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I. Summary 

The great enemy of the truth is very often not the lie - deliberate, 
contrived and dishonest - but the myth - persistent, persuasive and 
unrealistic. 

-John F. Kennedy 

California has a complex, highly interconnected, and decentralized 
water system.  Although local operations draw on considerable expertise 
and analysis, broad public policy and planning discussions about water 
often involve a variety of misperceptions - or myths - about how the system 
works and the options available for improving its performance.  The 
prevalence of myth and folklore makes for lively rhetoric, but hinders the 
development of effective policy, raising environmental and economic costs 
and sometimes placing lives at risk.  Moving beyond myth toward more 
factual, scientifically based water policy is essential if California is to meet 
the multiple, sometimes competing, goals for sustainable management in 
the twenty-first century:  supplying agricultural, environmental, and urban 
demands for water supply and quality and ensuring adequate protection 
from floods. 

We focus on twelve common water myths, involving water supply, 
ecosystems, flood management, and the legal and political aspects of 
governing California’s water system.  These are not the only California water 
myths - and they are not all unique to California - but they are ones we find 
to be particularly distracting and disruptive to public policy discussions.  For 
each myth, we provide a brief assessment of how the myth misleads, and we 
point to a more accurate characterization of the issue that would provide a 
better foundation for policymaking.   

In combating these myths, we hope to set the stage for a more rational 
and informed approach to water policy and management in the state.  Most 
water myths have their origins in at least a kernel of truth.  But that kernel of 
truth has become distorted through exaggeration, oversimplification, or 
uncritical acceptance.  Often, myths serve the rhetorical purposes of 
particular interest groups.  But myths are able to persist because our public 
policy debates are not sufficiently grounded in solid technical and scientific 
information about how we use and manage water. 

With the information presented here we seek to begin rebuilding 
public policy discussions on more myth-free foundations.  Improving the 
collection, analysis, synthesis, dissemination, and discussion of accurate 
information about the state’s water system is also necessary to encourage 
fact-based policies.  Of course, information alone will not dispel California’s 
water myths, but it can fashion more effective responses to California’s 
many ongoing and future water challenges.   

 



West  Northwest, Vol. 16, No. 1, Winter 2010 

 
8 

 

 

The Myth The Reality 

Water Supply Myths  

California is running out of water. 
California has run out of abundant 
water and will need to adapt to 
increasing water scarcity. 

[Insert villain here] is responsible 
for California’s water problems. 

There is no true villain in California 
water policy, but opportunities exist 
for all sectors to better use and 
manage water.   

We can build our way out of 
California’s water problems. 

New infrastructure can contribute to 
California’s water supply solutions, 
but it is not a cure-all in either 
economic or environmental terms. 

We can conserve our way out of 
California’s water problems. 

Water conservation is important, but 
its effectiveness is often overstated. 

Water markets can solve 
California’s water problems 

Water markets provide important 
incentives for cooperation and 
coordination of a portfolio of water 
management activities.  

Ecosystem Myths  

Healthy aquatic ecosystems 
conflict with a healthy economy. 

Healthy ecosystems provide 
significant value to the California 
economy.  Although some tradeoffs 
exist among water uses, there are 
many opportunities for mutually 
beneficial water management. 

More water will lead to healthy 
fish populations 

Fish need more than water to thrive. 

Restoring native ecosystems is 
essential for native species 
recovery. 

California’s ecosystems are 
irreversibly altered and constantly 
changing.  We must find ways to 
restore native species within such 
altered ecosystems. 
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Flood Management Myth 

Current flood protection 
standards keep communities safe 

Current standards increase flood risk 
in many locations. 

Governance and Legal Myths  

California’s water rights laws 
impede reform and sustainable 
management. 

The legal tools for reform are already 
present in California’s water rights 
laws.  We just need to start using 
them.  

Groundwater is separate from 
surface water. 

Despite some legal distinctions, 
California groundwater and surface 
water are often closely interconnected 
and managed jointly. 

We can find a consensus that will 
keep all parties happy. 

Tough tradeoffs mean that consensus 
is not achievable on all water issues; 
higher levels of government will need 
to assert leadership. 
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II. Introduction 

The difficulty ain’t that we know so much, but that we know so much 
that ain’t so. 

-Josh Billings, as quoted by Mark Twain 

California is again in the throes of intense public policy debates about 
how to manage water.  Several years of dry weather have depleted reservoirs 
and groundwater basins.  New environmental restrictions on shipping water 
through the fragile Sacramento-San Joaquin Delta have intensified water 
supply concerns in cities and farming regions that rely on these shipments, 
and proposals to bypass the Delta with a peripheral canal have Delta residents 
and others worried about consequences for their regions and interests.  

These may be the most visible and vocal issues of the moment, but a 
virtual tour around the state reveals significant water management concerns 
at every turn.  To the west, cities and farms in the Russian River watershed 
have been ordered to reduce their water use to restore flows for steelhead 
trout.  To the south, some Imperial Valley residents are still smarting over 
requirements to fallow some irrigated acreage as part of a long-term transfer 
of Colorado River water to San Diego.  To the east, the success of a hard-
fought deal to restore salmon on the San Joaquin River depends on 
continued cooperation among fractious stakeholder groups and 
improvements in conditions downstream.  To the north, water allocations 
for salmon remain a recurring source of conflict on the Klamath River.  And 
across the state, flood-prone communities have petitioned the federal 
government for reprieves from stricter floodplain designations, so property 
can be developed and residents can avoid costly flood insurance. 

Some summary statistics highlight why the environmental conditions 
of California’s water resources have become a major management concern 
in recent decades:  Twenty-two percent of the state’s 122 remaining native 
fish species are already listed as threatened or endangered under the state 
and federal Endangered Species Acts, and another forty-five percent are 
imperiled or qualified for listing.1  More than ninety percent of California’s 
lakes, rivers and streams are listed as “impaired,” meaning they cannot be 
used for one or more of their intended uses (e.g., drinking, irrigation, fishing, 
swimming) (US Environmental Protection Agency, 2004).   

Looking ahead, the challenges and conflicts of water management are 
likely to intensify, as population growth and climate change increase 
pressure on California’s resources.  The state is projected to gain roughly 
half a million residents per year over the coming decades (Department of 
Finance, 2007), and warming temperatures and accelerating sea level rise 

 
 1. Moyle, Quinones Katz (Forthcoming).  Nine of the state’s 131 native fish 
species have become extinct since California became a state. 
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will make it increasingly difficult to satisfy agricultural, urban, and 
environmental water demands and to ensure adequate protection from 
floods (Cayan, et al., 2009). 

Policy decisions will be most effective in addressing water management 
goals if they are based on an accurate understanding of the state’s water 
problems and potential solutions.  Unfortunately, California currently 
possesses little systematic technical knowledge and coordinated research 
capability to support and advance policy discussions and decisions.  In part, 
this information deficit stems from the highly decentralized nature of water 
management.  More than a thousand local and regional water agencies are 
responsible for water delivery, wastewater treatment, and flood control, 
alongside many state and federal agencies.  Decentralized management has 
facilitated responsiveness to local problems, but it also has fragmented much 
of the detailed knowledge and strategic perspectives on California’s vast water 
system.  The state, for its part, with few resources and many competing 
pressures, requires little reporting of information from the field and devotes 
few resources to technical decision support and synthesis, monitoring of 
water use, and enforcement of water rights.  

