availability, it is necessary to use a computer model of the California
water system. Here, we used the CALVIN (California Value Integrated
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[1 Not included in CALVIN model
[] Sacramento Valley and Delta
[ San Joaquin and South Bay
[ Tulare Basin

I Southern California

Surface reservoirs
Groundwater basin centroids
Pumping plants

Power plants

Agricultural demands

Urban demands
— Rivers

== Major aqueducts

mE O 0 <p

NOTE: The figure shows the water system represented in the CALVIN model, discussed in
the text. Areas shown in white have localized water systems, not highly connected to the
statewide system.

Figure 6.1—California’s Statewide Water Supply Network

Network) model of California’s statewide water supply system.! This
model suggests economically promising portfolios of water management

! The CALVIN model has been widely applied to provide insights for a variety of
California water problems (Draper et al., 2003), including climate change with substantial
population increases (Tanaka et al., 2006; Medellin et al., 2008), water markets (Jenkins
et al., 2004), conjunctive use (Pulido-Veldzquez, Jenkins, and Lund, 2004), Hetch Hetchy
dam removal (Null and Lund, 2006), and earlier Delta policy studies (Tanaka et al. 2003;
Lund et al., 2007).
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activities in response to a set of economic, population, climate, policy,

and infrastructure conditions. Because we are interested in assessing how
water users would adapt to long-term changes in Delta policy, we examined
scenarios with population and land use conditions at the middle of this

century (2050). Details of the results appear in Appendix F.
Reducing or Ending Water Exports

Figure 6.2 depicts the statewide costs of water scarcity (or shortages)
from a planned reduction in water export volumes, starting from a 2050
baseline demand of approximately six million acre-feet and declining to
no exports whatsoever. Even at this baseline level, water users experience
some water scarcity costs—on the order of $300 million per year statewide.
Costs of initial cutbacks are relatively small, but they rise significantly for
the agricultural sector once exports are reduced by more than one million
acre-feet. The urban sector begins to experience significant scarcity only
when exports are restricted to less than half their initial volume. Cities
would avoid the full brunt of cutbacks by purchasing water from southern
Central Valley farmers who currently use local inflows and employing
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SOURCE: Appendix F.

Figure 6.2—Annual Average Statewide Scarcity Costs, with Changing Export
Restrictions, 2050
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7. Policy and Regulatory
Challenges

“If a man neglect to strengthen his dike and do not strengthen it, and a break be
made in his dike and the water carry away the farmland, the man in whose dike
the break has been made shall restore the grain which he has damaged.”

The Code of Hammurabi (circa 2250 BCE), translation by Robert Francis Harper (1904)

Introduction

To increase the chances of favorable ecosystem and economic outcomes,
California needs a policymaking environment that enables decisionmakers
to anticipate the changes facing the Delta. This requires effective political
leadership, a sound governance and finance system, and an appropriate set
of regulatory tools.

Given the large number of stakeholders concerned with Delta
outcomes, there is no substitute for higher-level political leadership to help
chart a new course for Delta management and negotiate solutions to some
of the difficult tradeoffs among human users of Delta resources. Mitigation
offers a promising path for resolving some of these tradeoffs while fostering
policies that are in the best overall interests of the state. However, given
long-term limitations on state and federal funding, it is in both state and
local interests for beneficiaries to pay for most Delta actions, rather than
delaying urgent decisions with the distracting notion that state and federal
governments will provide most funding. The State Water Project and many
local water projects provide sound precedents for the principle that water
users should pay for the water infrastructure from which they will benefit.!

Central issues for Delta governance include setting up better oversight
of regional land resources, establishing a reliable funding stream for
ecosystem management, and improving the process for balancing human
water uses with ecosystem needs. The Delta Vision Blue Ribbon Task
Force and the BDCP are each devoting considerable attention to these

1 See Lund et al. (2007), Chapter 9, for a discussion of financing and mitigation
principles for Delta solutions.
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issues, which have also been the subject of legislative proposals (in the
context of Senate Bill 27). Although the issues are complex, there are many
successful resource management models to draw on elsewhere in California,
including regional authorities such as the Coastal Commission and the
Tahoe Regional Planning Authority, state land conservancies such as the
Coastal Conservancy, and joint powers authorities (Aitchison, 2007). For
the thorny question of ensuring stable funding for ecosystem management,
California will need to move beyond the recent model of relying on
periodic injections of state bond funding. A more appropriate—if more
politically difficule—solution is to charge an ecosystem fee for all water
diverted from the Delta.? Tapping into the windfall savings in water
quality would be a natural source of funds if a peripheral canal or dual
facility were adopted (Chapter 6).

One key governance issue brings California into new territory: how
to provide adequate environmental and political safeguards in the event
that a peripheral canal or dual conveyance system is built. There are also
questions about whether the current regulatory framework is compatible
with the changes coming in the Delta, either as a result of human actions
(such as a peripheral canal) or of natural forces (notably, climate change).
First, does the current federal and state system for managing Delta water
quality allow for anticipatory, versus reactive, interventions? Second—as
suggested by the quotation at the beginning of this chapter—what does
the prospect of more Delta levee failures and island flooding mean for
local and state responsibilities to neighboring landowners? Third, how can
upstream diverters become part of a Delta solution? And fourth, how are
Delta solutions that aim to balance ecosystem and economic goals likely to
fare in the face of an increasingly difficult natural environment for desirable
species?

