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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.

http://www.ppic.org/content/pubs/other/708EHR_appendix.pdf
http://www.ppic.org/main/publication.asp?i=671
http://www.ppic.org/main/publication.asp?i=671
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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 

http://www.ppic.org/main/mapdetail.asp?i=857
http://www.ppic.org/main/mapdetail.asp?i=857
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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 
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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 