As a result, misperceptions - or myths - about California’s water 
problems and solutions abound among the public, policymakers, and even 
many water professionals.  These myths - often used to support particular 
stakeholder interests - confuse public policy discussions, legislative 
debates, and water management decisions, making them less productive 
and useful than they need to be for California’s water system to respond 
effectively to its mounting challenges.  

This paper explores twelve prominent myths about California water 
supply, ecosystem management, flood control, and the legal and policy 
process for water governance.  We bring together perspectives from ecology, 
economics, engineering, law, and the physical sciences to examine the 
origins of these myths, how they influence policy, and where they fall short 
in their assessment of water problems and solutions.  For each myth, we 
then suggest a replacement that would better guide policy.  A concluding 
section summarizes key elements of a myth-free policy platform for 
California and highlights actions to strengthen the information and analysis 
needed for sound policy decisions. 
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III.  Water Supply Myths 

Myth: California is Running Out of Water  

Is California running out of water? Or are we just running out of 
political will? 

-Paul Shigley (2008) 

The Myth 

The popular press often propagates the myth that California is running 
out of water.  As a recent example:  “Have you seen Lake Oroville lately? If 
so, you know California is running out of water” (Speer, 2008).  The myth 
stems from a rigid notion that there is no flexibility in water management 
and that the economy will grind to a halt if shortages occur.  The myth 
persists despite ample historical evidence and numerous economic and 
technical studies showing that Californians can adapt successfully (albeit at 
some cost and inconvenience) to living in an arid region with variable and 
changing water conditions.  By implying that Californians cannot adapt, the 
“running out of water myth” discourages efforts to manage and use water 
resources more efficiently.  

How the Myth Drives Debate 

The notion that “California is running out of water” is commonly 
employed to raise alarm about serious water problems, but it encourages a 
simplistic and sometimes counter-productive attitude towards solving them.  
If we are “running out of water,” then we have to “get more.”  The underlying 
assumption of this myth is that California’s water use and management are 
more or less fixed.  So new water demands from population growth can only 
be addressed by developing additional supplies, at any cost.  In this view, 
California’s water users have little ability to better use and stretch existing 
supplies through improvements in operations, gains in water use efficiency, 
or reallocation among users. 

The Reality 

This myth has a kernel of truth, in the sense that California’s available 
water supplies are limited.  Most of California’s river flows have already been 
allocated (sometimes several times over), and groundwater resources have 
been overdrawn in many areas.2  The myth persists because water users 
often experience shortages, relative to water contracts and rights amounts 

 
 2. Isenberg, et al., (2008b) report estimates from the State Water Resources 
Control Board that allocations of surface water in the Sacramento and San Joaquin 
river watersheds amount to roughly eight times the average streamflow, and three 
times the highest streamflow on record. 
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and past use, due to drought and environmental restrictions.  With climate 
change, shortages could increase as warming temperatures reduce supplies 
currently stored in the Sierra Nevada snowpack (Cayan, et al., 2009). 

However, water scarcity does not mean that we are “running out of 
water.”  Given California’s Mediterranean-type climate, with variable rainfall 
and a dry growing season, water has always been scarce, and adaptation has 
always been an important feature of water use.  Even in the state’s earliest 
days, appropriative water rights evolved to allow gold miners to move water 
to new locations when the original mines were played out.  Changes in the 
economic value of water were the original drivers for shifting water between 
sectors, with water moving from gold mining to farming in the early part of 
the twentieth century, and more recently from farming to urban uses.  
California water allocations also have shifted (though not without fierce 
debates) in response to changing social values, particularly as the rise of 
environmental concerns has led to reallocations of more flows to aquatic 
habitat.  

Figure 1 highlights the long-term shifts in California’s economy, 
progressing from mining, to agriculture and manufacturing, to services, 
which now account for roughly three-quarters of all jobs.  Figure 2 shows 
more recent water use trends for the agricultural and urban (non-farm 
business and residential) sector.  Agriculture and related activities now 
account for about five percent of California employment, and a large, but 
declining share of non-environmental water use – seventy-seven percent in 
2005, down from ninety percent in 1960.  Consistent long-term data on 
dedicated environmental flows are not available, but there is consensus that 
environmental uses of water have increased during this time with the rise of 
environmental concerns and regulations.  Statewide water availability for all 
purposes has diminished somewhat during this period due to reductions in 
water available from the Colorado River and groundwater overdraft in some 
areas. 

In response to scarcity, Californians have made considerable gains in 
water use efficiency.  A driving force for improving the economic efficiency of 
irrigation is the steady increase in crop yields per acre.  Over the last four 
decades, California’s crop yields have increased at an average rate of 1.42% 
per year (Brunke, Howitt, and Sumner, 2005).  As farmers have shifted to 
higher value horticultural and orchard crops, they have adopted more 
efficient irrigation technologies.3  Thanks to yield increases and a shift to 
higher value crops, the real dollar value per acre-foot of irrigation water has 

 
 3. Orang, Matyac, and  Snyder (2008) report surface irrigation use decreased 
by about thirty percent from 1972 to 2001 and drip/microsystem use increase by 
about thirty-one percent, mostly from reduced field crop and increased orchard and 
vineyard planting.  Most of the switch occurred from the early 1990s onward.  Using 
Department of Water Resources data on applied water use and irrigated acreage, we 
estimate water applied per acre has declined from an average of 3.5 acre-feet per acre 
in the 1960s-1980s to 3.2 acre-feet per acre from 1990 to 2005. 
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increased considerably.4  

FIGURE 1: 

Shifts in the California Economy, 1850 - 2007 (percentage of 
employment) 

Source:  Author calculations using Census data (IPUMS, 1950 industry basis). 

Note:  Agriculture includes farm-related wholesale trade and manufacturing, as well as 
forestry (which never exceeded 0.2% of employment and now accounts for less than 0.1%).  
“Other Goods” includes non-food manufacturing and construction.  Recreation includes 
fisheries (which never exceeded 0.5% of employment and now accounts for less than 0.1%). 
 

Urban dwellers also have been adapting.  Following several decades of 
increases in per capita use spurred by rising incomes and increased home 
and lot sizes, many urban water agencies began implementing conservation 
programs during the early 1990s drought.  These have reduced per capita 
use in both coastal and inland regions of California (Figure 3).  (Inland 

 
 4. From 1972 to 1995, the real value of output per acre-foot of applied 
irrigation water increased by 19.3 percent when using the Gross Domestic Product 
(GDP) deflator to measure inflation, and by 92.6 percent when deflated using US 
Department of Agriculture index of prices received by farmers (Brunke, et al., 2005). 
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California is shown with and without the low-desert Colorado River region, 
where per capita use is particularly high).  Further use reductions are 
occurring from the recent drought and new environmental restrictions on 
pumping water to users south and west of the Delta. 

FIGURE 2: 

Trends in Agricultural and Urban Water Use, 1960 - 2005 (millions of 
acre-feet) 

Source:  Author calculations using data from California Water Plan Updates (Department 
of Water Resources, various years). 

Note:  Data for 2005 are provisional.  Figure shows applied water use (for a definition, 
see the “conserve our way out” myth).  “Urban” includes residential and non-agricultural 
business uses.  Pre-2000 estimates are adjusted to levels that would have been used in a year of 
normal rainfall.  Estimates for 2000 and 2005 are for actual use; both years had near-normal 
precipitation.  Estimates omit conveyance losses, which is six percent to nine percent of the 
total. 