In this chapter, we focus on these four regulatory questions and the
governance issue of providing safeguards for a new Delta.> Our intent is
not to provide the final word on these issues but rather to highlight areas
that will need to be addressed squarely as part of any long-term Delta
solution.

2 See Lund et al. (2007) for a discussion of this issue.

3 Appendix A provides more details on the regulatory issues discussed here.
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the uncertainties and complexities not included explicitly here. But others
are welcome to provide their own estimates (hopefully with technical
justifications) to test these conclusions. The spreadsheet provided with
Appendix ] is designed to allow users to modify the answers to the 16
questions and see how the results change.

Implementation Issues

We find that there is a substantial scientific and technical basis
for making a policy decision on the strategy for water exports from
the Delta. However, a host of major implementation issues remain for
guiding the creation of a new Delta, including Delta island policies;
governance, regulatory, and finance institutions; operations; and ecosystem
management.

Although the physical forces driving the Delta and the economic
analysis presented in Chapter 2 and Appendix B indicate that it will be
uneconomical and ultimately impossible to maintain all Delta levees,
Californians have only begun to discuss which islands should be repaired,
how failed islands should be managed (i.c., converting some islands to
aquatic or terrestrial habitat), and other potential policies for Delta islands.
As noted in Chapter 7, these decisions also raise important legal and
regulatory questions regarding levee policy. A systematic and comparative
examination of Delta island and land use policy is needed from a realistic
long-term perspective, with accompanying policy discussions and decisions.

As discussed in Chapter 7, governing and financing arrangements and
the regulatory regime for water quality, instream flows, and endangered
species management also will need to transition to be suitable for the new
Delta. These new arrangements must be authoritatively defined by the state
and must fit with federal requirements.

Our current report largely avoids detailed discussions of water
operations, because of the short time frame of the study and insufhicient
capability to perform detailed analysis. Systematic study of operational
issues will be needed over an indefinite period, even many years after
any new Delta policies have been implemented, given changing problems
and understanding of the Delta. This will require substantially new and
different types of hydrodynamic, operations, and planning analysis. Many
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months of analysis will be needed to inform discussions of preliminary
operating policies for policy and planning purposes and negotiations.

The design and implementation of ecosystem management activities
is perhaps the most important and difficult area where additional
implementation work is required. For decades, California has neglected
the synthetic scientific thinking and difficult policy discussions required to
develop a sustainable vision of the kind of ecosystem that can and should
be maintained in the Delta. A quantitative analysis capability, which
assesses how water operations mesh with ecological objectives, perhaps
similar to the Sacramento River Ecological Flow Tools decision support
system, might better inform discussions of tradeoffs among water export
and environmental management objectives.

Beyond these general areas, specific, detailed implementation issues
must be resolved over the course of policy, planning, design, construction,
and operations for the new Delta. Table 8.3 highlights the types of
decisions required for a peripheral canal alternative (as detailed in Appendix
G); similar lists could be developed for the other three alternatives
examined in this report. These issues all require an ability to make and
implement policy decisions. Most of these decisions would be aided
considerably with additional scientific and technical information, which
still needs to be developed or assembled from previous studies. The Delta’s
transition will bring Californians into unfamiliar territory, where intuition
and an understanding based on how things have operated in the past will
become less-reliable predictors. Only scientific and technical analysis can
help guide the way through this new landscape.

The Timing of Delta Decisions and Consequences

Another aspect of Delta decisionmaking that we have not considered
in detail is timing—for instance, how one might phase in a new export
management regime. To provide some insight on this issue, Figure 8.3
presents a conceptual view of how export alternatives may perform over
time and the choices California will face. Water exports are currently
declining from historical high levels as a result of court rulings regarding
endangered species. Additional species listings are likely to cause further
export reductions in the near term. The accumulating effects of land
subsidence, sea level rise, worsening floods, and earthquakes will make
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Table 8.3
Design and Operations Options for a Peripheral Canal

Infrastructure design Operation policies

Upstream intake locations Operating strategy

Additional intake locations Constrained delivery policies

Outlet locations Monitoring

Total flow capacity

Fish screening Delta land and water management

Sedimentation basin Aquatic and terrestrial habitat

Booster pumping Flood management

Right-of-way Levees

Channel elevations and lining Agriculture

Stream channel crossing Recreation

Associated operational water storage

Associated recreational facilities Governance, regulation, and finance
Ownership

Major adjustments and mitigations Governance authority

Delta farmers Regulatory oversight

Contra Costa Water District Finance and repayment

North Bay Aqueduct Terrestrial and aquatic habitat

Delta towns management

Recreation

Environment

SOURCE: Appendix G.

continuation of through-Delta pumping less reliable and more costly over
time but will leave peripheral canal exports relatively unaffected. However,
it will take some time before a peripheral canal can be constructed. How
well a dual conveyance alternative ultimately performs will depend on the
size of the canal component. If the canal is sufficiently large, it can take an
increasing share of exports as through-Delta pumping becomes less viable.
As Figure 8.3 highlights, the ability of each alternative to support fish
populations also significantly affects its ability to support exports.

Conclusions

We developed a formal decision analysis tool, in the form of a
spreadsheet, to examine long-term strategies concerning water exports
from the Delta. The options examined include (a) pumping water through
the Delta (the current policy), (b) taking water exports around the Delta
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Figure 8.3—Delta Export Transitions over Time

through a peripheral canal, (c) combining through-Delta pumping and

a peripheral canal (dual conveyance), or (d) ending Delta water exports
altogether. The analysis considers two main criteria for performance,
consistent with the Delta Vision Blue Ribbon Task Force’s identification of
two co-equal objectives for the Delta: ecosystem revitalization and water
supply. We measure ecosystem revitalization by the yardstick of viability
of two desirable Delta fish populations and water supply by the yardstick
of economic costs of water supply and quality. We focus on outcomes for
the middle of this century. This is a sufficiently long horizon to incorporate
the effects of natural forces acting on the Delta, such as sea level rise, and
yet close enough in time to be relevant to today’s decisions about major
infrastructure investments.

Our results suggest that continued use of through-Delta pumping is
risky from both economic and environmental perspectives and is unlikely
to be the best strategy from a statewide economic perspective or from the
perspective of improving the viability of desired fish species. After an
extensive set of levee failures in the Delta, it will be less costly to replace
through-Delta pumping with a peripheral canal than to rebuild the

113



through-Delta system. Building a canal sooner, before an extensive levee
failure, is less costly to the economy. A proactive policy may avoid the
high costs of an abrupt interruption of water supplies and might provide
significant water quality savings and public health benefits. A peripheral
canal also is likely to be better for a variety of desirable fish species. A dual
conveyance alternative has similar prospects for Delta fish, at potentially
higher costs.

Ending Delta exports entirely is the most favorable strategy for
maintaining the viability of desirable fish populations. However, it
comes with the greatest statewide economic costs and would deprive
environmental management in the Delta of a potential revenue source.

The hundreds of millions of dollars of lower average annual costs from
the peripheral canal and dual conveyance strategies provide a statewide
resource for environmental investments in the Delta. Redirecting some of
this economic gain to habitat acquisition and other improvements for fish
species might improve the viability of fish in these alternatives. Reducing
exports at times might have a similar function, at a higher economic cost.
To succeed in meeting economic and environmental goals, California will
need a more coherent program of operational management for the new
export facilities, strongly coordinated with habitat management, than has
been present in export management programs to date.
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9. Conclusions and
Recommendations

“The secret of getting ahead is getting started. The secret of getting started is
breaking your complex, overwhelming tasks into small manageable tasks, and then
starting on the first one.”

Mark Twain (1835-1910)

Conclusions

In this report, we have focused on how California’s options for making
sound long-term management decisions for the Delta will be affected by
climate change and other factors. Here, we summarize our conclusions
regarding the Delta’s changing landscape, the potential for and challenges
of improving the Delta’s ecosystem, the alternatives for managing water
exports from the Delta, and the regulatory challenges for the Delta of the
future.

The Changing Delta Landscape

Fundamental changes are inevitable for the Delta. “Restoring the
Delta” is an unrealistic and perhaps meaningless notion given the historical
changes that have occurred in the Delta and the immutable forces that will
operate on it for decades to come.

1. Sealevel rise, earthquakes, continued land subsidence, and higher
winter flood flows will increase the frequency of Delta island
failures and the costs of preventing and recovering from failures.
Under today’s risk conditions, more than half of the Delta’s islands
have a 90 percent chance of failing some time in the next 50 years.
These drivers of change, including sea level rise of approximately
one foot by 2050 and three feet by 2100 and escalating threat of
earthquakes, significantly increase this likelihood of failure over
time. These risk factors are considerably higher than those reported in
Envisioning Futures.
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Maintaining all Delta islands is not cost-effective. Reducing the
frequency of island flooding in the Delta would cost many billions

of dollars. From a water supply perspective, only the western Delta
islands might be essential for keeping salinity away from export
pumps in the southern Delta (before significant sea level rise brings
salinity farther into the Delta in any event). Continued investment

in some islands can be supported by the economic value of on-island
activities and infrastructure such as roads and rail lines. But for 10 to
20 significant Delta islands, there is no compelling economic basis for
state investments in levee upgrades or in repairing and restoring the
islands after failure.

The Delta of the future will be different. Given the magnitude of
projected change during this century, it is unreasonable to assume that
the current levee network will be maintained indefinitely at increasing
costs and diminishing benefit. These costs, coupled with increasing
risk factors, ensure that the Delta landscape of the future will be
significantly different from the Delta of the past. Within the next 50
years, the Delta very likely will contain large areas of open water left
after islands have flooded.

California is unprepared for the changes that will occur in

the Delta. The institutions, regulations, infrastructure, and
expectations for the Delta are built around maintaining the Delta in
an unsustainable and deteriorating condition. It is time to prepare for
a very different Delta, with a different ecosystem and different water
supply and land use capabilities. With timely, purposeful action, there
is some choice in what the Delta will become.

Fish and the Delta Ecosystem

Promising opportunities lie ahead for improving conditions for

desirable fish and wildlife in the Delta. For fish, there is bound to be

improvement in aquatic habitat as more is created by island flooding.