 

Water managers also have improved the management of developed 
water supplies, which has enhanced water supply reliability and flexibility.  
Tools include banking excess surface water from wet years in groundwater 
basins for use in dry years (“conjunctive use”), treating wastewater and 
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stormwater for reuse, and the marketing and trading of water, all of which 
have expanded greatly since the 1990s.5  

FIGURE 3: 

Trends in Per Capita Urban Water Use, 1960 - 2005 (gallons per capita 
per day).  

Source:  Author calculations using Department of Water Resources (DWR) data (2005 

numbers are provisional) 

Note:  Figure shows applied water use (for a definition, see the “conserve our way out” 
myth).  Outdoor water use is much higher in inland areas because of hotter temperatures and 
larger lot sizes (Hanak and Davis, 2006).  The low-desert Colorado River region, including areas 
such as Palm Springs, has especially high per capita use from golf-based tourism. 

 

Various studies suggest considerable scope for future adaptations to 
scarcity, including further gains in water use efficiency, changing operating 
schedules for water stored and released from reservoirs (reservoir 
“reoperation”), improvements in conjunctive use and recycling, and some 
additional reallocation across sectors through water marketing (Department 
of Water Resources, 2009a; Jenkins, et al., 2003; Tanaka, et al., 2006; 
Zilberman, et al., 1993).  Although climate change may significantly reduce 
water availability and growth in farm revenues, California agriculture 

 
 5. Department of Water Resources, 2003, 2005a; http://www.semitropic.com/; 
www.kwb.org. 



 West  Northwest, Vol. 16, No. 1, Winter 2010 

 
17 

 

appears able to adapt without declines in revenues from today’s levels, 
thanks to projected improvements in irrigation and crop production 
technology and demand growth for higher value crops.6  

Considerable potential remains for continued adaptation to water 
scarcity.  California agriculture still applies more water per acre to irrigate 
crops than countries with similar climates and export-oriented agricultural 
sectors.7  Likewise, per capita urban use in California remains quite high 
among developed economies with similar climates.8  In many of these 
countries, water users have moved more aggressively to adopt more efficient 
irrigation technology, modify cropping patterns, limit outdoor landscaping 
use in the residential sector, recharge groundwater basins, capture 
stormwater, and increase use of recycled wastewater. 

In short, this myth is true only if California’s water sector does not 
muster the incentives, technology, and political capacity to adapt to 
changing demands and preferences for water use as it has in the past.   

Replacing the Myth 

California is not running out of water, but the state will face increasing 
water scarcity.  It is often said, “There is not a shortage of water, only a 
shortage of cheap water.” 

Institutions and technologies must continue to adapt and change to 
meet future demands.  Public education can help Californians realize that 
they reside in an arid region.  With continued attention and adaptation, 
California can have sufficient water resources to sustain prosperous social 
and economic development into the indefinite future. 

 
 6. To assess the scope for adaptation, we simulated conditions in 2050 
using the Statewide Agricultural Production Model (“SWAP”) as presented in Howitt, 
et al. (2009a).  The simulation assumes a warm-dry scenario of climate change 
(twenty-eight percent decline in water supply from all sources), assuming a modest 
increase in crop productivity relative to past trends (an average twenty-nine percent 
cumulative increase for all crops, following Brunke, et al., 2005 and Howitt, et al., 
2009a) and continued demand growth for high value fruits and nuts.  Irrigated 
acreage falls twenty percent statewide but statewide revenues from agriculture 
increase by twenty-five percent relative to 2005 levels.  The decline in water use does 
lower the growth in revenues by about two-thirds relative to conditions without 
climate change. 

 7. California’s average since 1990 has been around 3.2 acre-feet per acre.  
Recent application rates (in acre-feet per acre) are estimated at 2.48 in Australia, 2.11 
in Spain, 1.70 in Italy, and 1.65 in Israel (Food and Agricultural Organization of the 
United Nations, n.d.).  In contrast, other western states that rely heavily on irrigation 
have application rates similar to or higher than California’s (Hutson, et al., 2004).  
Crop consumptive use of water is often directly linked to crop yield. 

 8. Urban per capita use (in gallons per person per day) in the early 2000s is 
estimated at 130 in Australia, 100 in Italy, 84 in Spain, and 76 in Israel (Food and 
Agricultural Organization of the United Nations, n.d.), versus roughly 210 in 
California.   
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Myth: [Insert Villain Here] Is Responsible for California’s 
Water Problems. 

As for an authentic villain, the real thing, the absolute, the artist, one 
rarely meets him or her even once in a lifetime.  The ordinary bad hat 
is always in part a decent fellow. 

-Colette 

The Myth 

California’s water system would work well if it were not for ________ [fill in the 
blank]. 

One of the most common myths about California water is that some 
Villain is preventing the state from meeting its water demands.  Eliminating 
or reforming that villain would solve California’s water problems.  Call it the 
“Chinatown Myth” in honor of the evil Noah Cross who was stealing the 
water from beneath people’s noses, creating artificial shortages.  A good 
villain is always rhetorically useful and makes problems seem easier to 
solve. 

Everyone in California has a favorite real-world water villain.  Common 
favorites are the wasteful Southern California homeowner, the farmer who 
receives federally subsidized water, and the state and federal Endangered 
Species Acts.  The danger with villains is that they can lead to inaction.  
Everyone points the finger at someone else, rather than recognizing that we 
all need to change our water ways.  

Villain #1: Wasteful Homeowners in Southern California 

The favorite villains of many Northern Californians are the profligate 
homeowners of Southern California who use water to grow luscious lawns, 
fill and refill their swimming pools, and wash leaves from their driveways.  In 
this myth, water misuse is common in the Southland where people forget 
that they are living in a former desert and import vast amounts of water, 
including water from Northern California. 

How the Myth Drives Debate 

If Southern California homeowners are the problem, state policy 
should focus on limiting their water use rather than on supplying them with 
water.  Imported water almost always comes from alternative environmental 
or local water uses, and there is no reason to incur those costs if the water is 
not truly needed.   

Moreover, other water users often argue that it is unjust and unfair to 
force them to reduce their water use given profligate use by Southern 
Californians.  Farmers, for example, have argued that the State should not 
impose conservation measures on them or permit agriculture-to-urban 
water transfers when Southern Californians continue to waste water. 
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The Reality 

If Southern Californians are truly wasting water, water imports to the 
region should be reduced - and the water reallocated to areas of origin or 
other uses.  But the image of Southern Californians as water villains is based 
on misperception of actual water use across the state. 

Average water use per person in the South Coast - where the majority 
of Southern Californians live - is, in fact, among the lowest in California 
(Figure 4).  This stems partly from a cooler climate and denser land use than 
inland areas.  Statewide, outdoor water use averages over forty percent of 
residential water use, and increases with hotter climates, larger lot sizes, 
and a greater proportion of single-family homes.  The Southern California 
coast has the highest percentage of multifamily homes in the state, and its 
home lots tend to be smaller (Hanak and Davis, 2006). 

South Coast water utilities have also been among the most aggressive 
in reducing per capita water use.  An effective way to reduce water use is to 
charge consumers higher rates for higher quantities consumed - known as 
“increasing block rates.”  In 2003, almost two-third of the population of 
California’s southern coast paid increasing block rates.  Only half of all 
Californians paid such rates, including a mere thirteen percent of San 
Joaquin Valley residents (Hanak, 2005).  Water utilities in the South Coast 
also provide significant incentives for conservation.  For instance, the 
Metropolitan Water District of Southern California has spent more than $185 
million over the last decade encouraging water customers to install water-
efficient appliances, plant drought-resistant landscapes, and reduce overall 
water use.  In places like Los Angeles, reductions in manufacturing in the 
early 1990s also reduced per capita use.  Overall, the South Coast used 
nearly 450,000 acre-feet less water in 2005 than a decade earlier, despite 
having 2 million additional residents.9  The region also leads in reclaimed 
water use. 