Changes in water operations and habitat management can improve

conditions not only for fish but also for other wildlife, especially

waterfowl.
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Large-scale flooding of Delta islands is likely to create more
favorable conditions for fish. In recent years the Delta ecosystem
has shifted to a less-suitable state for desirable fish species. Future
island flooding will significantly alter the Delta landscape, creating
habitat that is likely to be no worse and potentially better habitat

for most desirable fish. Besides expanding the extent and volume

of aquatic habitat in the Delta, large-scale flooding will greatly alter
water movement through the Delta. The suitability of the new open-
water habitats for desirable species will depend in part on the responses
of harmful invasive species, including overbite clam and Brazilian
waterweed, to the changed system. A proactive experimental approach
is required to guide the evolution of habitat in these flooded areas,
which will be larger and deeper than the currently flooded islands
(e.g., Franks Tract), and are poor models for the future landscape.
More diverse habitat is fundamental to improving conditions

for desirable fish, and greater variability in Delta water flow and
quality is part of this strategy. In Envisioning Futures, we argued
that changes in Delta water management that allow for greater

spatial and temporal variability in water flows and quality (salinity,
turbidity, etc.) could improve conditions for native fishes while
making conditions less favorable for invasive species. Analysis done in
the past year by ourselves and others reinforces this view. In addition
to increasing the variability in water conditions, actions to benefit
desirable species should include increasing the extent of floodplain and
tidal marsh habitat within the Delta. Major opportunities to create
such diverse habitat conditions exist in the northern Delta (Cache
Slough region), Suisun Marsh, and other areas.

Water export alternatives matter for fish. The current system of
through-Delta pumping is the least desirable alternative from an
environmental perspective. In addition to killing some fish at the
pumps, the present system alters flow patterns within the Delta,
moving desirable species to undesirable habitats. A peripheral canal
could reduce these problems, while allowing Delta waters to be
managed for greater variability. Dual conveyance—combining a
peripheral canal with continued through-Delta pumping—may

offer opportunities to avoid killing fish under some circumstances.
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But overall, dual conveyance is not likely to be better for fish than a
peripheral canal operated on its own. Eliminating exports entirely is
the most promising alternative for key species, including delta smelt,
longfin smelt, and the four runs of Chinook salmon. However,
careful management of water exports with a peripheral canal or

dual conveyance—with substantial complementary ecosystem
investments—can significantly improve the compatibility of continued
exports with rebuilding viable populations of desirable species
Rebuilding large, self-sustaining populations of desirable Delta
fish species will require large and carefully designed ecosystem
investments. No matter which water export option is adopted in

the future, large investments are needed for habitat acquisition,
restoration, and improvement, and for increasing scientific knowledge
to effectively manage desirable species (native fishes and others that
do well under similar conditions). Delaying these investments will
increase their costs, reduce the likelihood of fish population recovery,
and increase the chance of water export reductions.

Some species in the Delta are likely to be sustained only with
heroic efforts. The prospects for some Delta species are not good,
even if society does everything possible to help them, as fast as
possible. For example, delta smelt's very survival is threatened

by rising water temperatures (from climate change) on top of all

the other factors. The Delta is also likely to continue to be a poor
environment for juvenile Chinook salmon under most likely scenarios,
increasing the difficulty of saving the listed spring and winter runs of
Chinook salmon and of sustaining commercial salmon fisheries. The
potential for losing some species over the next 50 years poses great
environmental, legal, and regulatory challenges.

Long-Term Water Export Alternatives

For water exports, time favors a peripheral canal and is unfavorable

to other alternatives. A peripheral canal is an unavoidable component of

a long-term solution that serves both economic and ecosystem objectives.

Table 9.1 presents a summary comparison of the four alternatives for

water exports in the context of such a transition, with policy decisions and

investments hopefully proceeding in advance of catastrophes.
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10.

Table 9.1

Summary Comparison of Water Export Alternatives

Alternative Performance

Continued through-Delta exports  Increasingly unstable and costly
solution

Dual conveyance Interim solution for transition to
peripheral canal

Peripheral canal Potential to provide both cost-effective
water supply and improved fish viability

No exports Best for fish but most costly to the
economy; ultimate outcome without a
peripheral canal

Sea level rise will make through-Delta pumping increasingly
unattractive and eventually infeasible. Even if the existing levee
network could be maintained through unprecedented investments,
worsening Delta water quality resulting from sea level rise will steadily
reduce the economic value of water exports from within the Delta.
The current costs of Delta salinity are already significant for southern
Central Valley agriculture and urban drinking water treatment. More
saline Delta exports will reduce the viability of agriculture in this
region and increase costs of and health risks from drinking water
from the Delta. Alternatively, higher salinity will impose a direct
water supply cost by requiring higher outflows to repel seawater from
the pumps. With three feet of sea level rise—quite possible by late
in this century—through-Delta pumping may no longer provide a
major source of fresh water without large increases in Delta outflows,
even if the western islands can be kept intact. Even reduced export
alternatives such as the “opportunistic pumping” strategy identified
in Envisioning Futures, which involves taking water from the Delta
only when flows are freshest, will become less frequent, less reliable,
and of poorer quality. Opportunistic pumping also will be limited
by environmental constraints, because the freshest flows (generally
in winter and spring) tend to occur at times when pumping cutbacks
may be necessary to protect desirable fish.
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11. The long-term water export choice is between building a
peripheral canal and ending Delta exports. Given its unreliability,
increasing costs, and environmental risks, continuing to transport
water from Northern California through the Delta to other parts of
the state is not a viable long-term option. So the choice comes down
to diverting exports around the Delta or ending exports and making
do with other supplies in regions currently relying on exports.