The temptation is to simply change the villain in California water 
policy from pool-loving residents of the South Coast to the urban and 
suburban residents of Sacramento, the San Joaquin Valley, and other inland 
areas.  But the urban sector as a whole accounts for just over twenty percent 
of water use in California, and utilities in virtually every region are working 
to reduce per capita use.10  Making one region into a villain oversimplifies 
the complex water demands in California and suggests that water 
conservation is a bigger issue in one region or one sector rather than for the 
state as a whole.   

FIGURE 4: 

Average per capita urban water use by hydrologic region, 2005 

 
 9. Author calculations using Department of Water Resources data. 

 10. For a discussion of the efforts of large urban water utilities, see California 
Urban Water Agencies (2008). 
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Source:  Department of Water Resources (provisional data).  

Note:  Figure shows applied water use (for a definition, see the “conserve our way out” 
myth).  The high per capita use in the Colorado River region stems in part from the golf tourism 
industry. 

 

Villain #2: Subsidized Agriculture 

The chief villains for many urban water users and environmental 
advocates are the agricultural recipients of federally subsidized irrigation 
water.  The largest federal reclamation project in the United States is the 
Central Valley Project (“CVP”), which supplies water to thousands of Central 
Valley farms (as well as some urban water users) (Sax, et al., 2006).  The 
federal government subsidizes these supplies by allowing farmers to 
reimburse project construction costs interest-free over a span of decades, 
shifting to other users (such as hydroelectric projects) costs that exceed an 
irrigator’s “ability to pay,” and charging below-cost energy rates for moving 
the water.  The estimated yearly subsidy to farmers receiving CVP water, 
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relative to the full-cost rate, is roughly $60 million (Environmental Working 
Group, 2004). 

In the minds of California’s urban water users and environmental 
reformers, subsidized rates paid by farmers in the CVP are unjustified and 
unfair.  Critics claim that the subsidies have undermined irrigators’ incentive 
to conserve and encouraged them to grow lower-value crops such as wheat, 
grain, cotton, and rice that they believe should be grown elsewhere.11 

How the Myth Drives Debate 

If federal reclamation subsidies are unfair and undermine agricultural 
conservation, the most obvious solution is to eliminate them.  In this spirit, 
Congress has increased CVP prices to farmers under both the Reclamation 
Reform Act of 1982 (96 Stat. 1261) and the Central Valley Project Improvement 
Act (CVPIA) of 1992 (106 Stat. 4600, 4706).  To comply with these laws, prices 
for federal agricultural water are likely to increase by more than sixty-five 
percent from 2000 to 2030.  But in the meantime, CVP farmers continue to 
receive a significant subsidy.  Many argue that it would be fairer and more 
efficient to speed up this process and eliminate the subsidy entirely. 

The Reality 

The view of subsidized farmers as water villains is based on 
misunderstandings of the role of these subsidies in today’s farm economy. 

First, the claims of unfairness are unjustified, because most of today’s 
farmers have already paid for the subsidy through higher land prices:  land 
eligible for subsidized water is more expensive (Huffaker and Gardner, 
1986).12  Although the windfall to original landowners might have been 
unfair, current owners are receiving what the United States government led 
them to expect they would receive when they purchased this land.  Fairness 
might imply locating the original landowners and stripping them of their 
windfall, but it is difficult to argue that stripping current farmers of the 
subsidy is “fair.”13 

 
 11. There is a separate issue of whether federal crop subsidies create skewed 
incentives to grow certain crops.  Some California crops benefit from these subsidies 
(notably rice, corn, about half of all cotton, and indirectly, alfalfa, an input to the 
subsidized dairy industry).  But most California acreage is planted to unsubsidized 
crops. 

 12. Most farmers in California pay the actual operating cost of bringing the 
water to their farms (even if they - like other water users - generally do not pay the 
external environmental costs from reduced steam flows).  Water delivered to farmers 
from the State Water Project, local water projects, and the Colorado River Project is 
essentially unsubsidized.  In addition to its subsidized contractors, the CVP also 
delivers over 2 million acre-feet to “settlement” and “exchange” contractors, who 
were already receiving the water prior to the CVP, at very low (but not subsidized) 
prices. 

 13. When Congress passed the original Reclamation Act of 1902 (32 Stat. 
388), the subsidies were seen as a way to make the desert bloom.  Today, 
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Second, eliminating water subsidies is not the only way to encourage 
farmers to conserve water.  As noted above (Running out of water myth), the 
economic efficiency of agricultural water use in California has increased 
steadily due to gains in crop yields, switches to higher value crops, and 
increases in irrigation efficiency.  Since the early 1990s, water scarcity has 
driven efficiency improvements among CVP farmers south of the Delta as 
they seek to adjust to shortages from drought and regulatory changes.14  
Water markets also are encouraging more efficient use.  Farmers who can 
earn more than the cost of conserving water by selling the volume conserved 
to other parties have an incentive to do so, even if they currently pay little 
for water.  For this reason, the Central Valley Project Improvement Act 
includes broad authorizations for CVP contractors to transfer water.  Since 
the early 1990s, there has been an active farm-to-farm market to move water 
to water-short areas with higher value output (Hanak, 2003). 

In sum, continued scarcity, along with higher water prices and other 
market forces, is likely to further encourage both conservation and 
conversion of land to less water-intensive crops, and an overall decline in 
agricultural water use (Department of Water Resources, 2005a).  

Villain #3: The Endangered Species Acts 

To many users and commentators, particularly in the Central Valley 
and Southern California, the true villains are the federal and state 
Endangered Species Acts (ESA) (Wall Street Journal, 2009).  In this view, 
environmentalists use these laws to force unreasonable reductions in 
agriculture and urban water deliveries to protect a few species of worthless 
bait fish.  As some critics have put it, the problem plaguing California’s 
water system is not a natural drought but a “regulatory drought” from 
environmental flow restrictions.  

Many water users have been predicting that the Endangered Species 

 
environmental damages and undesirable effects of that policy are apparent and 
many reclamation projects have ultimately benefitted large rather than yeoman 
farmers that Congress originally envisioned (Pisani, 1984; Arax and Wartzman, 2003).  
But that does not reduce the fairness concerns of eliminating water subsidies on 
which CVP and other federal project farmers have long relied. 

 14. Since the 1992 passage of the CVPIA, CVP contractors south of the Delta 
have received reduced deliveries in most years, as part of a mitigation program to 
provide more flows for salmon.  Recent regulatory actions to protect the delta smelt 
have led to further reductions (see Villain #3 and Figure 5).  Many of these farmers 
are now making cropping decisions based on the (much higher) price of water they 
can obtain on the water market, rather than the price of water delivered by the CVP.  
Since the early 1990s, farmers have routinely paid more than $100 per acre-foot to 
purchase supplemental water, and in the 2008 and 2009 seasons, when cutbacks 
were severe, some farmers on the west side of the San Joaquin Valley were paying as 
much as $500 per acre-foot for supplemental water (authors’ communications with 
farmers and water brokers).  In contrast, contract prices for CVP water on the west 
side run from $25 to $65 per acre-foot. 
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Acts would lead to water shortages since the federal government listed the 
Sacramento winter-run Chinook salmon as threatened in 1989, followed by 
the delta smelt in 1993.  Since 2008, those predictions have seemed to 
become reality, as pumping has been reduced following a federal judge 
ruling that state and federal water managers were not adequately 
considering the needs of fish species in the Delta in managing water 
exports. 