Although ending exports would provide significant tangible benefits
(both direct and indirect) for desirable fish, this strategy would be
particularly expensive to the state’s economy. It would also likely
increase the difhiculty of raising the financial resources necessary for
environmental investments in the Delta.

A peripheral canal would provide significant benefits to the regions
relying on exports. In addition to water supply and quality benefits
for urban users, there are potentially important benefits to agriculture
and the environment. Reducing the salinity of water exported for
agriculture might greatly extend the economic life of agriculture
in the southern Central Valley and should eventually provide some
improvement in San Joaquin River salinity. If properly managed, a
canal could significantly improve conditions for desirable Delta fish
relative to the present export system.

Compared with a peripheral canal, dual conveyance does not
offer much added environmental promise, but it can help maintain
water quality for farmers in the southern Delta under modest levels
of sea level rise and will likely be a necessary interim solution. In
the very near term, some investments should continue to maintain
the deteriorating through-Delta system as the transition is made to
either ending exports or building a peripheral canal. The weaker
environmental performance of a peripheral canal compared with
ending exports might be usefully mitigated by employing some of
the economic surplus generated by the canal to enhance ecosystem
investments.

Governance, Regulation, and Finance

A successful Delta solution will require governance, regulatory, and
financial mechanisms and institutions that allow firm decisions to be made
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in a timely way. This institutional framework must include contributions,

involvement, and responsibility of water export users and also should

include upstream diverters (who remove almost twice the amount of Delta

outflows as export users) under a broader statewide authority.

12.

13.

14.

To be viable, a peripheral canal or dual conveyance would require
effective governance, regulatory, and financing mechanisms. By
making it possible to divert water around the Delta, a canal creates
opportunities for environmental and economic benefit, but it also
raises new institutional challenges. One issue is whether to provide
safeguards for the environment and other water users by limiting the
size of the canal or devising an iron-clad governance system. A second
is financing: Even if export users agree to pay for the canal—as they
have indicated they would—funds must be raised for ecosystem
investments and to mitigate harm to Delta farms whose water quality
conditions could deteriorate more quickly with a canal. A third

is whether the regulatory system can be adapted to the new and
changing conditions.

Governance mechanisms can be devised to provide appropriate
safeguards for a peripheral canal. Northern California’s concerns
that a canal would export too much water from the region can be met
by setting long-term maximum export levels, enforced by regulations
and law, surcharge fees, or capacity ownership. Environmental
safeguards for adequate instream flows can be provided by allocating
a share of capacity to the environment, which can be used as needed
or leased to fund restoration efforts. With such safeguards, it should
be possible to build a canal large enough to take advantage of tidal
flows and California’s variable hydrology for both environmental and
economic purposes.

Financing mechanisms are available to cover the range of water
system needs. The precedent of having export users pay for their own
infrastructure costs is well established with the State Water Project,
and this should be extended to any new conveyance facility. Because
export users will benefit directly from more reliable and higher-quality
water, and because exports will continue to cause some environmental
problems, it is appropriate for users of a peripheral canal to pay an eco-
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15.

16.

surcharge on export volumes. Because the water quality cost savings
of a peripheral canal are substantial, it is appropriate to allocate at least
some of these savings to environmental programs. Upstream diverters,
who currently account for nearly two-thirds of all withdrawals from
the Delta watershed, should also be expected to financially support
ecosystem programs. Ecosystem finance would also benefit from the
ability to lease shares of conveyance capacity. Finally, some public
funds may be appropriate to supplement these sources and to help
cover mitigation costs for in-Delta users, although such funds are
unlikely to be plentiful given the long-term financial problems of state
and federal governments.

The regulatory framework is not prepared to oversee the Delta of
the future. Neither the Clean Water Act (1972) nor the Endangered
Species Act (1973) acknowledges the effects of climate change, a

key driver of future Delta conditions. Under the terms of the Clean
Water Act, it may be difficult to take proactive steps to protect Delta
exports from encroaching salinity and to increase habitat variability
by building a peripheral canal, because this may hasten the natural
decline of water quality for some Delta farmers. The Endangered
Species Act could make it difficult to develop a reliable long-term
habitat conservation plan for the Delta, given the risks of extinction
for some species under a changing climate and the difficulty of
disentangling the role of water exports from species decline.