How the Myth Drives Debate 

Seeing the Endangered Species Acts as villains has led some water 
users to call for reducing legal protections for native species.  The federal 
Endangered Species Act of 1973 is currently one of the world’s strongest 
environmental laws.  Having concluded that species are of inestimable 
value, Congress prohibited the “taking” of endangered species under the 
Endangered Species Act, regardless of the costs.  Only the Endangered 
Species Committee, a federal cabinet-level group sometimes referred to as 
the “God Squad,” can grant an exemption to the Act’s proscriptions - an 
action taken only twice to date.  Some California water users now demand 
that either the Committee be convened to allow more water to be exported 
from the Delta or that Congress amend the Act. 

The Reality 

The recent Endangered Species Act restrictions have reduced water 
supplies available for some water users. 

However, the effects are often overstated.  Recent delta smelt 
restrictions come following a time of high sustained water exports and 
coincide with the ongoing hydrologic drought.  In all, they account for fifteen 
to twenty percent of the recent declines in exports (Figure 5).  Over the 
longer term, delta smelt restrictions are likely to reduce Delta exports by 
twenty percent to thirty percent on average (Department of Water Resources, 
2008a, 2009b; Carlton, 2009) unless the smelt respond to large-scale habitat 
improvements.   

Even if the Endangered Species Acts did not exist, other federal and 
state laws designed to protect the environment would restrict water 
withdrawals from California’s rivers and streams.  High withdrawals threaten 
not only fish species, but also water quality, recreation, and aesthetics.  As a 
result, the federal Clean Water Act, state water quality laws, the public trust 
doctrine, and various provisions of the California Fish and Game Code all 
limit water operations to favor a variety of public purposes (e.g., Moyle, et 
al., 1998, Craig, 2007; Sax, et al., 2006).  State water law, moreover, requires 
the State Water Resources Control Board to consider all beneficial uses, 
including the maintenance of fish populations, in managing the State’s 
surface water (Sax, et al., 2006).  Removing the Endangered Species Acts’ 
restrictions on water diversions would be unlikely to provide much 
additional water for non-environmental uses, especially in the long run. 
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FIGURE 5: 

Annual water exports through the Delta and fish population indices, 
water years 1980-2009 

Source:  Author calculations using Department of Water Resources data on exports 
(DAYFLOW and CDEC) and Department of Fish and Game fish survey data. 

Note:  ESA-related cutbacks are estimated at roughly 500,000 acre-feet of exports in 2008 
and 2009, based on Department of Water Resources (2008a, b).  The winter-run Chinook salmon 
has been listed under the federal ESA since 1989 and the delta smelt since 1993. 

 

The restrictions of the Endangered Species Acts and other 
environmental laws reflect public concern over the serious effects of human 
actions on the natural environment and the costs of those impacts to all 
California residents.  As discussed below (value of ecosystems myth), healthy 
ecosystems provide economically valuable services, such as water purification, 
fisheries sustenance, recreation, and aesthetic value (Daily, 1997). 

Replacing the Myth 

There are no true villains in California water policy.  Responsibility for 
water problems must be shared by all water users, and fundamentally 
results from having a vibrant economy and society in an arid climate.  
Villains are always someone else.  Though rhetorically convenient, attempts 
to vilify one group of water users for California’s diverse water problems are 
factually incorrect and get in the way of more productive policy discussions. 
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Despite inevitable water scarcity, both urban and agricultural water 
users throughout the state have considerable opportunities to use and 
manage water more efficiently (see the “running out of water” myth).  It is 
also possible to manage water for the environment more effectively, by 
taking into account habitat and the quality and timing of flows (see the 
“more water for fish” myth). 

Myth: We Can Build Our Way Out of California’s Water 
Problems 

People are always looking for the single magic bullet that will totally 
change everything.  There is no single magic bullet. 

-Temple Grandin 

The Myth 

We would solve California’s water problems if we only built more ________ [fill in 
the blank]. 

All too often, solutions to California’s water management challenges 
are summed up as a problem of insufficient construction of some form of 
infrastructure, be it new surface storage, a peripheral canal to convey water 
around the Delta, or desalination plants (or larger levees for flood control - 
see the “safe from flooding” myth).  The myth that we can build our way out 
of the problem tends to appeal to politicians and the general public for its 
simplicity; it is often promoted by special interests who stand to gain from a 
particular investment, especially if someone else is paying for it.  The danger 
with focusing on these technological silver bullets is that they deflect 
attention from potentially more effective and less costly alternatives (such 
as water markets, underground storage, and conservation), from the benefits 
of coordinating many water management options, and from complementary 
actions required to improve environmental conditions. 

Infrastructure Solution #1: New Surface Water Storage 

Calls for “new surface storage” frequently accompany the “running out 
of water” myth.  Advocates often note that California’s population has nearly 
doubled since the state built the last major on-stream reservoir in the early 
1980s and argue that new surface storage is needed to supply this growth 
and replace the loss of Sierra Nevada snowpack storage predicted to occur 
from global warming. 

How the Myth Drives Debate 

This myth assumes water supply is linked directly to surface water 
storage capacity.  Proponents often advocate large public subsidies for this 
additional storage and insist on delaying other policy changes until 
substantial funds are committed for surface storage expansion.   
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The Reality 

Surface storage provides great flexibility to California’s water system, 
making it possible to carry water over to the dry season and to smooth out 
year-to-year variations in precipitation.  Surface storage operations can be 
especially effective when employed in concert with other water management 
actions, such as groundwater, water conservation, water markets, and other 
actions.  Reoperation of largely-existing surface water storage will play an 
essential role in improving California’s water system and adapting it to 
changes in climate and water demands (Medellin, et al., 2008; Carpenter and 
Georgakakos, 2001; Fissekis, 2008).   

However, the myth is founded on the erroneous notion that large 
unregulated flows will be available for new storage at an economically 
reasonable cost.  The myth persists because most people do not recognize 
this technical limitation, and because a few local interests stand to gain 
from state subsidies for new facilities. 

Because large reservoirs already exist on most major streams in 
California, expanding storage capacity has less potential to increase water 
deliveries than it did in the past.  The two largest and most frequently 
advocated surface storage expansions would add 3.1 million acre-feet to the 
roughly 41 million acre-feet of existing surface water storage capacity and 
increase water deliveries by one percent, at an estimated cost of $6.4 
billion.15  Surface storage is a costly way to expand water supplies in part 
because most favorable reservoir locations already have large dams.16  Early 
cost estimates from the Department of Water Resources range from roughly 
$340 per acre-foot (Sites Reservoir in Colusa County) to over $1,000 per 
acre-foot (Temperance Flat on the Upper San Joaquin River)  (Table 1).  The 
actual cost for Sites Reservoir seems likely to be considerably higher, and 
even a projected cost of $340 per acre-foot is likely to be prohibitively 
expensive for most farmers.17  This explains why most recent surface projects 
have been built (and financed) by urban water agencies, and why some 

 
 15. Information from CALFED Surface Storage Investigations as reported in 
Department of Water Resources (2009a) and USBR (2008a, b) for Sites and 
Temperance Flat reservoirs.  Increased percent of agricultural and urban deliveries 
are by authors’ calculations (0.33 million acre-feet per year, relative to average 
deliveries of 38 million acre-feet per year from 1980-2005 (see Figure 2). 