It makes both economic and environmental sense to involve
upstream diverters, as well as users of exports, in sending more
water to the Delta. The reason a no exports alternative is preferable
for Delta fish—in comparison with a peripheral canal—primarily
rests on the assumption, based on considerable research, that reduced
and altered flows into and out of the Delta are harmful to desirable
fish. A direct restriction on exports is preferable to increased Delta
outflow requirements only if the problem is the pumps themselves or
resulting disruptions to fish, not the amount of water flowing out of
the Delta. Reduced upstream diversions have an additional advantage
of providing additional river flows from the point of reduced diversion
all the way to the sea. Although the state has regulatory authority

to impose cutbacks on upstream diverters, this is politically difficult
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because they have more senior water rights. An alternative is to
continue to impose the regulatory burden for higher Delta outflows
on export users, as the more junior rights holders. Because the value
of water use is higher in many export-related activities (including
farming), export users will purchase some lower-value water from
upstream users to meet the higher outflow requirement.

Recommendations

The Delta of the future will be very different, and the costs of inaction
are high. California needs to prepare for this changed future to direct
it more favorably. A central step is to chart a new strategic direction for
Delta water management, because many other decisions about Delta water
and land management hinge on this choice. Planning environmental
investments from the vantage point of a changing Delta, making strategic
decisions about how to manage levee failures, and preparing for the future
through governance and regulatory reforms are also essential.

Charting a Strategic Direction for Water Exports

We recommend a planned transition away from through-Delta
pumping to other export strategies, as summarized in Table 9.1. Continued
through-Delta exports are already essentially unviable for the environment,
and with time will become unviable economically. This transition will
occur over time, with likely episodes of rapid change accompanying
earthquakes, floods, and levee failures. A more expeditious transition
would be less susceptible to natural disruptions. A strategic transition plan
for water exports should have several elements.

1. Adopt a strategy that employs a peripheral canal for long-
term water management in the Delta. Properly implemented, an
interim dual intake, and ultimately a peripheral canal, presents the
best prospects for meeting co-equal long-term environmental and
economic objectives. Although many technical and policy details
need to be worked out before actually building and operating a
canal, not everything needs to be resolved before making a strategic
decision. The key issues that must be resolved in the short term are
the governance mechanism (to provide adequate safeguards for the
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environment and other water users) and the financing scheme (to
protect taxpayers and ensure that environmental costs are covered).
Ensure up-front commitments from export water users to pay

for a peripheral canal. To reduce the burden on statewide financial
obligations and maintain proper financial incentives, export users
should pay for this infrastructure, its operations, and its regulation.
To improve environmental and water supply performance,

seek safeguards on the operation of a peripheral canal through
governance institutions rather than through limits on the physical
capacity of the canal. Since a dual conveyance system can be only
an interim option, the long-run costs of building an artificially small
canal are high. Current efforts to examine a canal alternative should
flesh out ways to provide iron-clad institutional safeguards through
the allocation of shares in conveyance capacity to an environmental
water trust. Safeguards for areas of origin should be provided
through long-term average export limits rather than physical limits
on the canal. Imposing export limits based primarily on physical size
reduces the ability of a peripheral canal to operate flexibly to minimize
environmental harm over tidal and seasonal cycles. Important
physical capacity limits already exist downstream of the Delta.
Require both export water users and upstream diverters to
contribute funds and water to improving the Delta ecosystem.
Export and upstream water users share responsibility for ecosystem
decline in the Delta. With a peripheral canal, export users will receive
large financial gains from improved water quality and a more reliable
water supply, and they should be expected to direct some of these
benefits to the environment. But upstream water users should also
contribute to Delta recovery because their diversions both reduce and
alter freshwater flow patterns available for fish. Upstream water users
also will benefit from improved water marketing opportunities south
of the Delta with a successful peripheral canal. If political realities
require that the regulatory burden remain with export water users,

as the more junior rights holders, the state should facilitate long-term
water marketing arrangements with upstream diverters.
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Preparing for the Changing Delta Ecosystem

California should actively prepare for a changing Delta ecosystem.

This includes planning for sea level rise, climate warming, permanent levee

failures, and new invasive species. A rigidly negotiated plan is unlikely to

succeed and experimentation and detailed modeling studies will be needed

to inform a decision-capable governing framework.

5.

Consider the changing nature of the Delta in ecosystem planning.
Inevitable changes in the Delta include more aquatic habitat, more
variation in salinity both temporally and spatially, likely higher water
temperatures, as well as future invasions of exotic species. Some of
these changes, such as more open-water habitat, may benefit desirable
Delta fish species, whereas others, such as rising temperature and
alien species, pose constraints. To build a sound habitat conservation
planning framework, there is a need to prioritize which ecosystem
attributes should be the goals of management in the future Delta.

Do not manage the Delta for single species. There are many
threatened and potentially threatened native species in the Delta,
including organisms besides fish. Managing for one species alone (e.g.,
delta smelt or Chinook salmon) is neither feasible nor in the long-term
interests of other desirable species. A forward-looking approach to
managing the habitat of multiple species, such as that required by the
Natural Communities Conservation Planning (NCCP) Act, provides
the best potential for developing a durable habitat conservation plan
for the Delta.