 16. For example, the San Joaquin River basin already has roughly 8.7 million 
acre-feet of storage capacity and average annual runoff of only 6 million acre-feet. 

 17. The $340 per acre-foot estimate assumes very high environmental 
benefits and urban water quality benefits.  Without these benefits, the net cost per 
acre-foot delivered rises to $616.  (Author calculations using US Bureau of 
Reclamation, 2008). Even a projected cost of $340 per acre-foot is likely to be too 
expensive for most farmers. 
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farmers have been strong proponents of public subsidies.18 

TABLE 1 

Costs of new water supply sources in California ($ per acre-foot per 
year) 

Method Low High  

Conjunctive use and groundwater storage $10 $600  

Water transfers 50 550  

Agricultural water use efficiency (net) 145 240  

Urban water use efficiency (gross) 230 635  

Recycled municipal water 300 1300  

Surface storage (state projects) 340 1070  

Desalination, brackish 500 900  

Desalination, seawater 900 2500  
Sources:  Department of Water Resources, 2009a; Department of Water Resources, 2007:  

low estimate for surface storage; Department of Water Resources, 2005a:  conjunctive use; 
author estimates:  water transfers. 

Note:  For conjunctive use, costs of water for banking may be additional.  For most 
options (except water use efficiency), estimates do not include delivery costs, which can be 
substantial.  For a definition of gross and net water use efficiency, see the “conserve our way 
out” myth. 

 

Moreover, the value of surface storage as a replacement for the 
snowpack is far from certain.  If California’s overall climate becomes drier (as 
predicted by some models, e.g. Barnett, et al., 2008, Cayan, et al., 2009), new 
surface storage provides little additional water supply because there is less 
surplus water to store (Tanaka, et al., 2006; Connell, 2009; Madani and Lund, 
in press).  More active coordination between existing surface reservoirs and 
groundwater basins - with increased drought (over-year) storage kept 
underground - could augment overall storage capabilities less expensively, 
especially with climate change (Tanaka, et al., 2006; Connell, 2009).19 

 
 18. Diamond Valley Lake in Southern California and Los Vaqueros reservoir 
in Contra Costa County, both of which came on line in 1999 (Diamond Valley Lake, 
n.d.; Contra Costa Water District, n.d.). 

 19. Some areas (notably Sacramento) would benefit from new surface storage 
as part of the flood management system, especially with climate warming and earlier 
spring runoff (Fissekis, 2008; Zhu, et al., 2007).  Increased surface storage might also 
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Surface storage operations become much more effective when 
employed in concert with other water management actions, such as 
groundwater, water conservation, water markets, and other actions.  
Reoperation of existing surface water storage will play an essential role in 
improving California’s water system and adapting it to changes in climate 
and water demands (Medellin, et al., 2008; Carpenter and Georgakakos, 
2001; Fissekis, 2008).   

Infrastructure Solution #2: A Peripheral Canal 

The Sacramento-San Joaquin Delta has long been at the center of 
environmental, water supply, and land use conflicts, and its prominence in 
public discussions has been heightened in recent years by concerns over 
fragile levees and the fate of native fish species.  One recurring proposal to 
address these problems is to build a peripheral canal to convey export water 
around, rather than through, the Delta.  To many, particularly in areas that 
depend on water exports, the peripheral canal has become the silver bullet 
for addressing the Delta’s woes. 

How the Myth Drives Debate 

The implication is that a peripheral canal should be built without 
delay, allowing water exports to return immediately to their pre-2008 levels 
or higher.  This thinking has misled some water users to believe that Delta 
conveyance is the only impediment to expanding water deliveries and has 
distracted attention from many additional actions required to improve 
environmental conditions in the Delta and California’s water system as a 
whole. 

The Reality 

If carefully designed and managed, a peripheral canal seems to be the 
best strategy for balancing environmental and economic goals for water 
management in the Delta (Lund, et al., 2008).  The current through-Delta 
system is unsustainable for the Delta’s native fishes and for human water 
users (Lund, et al., 2008).  By taking export water around the Delta, a canal 
makes it possible to more separately manage water for exports and for the 
environment.  Flows within the Delta could return to a more natural, variable 
regime to benefit the Delta’s native fishes.  

A canal would also provide urban and farm water users with a more 
reliable, cleaner source of water, while allowing water management within 
the Delta to be tailored to the needs of fish and other desirable aquatic 
organisms.  By making it possible to continue moving water from northern 

 
enhance fish habitat, particularly to support cold water releases and flows during 
droughts.  However, such environmental enhancements have yet to be analyzed.  For 
environmental purposes, it would also be relevant to compare reoperation of 
existing or expanded dams with the removal of some dams to allow fish to move 
upstream to colder water and spawning grounds.  
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California to regions dependent on Delta exports, a canal would support 
other water management actions, such as underground water storage, 
reservoir reoperation, and water markets, and would make water supplies 
more resilient to climate change (Tanaka, et al., 2006, 2008; Connell, 2009). 

However, a peripheral canal alone will fix neither the Delta nor 
California’s water supplies and is unlikely to improve native fish populations 
enough to immediately allow increases in exports above currently restricted 
levels.  A favorable outcome for native fishes depends on careful attention 
to environmental aspects of the project, as well as complementary 
investments in fish habitat (Moyle and Bennett, 2008).   

To succeed, the canal would need to be accompanied by a robust 
governance package that establishes legal and procedural safeguards 
against extracting too much water, and that ties achievement of ecosystem 
management goals to water diversions.  Since recent fish population 
declines occurred during a period of high water exports (see Figure 5), some 
reduction in water exports would likely be required with a canal, at least 
until fish populations recover (Isenberg, et al., 2008a).20  

Infrastructure Solution #3: Seawater Desalination 

To the general public, seawater desalination is often seen as the 
ultimate technological fix for California’s water supply.  California appears to 
be well positioned to harness desalination, with more than 2,000 miles of 
ocean and bay coastline, a large coastal population, and a cutting edge 
technology sector.  Some expect this new technology to become so 
inexpensive that it will soon banish most water shortages and controversies, 
almost reminiscent of the “too cheap to meter” hopes for nuclear power in 
the 1950s.21 

How the Myth Drives Debate 

People point to declining desalination costs and examples from the 
Middle East and Australia where desalination is now used and wonder why 
California isn’t pursuing this solution more aggressively.  As with surface 
storage, they argue for public subsidies to jumpstart desalination 
investments. 

 
 20. Even with significantly reduced exports, some form of peripheral canal is 
likely to be much cheaper for water users (and the state’s economy) than the status 
quo or ending exports.  The analysis on which this conclusion is based allowed for 
export reductions by up to 40 percent relative to a baseline of 6 million acre-feet, 
with costs of a canal of nearly $10 billion in 2008 dollars (Lund, et al., 2008).  If canal 
costs prove to be substantially more expensive, this would lessen the economic 
advantages of continuing Delta exports.   