Develop an experimental ecosystem restoration program. There

is an urgent need to test ideas and long-standing assumptions about
how the ecosystem functions to enhance or create more favorable and
variable habitat for desirable fish. Particularly promising areas for
experimentation are along the fringes of the Delta, including Suisun
Marsh, the Cache-Slough/Liberty Island region, and Yolo Bypass (see
Appendix D for details):

e Suisun Marsh: Planning should begin immediately to accommodate

the conversion of this area into extensive brackish water habitat as the
result of sea level rise. Areas most likely to be inundated in the near
future should be assessed to determine (1) if levees should be repaired

125


http://www.ppic.org/content/pubs/other/708EHR_appendixD.pdf

and areas resuscitated, (2) the potential for experimental studies

such as artificial levee breaches, and (3) which monitoring studies

are needed. With these findings in hand, a study should begin to
evaluate the effects of inundation on desirable species.

Cache Slough-Liberty Island: A comprehensive plan of action should
be developed and implemented to foster the development of tidal
freshwater habitat that favors such species as delta smelt and Chinook
salmon.

Yolo Bypass: Annual flooding of some additional areas in the Bypass
(along the Tule Canal and Toe Drain) would create more opportune
conditions for salmon rearing and splittail spawning. To this end, a
deep gate should be constructed on the Fremont Weir to allow water
into the Bypass at lower flows of the Sacramento River than currently
occur.

Include flooding Delta islands in ecosystem experimentation.

To learn how to manage future island failures for desirable fish and
other aquatic species, at least one island should be selected to study
the short-term effects of levee breaching and island flooding. Longer-
term studies should document how fish and invertebrate (fish food)
abundance changes over time on the flooded island. The State Water
Resources Control Board and various state and federal fisheries
agencies need to develop a regulatory environment that will allow such
experimental flooding. In addition, a rapid-response team should be
appointed and funded to study the effects of breaches that will occur
naturally.

Address sea level rise and permanently flooded islands in
hydrodynamic modeling. The Delta’s ecosystem and water supplies
are driven significantly by the physical nature of the Delta and how

it changes with tides, sea level rise, and geomorphology (such as
permanent island failures and breaches). New hydrodynamic and
water quality modeling capabilities are needed for managing the
Delta of the future and better preparing for and understanding the
consequences of changes in the Delta’s ecosystem. Greater use of
3-D modeling and translation to faster-running 2-D and 1-D models
will be required. Better representation of the speed of flows and
other water quality characteristics also will be needed. Improved
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understanding of island flooding and sea level rise must be developed
before these events occur; waiting until after field data become
available will be too late for many proactive activities.

Managing Delta Levees and Land Use

California should move away from levees as the primary means of

managing Delta land and water.

10.

11.

12.

Prepare for island failures in the Delta. The traditional response to
island failures is for the state to step in and repair and restore them,
regardless of statewide interests. This policy should be replaced by
one that restores islands only if this is cost-effective from a statewide
perspective and beyond the capabilities of local levee districts. In the
interests of coherent state policy, financial prudence, and managing
landowner expectations, such a determination should be established
before islands fail.

Continue major Delta levee improvements only for those islands
that have a cost-effective statewide interest. These islands will

be those that protect transportation and energy infrastructure or

are important for interim water exports. Some islands, such as

those in the western Delta, may require short-term investments in
levee improvements while alternatives to through-Delta exports are
developed.

Devise mitigation strategies for some Delta landowners. Current
Delta land and water users will be affected by major changes in state
policy regarding the Delta, even if change is overdue and should have
been anticipated. Some financial compensation to ease the transition
of Delta agriculture is warranted. Such a program should be
developed now, and it should provide incentives for Delta landowners
to sign up early.

Making Decisions and Regulating the New Delta

A new framework for governance and regulation is needed for the

new Delta. To increase the chances of favorable ecosystem and economic

outcomes as the Delta transitions, California needs a policymaking

environment that enables decisionmakers to anticipate the changes ahead.
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This will require three ingredients: effective political leadership, a sound

governance system, and an appropriate set of regulatory tools.

13.

14.

15.

California’s leaders will need to chart a new course for the Delta.
Experience suggests that it is unreasonable to expect the Delta’s
many stakeholders to come to consensus solutions in a timely way or
to reach decisions that are in the broader statewide interest. Major
policy decisions must be made at a higher level to help chart a new
course for Delta management and negotiate solutions to some of the
difhicult tradeoffs facing those who use Delta resources. Important
decisions include how to manage water exports and how to provide
durable funding solutions to support the Delta ecosystem. Direction
on new Delta governance and regulations must come from California’s
governor and legislature, with the involvement of federal and local
agencies.

Keep Delta governance issues on the front burner. In this report,
we have focused principally on one new governance issue—the
management of conveyance capacity with safeguards for non-export
water users. The Delta faces numerous other governance concerns,
including improving oversight of regional land resources and the
process for balancing human uses with ecosystem needs. Several
efforts have begun to assess the options available, of which there are
many, including models such as the Coastal Commission, the Coastal
Conservancy, and the Tahoe Regional Planning Authority. These
efforts are as important as the technical work to lay out options for
water management in the Delta.