 21. Lewis L. Strauss, Speech to the National Association of Science Writers 
(Sept. 16, 1954) (“Our children will enjoy in their homes electrical energy too cheap 
to meter. . . .”). 
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The Reality 

Desalination of brackish water (less than thirty percent as salty as 
seawater) is already a proven technology in inland Southern California.  
Seawater desalination might become useful in some situations:  (1) isolated 
coastal urban areas cut off from the state’s wider supply network, such as 
the Central Coast (Cooley, Gleick, and Wolff, 2006); and (2) as a reliable 
partial supply for urban areas dependant on imported water.  Reliability is 
the primary motivation for planned desalination facilities in San Diego and 
Orange Counties, as well as preliminary investigations in the San Francisco 
Bay Area. 

However, seawater desalination faces several obstacles which make it 
unlikely to become a major water source for California in the near future.  
The technology remains expensive and poses some major environmental 
challenges, including trapping (or “entraining”) marine life at intakes, safe 
disposal of brine by-product, and high energy use.  For decades, 
technologists have speculated that inexpensive commercial-scale 
desalination technology would become affordable and commonplace soon 
(White, 1966; Wiener, 1972).  Recent reviews find widely variable 
desalination costs, with desalination of brackish water costing about $400 
per acre-foot to $600 per acre-foot and seawater desalination costing about 
$600 per acre-foot $1000 per acre-foot for large units without unusual brine 
disposal costs (Karagiannis and Soldatos, 2008; Texas Water Development 
Board, n.d.).  For California, current cost estimates are somewhat higher, 
likely reflecting greater costs of brine disposal and environmental mitigation 
for seawater plant location.22  Even with continued technological advances, 
seawater desalination is likely to remain relatively costly for urban uses, and 
is unlikely to become viable for directly supplying irrigation water for 
agriculture (Table 1). 

Replacing the Myth 

Although new infrastructure can contribute to California’s water supply 
solutions, it is not a panacea in terms of costs or environmental benefits.   

Billions of dollars of infrastructure investments are urgently needed, 
but mostly for maintaining or rehabilitating aging facilities (Hanak and 
Barbour, 2005), refurbishing major storage and conveyance systems to 
reduce their environmental impacts (temperature controls on dam outlets 
and more fish-friendly diversions), and improving connections within the 
water system to improve flexibility in operations.  Infrastructure investments 
are usually best financed by local beneficiaries and best employed within a 
portfolio approach to water management, which orchestrates a wide range 

 
 22.  These estimates are wide-ranging and uncertain due to the differences in 
cost accounting methods (with low estimates often excluding subsidies or assuming 
100% capacity utilization), the evolving nature of the technology, and lack of 
experience with large-scale desalination in California (Cooley, Gleick, Wolff, 2006). 
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of actions and includes new infrastructure along with water markets, 
underground storage, reuse, and conservation.  

Myth: We Can Conserve Our Way Out of California’s Water 
Problems. 

Contrary to the expectations of policy makers, on-farm efficiency 
improvements have failed to consistently conserve water on a broader 
geographic scale in real-world practice.  Worse yet, they sometimes 
result in the further depletion of scarce water supplies. 

-Ray Huffaker (2008) 

The Myth 

The water conservation myth implies that California can adapt to 
changing conditions by focusing primarily on water use efficiency to the 
exclusion of other alternatives.  Examples of countries such as Australia, 
where daily residential water use is reported to have fallen to roughly 40 
gallons per capita (“gpcd”) during the recent drought (versus about 145 gpcd 
in California) are used to highlight the scope for savings (Whyte, 2009).23  
The danger with this myth lies in overestimating the real water savings that 
can be achieved through conservation. Adherence to the myth distracts 
discussions from the need for more sweeping changes in water institutions, 
infrastructure, and management. 

How the Myth Drives Debate 

The idea that improvements in urban and agricultural water use 
efficiency could free up enough water for population growth and increased 
environmental use is appealing.  It places blame for water problems on 
other water users (the “villain” myth) while providing a silver bullet solution. 

Environmentalists often promote conservation as an alternative to new 
infrastructure (see the “build our way out” myth).  Following more than a 
decade of financial support to urban water utilities implementing 
conservations measures, California policymakers have recently proposed 
requiring reductions in per capita urban water use by twenty percent, in the 
expectation that this will free up significant supplies for other purposes.24   

The Reality 

Improvements in urban and agricultural water use efficiency have 

 
 23. Residential use is a component of total urban use (estimated at 201 
gallons per capita per day in California in 2005 - see Figure 3), which also includes 
commercial and industrial uses. 

 24. State Water Resources Control Board (2009b) addresses the governor’s 
call for a 20 percent reduction by 2020.  This goal is also addressed in legislation 
proposed in 2009. 
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already helped California adapt to scarcity, and continued reductions in 
water use can help California cope with droughts and shortages (see the 
“running out of water” myth).  Reducing water withdrawals from streams and 
groundwater basins can yield environmental benefits, including improved 
streamflow,25 reduced pollution run-off into rivers, streams, and beaches 
(Noble, et al., 2003), and reduced energy use for acquiring and treating water 
(California Energy Commission, 2005). 

But public policy discussions about water conservation often 
overestimate potential water savings by failing to distinguish between net 
and gross water use.  Net (or “consumptive”) water use refers to water 
consumed by people or plants, embodied in manufactured goods, 
evaporated, or discharged to saline waters.  Once this water is used, it 
cannot be recaptured.  Gross (or “applied”) water use refers to water that 
runs through the taps of a home or business, or is applied to fields - not all 
of which is consumed.  Some of it - known as “return flow” - is available for 
reuse, because it returns to streams and irrigation canals or recharges 
groundwater basins.  Conservation measures often target reductions in 
gross water use.  But because of return flow, net water savings are often 
lower (and never higher) than gross water savings.  Only net water savings 
provide more water. 

In agriculture, achieving significant net water savings generally 
requires switching to crops that consume less water or reducing irrigated 
land area, two measures that typically reduce farm profits and are therefore 
costly.26  By contrast, irrigation efficiency investments, which can increase 
farm profits, may reduce gross water use per acre, but increase net water use 
on farms by making it easier for farmers to stretch their gross supplies 
across additional acres of cropland.27   

Similar issues arise for urban water conservation.  Outdoors, switching 
from thirsty lawns to low-water using plants (a crop switch) can greatly 
reduce net water use.  But reducing landscape overwatering (a reduction in 
gross water use) will only generate net savings if the excess water had not 
previously been recaptured in a stream or a groundwater basin.   

Opportunities for net savings from indoor water conservation depend 

 
 25.  Streamflow improvements can be significant locally even if there are no 
net savings from conservation measures, because return flows do not generally 
return to the same location as diversions.   

 26. Agricultural areas draining to the Salton Sea are a major exception, where 
any use reduction generates net water savings.  For some crops (e.g., alfalfa and wine 
grapes), “stress irrigation” - which strategically waters crops less than normally 
needed - can reduce consumptive use (creating net savings) by ten percent to fifteen 
percent.   

 27. This issue arises because farmers pay for gross, not net, water use.  
Subsidizing irrigation efficiency improvements often encourages these acreage 
extensions.  See Scheierling, et al., 2006; Ward and Pulido-Velazquez, 2008; Huffaker, 
2008; Evans and Sadler, 2008; Clemmens, et al., 2008; Pfeiffer and Lin, 2009. 



 West  Northwest, Vol. 16, No. 1, Winter 2010 

 
33 

 

on location.  Almost all indoor water use returns to the system as treated 
wastewater.  Thus, indoor conservation in coastal areas, which discharge 
wastewater to the sea, produces substantial net water savings.  But indoor 
conservation in Sacramento - where wastewater discharges to the Sacra-
mento River and can be reused by others before reaching the ocean - has 
little effect on California’s net water use. 