Anticipate needed regulatory changes. To make the best of

a changing Delta, California needs to start dealing now with a
regulatory system that is more reactive than proactive and that does
not account for the effects of changing natural conditions induced by
climate change and other factors. Regardless of which approach is
taken for long-term water exports, a systematic review of regulatory
issues relating to the Delta is needed. The state appears to be the most
capable and responsible party to undertake such a review, perhaps
aided by discussions with academics and stakeholders. We conclude
this list of recommendations with two key Delta regulatory issues.
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16. Start dealing now with the regulatory consequences of sea level
rise and island failures. Sea level rise, the needs of Delta fish species,
and water quality and reliability concerns for water export users all
push in the direction of more variable Delta salinity, which can be
better for fish but could preclude some present in-Delta water uses.
The State Water Resources Control Board will need to work with
federal officials to see how California can make the necessary changes
in water quality regulations, while remaining in compliance with
federal law. Whether or not it is legally required, mitigation to Delta
farmers for the loss of water quality may be a useful tool in reaching
an acceptable solution. The state also needs to develop a policy for
handling potential liabilities from island flooding on neighboring
islands. For Delta levees that are part of federally authorized flood
projects, proactive discussions about levee repair alternatives must be
held with the U.S. Army Corps of Engineers.

17.  Assess options for making the habitat conservation planning
framework compatible with changing Delta conditions. The
habitat conservation planning process for the Delta that is now
under way could be compromised if it fails to adequately consider
the changes occurring in this region. The export projects will likely
be open to Endangered Species Act challenges (and cutbacks) if the
protected species do not do well, and if there is some chance that
exports play a role. These risks will increase with climate change and
the associated rise in water temperatures. California will need to work
with federal authorities to find ways to not automatically consider
a conservation plan a failure—potentially halting the associated
project—if a listed species is lost to climate-related factors or other
external events, such as invasive species. In the meantime, water
export users will need to factor into their analysis of alternatives the
risks of species nonrecovery and the associated cuts in exports.

Charting the Future for a Changing Delta

The ongoing and increasingly rapid changes in the Delta pose a long-
term challenge to California as a whole, as well as to all parties involved in
this perennial source of conflict. All parties seeking to achieve the Delta
Vision’s co-equal objectives of environmental sustainability and water supply
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reliability have an interest in making a peripheral canal part of a long-term
solution for the Delta. This strategy must be embedded in a comprehensive
set of actions to improve aquatic environments in the Delta and the greater
watersheds of the Sacramento and San Joaquin Rivers. To be viable, a
long-term solution must include governance, regulatory, and financial
arrangements to ensure that various goals are well served, including

water supply, environmental management, and the state’s local interests

in the Delta. For a problem of such complexity and with innumerable
stakeholders, it would be unusual and unexpected for local and regional
stakeholders to negotiate such arrangements on their own in a timely way.
Pursuit of a grand consensus solution for the Delta’s many issues is likely
only to continue the deteriorating status quo. Leadership from the governor
and legislature is needed to create conditions for reasonable governance

of the new Delta, with cooperation from local governments and federal
agencies that regulate and manage water and land use.
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Guide to Online Technical
Appendices

A. Policy and Regulatory Challenges for the Delta of
the Future

Changes in the Delta will require or lead to major changes in Delta
policy and regulation. Several aspects of Delta governance, regulation, and
policy are explored.

B. Levee Decisions and Sustainability for the Delta

The inexorable and irresistible drivers of the future of the Delta
are reviewed: sea level rise, land subsidence, changing hydrology, and
earthquakes. The consequences of these changes are examined in the
context of economic decisions for upgrading or maintaining various Delta
islands from a statewide perspective.

C. Delta Hydrodynamics and Water Salinity with
Future Conditions

The future hydrodynamics and water quality of the Delta are reviewed
and examined under conditions of sea level rise and permanently failed
islands. The water quality implications of various export strategies are
explored for water export, environmental, and in-Delta uses.

D. Future of the Delta Ecosystem and Its Fish

The future ecosystem of the Delta is discussed under conditions of
sea level rise and permanent island failures. The viability of groups of fish
under changed conditions is explored, with associated management and
policy implications.
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E. Expert Survey on the Viability of Delta Fish
Populations

The results of a survey of 39 experts on the Delta ecosystem are
presented concerning the likely success of improving the viability of fish
species. Various alternative export and other water management actions are
compared.

F. Economic Costs and Adaptations for Alternative
Delta Regulations

Model results are used to estimate the economic costs and water
management adaptations from long-term reductions in exports and
increases in Delta outflow requirements. These results offer an integrated
perspective on the Delta’s role in statewide water supply and management.

G. Peripheral Canal Design and Implementation
Options
If there is a decision to build a peripheral canal as part of a long-term

Delta solution, many additional decisions will be required. The variety of
subsequent decisions is presented and briefly discussed.

H. Delta Drinking Water Quality and Treatment Costs

The additional drinking water treatment costs of using water from
the Delta are estimated and compared with treatment costs for water
drawn from the Sacramento River upstream of the Delta. These costs
are estimated for present conditions, as well as with sea level rise and the
permanent failure of some islands.

I. Economic Effects on Agriculture of Water Export
Salinity South of the Delta

The losses of agricultural revenues to farms in the southern Central
Valley related to the salinity of export water are estimated for the year

2030. Reductions in these economic losses are estimated for several export
alternatives.
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J. Decision Analysis of Delta Strategies

A formal economic and fish viability decision analysis is made of the
Delta export management alternatives. The decision analysis allows for
explicit analysis of uncertainties regarding fish recovery, sea level rise,
and extensive levee failures as well as implicit incorporation of other
uncertainties.
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