Not distinguishing between net and gross water savings in public 
discussions can create unrealistically high expectations for water 
conservation and inaccurate evaluations of the benefits of specific 
conservation measures.  For instance, the large potential savings from urban 
conservation reported in the 2005 California Water Plan Update are gross, not 
net, savings (Department of Water Resources, 2005).  The same is true for the 
governor’s plan to reduce gross per capita urban water use twenty percent by 
2020 (State Water Resources Control Board, 2009); though useful, it would 
produce significantly less than a twenty percent reduction in net urban water 
use. 

Public discussions also frequently fail to acknowledge that water 
conservation has implementation and operating costs, just like other 
actions (Table 1).  Some conservation quickly pays for itself (e.g., reducing 
hot water use through low-flow fixtures saves on both energy and applied 
water) (Gleick, et al., 2003).  But other actions can be quite costly (e.g., 
replacing lawns with low-water landscapes) (Hanak and Davis, 2006).  
Conservation also can reduce the flexibility of urban areas to cope with 
droughts because the greater efficiency of use often reduces the potential 
for inexpensive conservation in times of shortage. 
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Replacing the Myth 

Water conservation is important, but its effectiveness is often 
overstated. 

Substantial reductions in net water use are essential for California.  
Such reductions are likely to arise from increases in the economic efficiency 
of irrigation (where less net water use provides a similar or greater level of 
service, e.g., “more crop per drop”) combined with reductions in water use 
and service levels (e.g., from fallowing irrigated land or seasonally drying 
lawns), and from reductions in applied water use by residents and 
businesses in coastal communities.  As with building new infrastructure, 
conservation should be part of a portfolio approach to water management, 
which is much more likely to be successful in addressing California’s 
complex, locally varied, and evolving water problems (Jenkins, et al., 2004).  

Myth: Water Markets Can Resolve California’s Water 
Problems 

When the well is dry, we know the worth of water. 

-Benjamin Franklin, Poor Richard’s Almanac, 1746 

The Myth 

Water marketing is a silver bullet for many economists and 
businessmen (and some environmentalists) who view voluntary transfers as 
the ideal mechanism to redress supply and demand imbalances that result 
from variable water supplies and long-term shifts in demands.  Markets are 
also the favorite tool of those who view water as a commodity, and water 
rights as a property right like any other.  Like other silver bullet solutions 
(the “build our way out” and “conserve our way out” myths), the dangers of 
this myth lie in failing to see limitations of the approach and missing out on 
opportunities to combine it with other water management actions. 

How the Myth Drives Debate 

The implications of a markets-first approach are two-fold.  First, as 
with conservation, there is a tendency to view other infrastructure 
investments and actions as unimportant.  Second, there is an emphasis on 
removing regulatory barriers to transactions, so that buyers and sellers can 
maximize the movement of water.  As a result, a markets-first approach risks 
limiting the use of other water management actions, even actions which 
would improve the effectiveness of water markets. 

The Reality 

Temporary transfers of water from lower to higher value uses often 
help redress shortages during droughts, and long-term or permanent 
transfers facilitate the evolution of water rights as the economy and climate 
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change.  Transfers also can increase environmental flows.  The development 
of a market in California since the late 1980s has demonstrated the value of 
temporary, permanent, and environmental water transfers (Hanak, 2003; 
Howitt and Hanak, 2005; Hollinshead and Lund, 2006).  Even with 
restrictions on Delta pumping, increased transfers within the San Joaquin 
Valley (which has significant disparities in water rights and agricultural 
productivity) and Southern California (primarily from the Colorado River to 
urban areas) could lessen the economic hardships of drought and water 
shortages (Tanaka, et al., 2008).  With climate change, the ability to transfer 
water from wetter to dryer regions is likely to become increasingly valuable 
(Tanaka, et al., 2006; Connell, 2009).  

However, the idea that transfers alone can redress supply and demand 
imbalances is mistaken; transfers only work well when appropriate 
infrastructure can move water from place to place.  For instance, an ability to 
move water through the Delta is now essential for any water transfers from 
the Sacramento Valley (e.g., conserved water from northern California rice 
farms or stored groundwater or surface water) to cities and farms south of 
the Delta.  During the summer of 2009, this market was curtailed by 
pumping restrictions in the Delta. 

And although some regulatory flexibility is healthy, the most important 
restrictions on transfers are to ensure that water markets avoid major harm 
to other water rights holders, the environment, and the public.  In particular, 
water transfers can cause “third party” effects - physical and financial effects 
on parties other than the buyer and the seller, including other water users 
(people and fish) and the local economy in the vicinity of the sellers.  
California law and local ordinances limit transfers to protect parties 
physically affected by transfers, including downstream water right holders 
and instream beneficial uses (Hanak, 2003; Gray, 1996).  State law and local 
ordinances aim to protect local groundwater users from overdraft due to 
unfettered exports of groundwater.  Such protections essentially prevent 
water from being transferred if other water users or the environment would 
be harmed. 

Financial effects, or “pecuniary externalities,” can result when sales of 
agricultural water reduce or eliminate farming in an area.  Concern over 
negative impacts on the local economy (lower farm employment, 
agricultural input and processing sales, and lower tax receipts) runs high in 
many farm communities.  California law does not protect against these types 
of impacts (though it does require disclosure of sales of more than twenty 
percent of the water in an area).28  Also, water transfers that do not pay a fair 

 
 28. See Section 1745.05 of the Water Code.  In addition, chapter 2.6 of the 
Water Code (sections 380-87) requires the State Water Resources Control Board 
(“SWRCB”) to determine that a long-term transfer will not “unreasonably affect the 
overall economy of the area from which the water is being transferred.”  This section 
of the water code applies only to public agencies, which are also able to use the 
more general water-transfer provisions in chapter 10.5.  The latter do not require the 
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share of the cost of use of conveyance infrastructure can mask the true 
environmental and infrastructure costs of transfers, and result in public 
subsidies for market transactions. 

One of the greatest values of water markets is their role in supporting 
flexibility and cooperation in the management of California’s highly 
decentralized water system (Pulido, et al., 2004).  Water markets are not like 
most commodity markets, where buyers and sellers never meet or negotiate 
directly.  Instead, developing deals - especially for longer-term arrangements 
- typically requires significant collaboration, to sort out safeguards and 
logistics.  Water markets have greatly increased cooperation among water 
districts as those seeking additional water (southern California and Bay Area 
cities and some San Joaquin Valley farmers) pay others to voluntarily 
conserve water (e.g., Imperial Irrigation District), store water (e.g., 
Semitropic Irrigation District), operate conjunctive use programs (e.g., Glenn 
Colusa Irrigation District), reoperate reservoirs (e.g., Yuba County Water 
Authority), or fallow land (e.g., Imperial Irrigation District).  In this sense, 
water markets allow multiple parties to “get better together,” instead of 
fighting over water rights. 

Replacing the Myth 

Water markets provide important incentives for cooperation and 
coordination of a portfolio of water management activities.  Markets alone 
do not produce water.  Water markets often become more economically and 
environmentally effective when coordinated with other water management 
actions (Pulido, et al., 2004; Jenkins, et al., 2004) and rely on well-
established property rights for water that allow for market transactions.   

Instead of seeking salvation from a single solution, a portfolio 
approach, orchestrating a wide range of management actions including 
conservation, water markets, underground storage, and new infrastructure, is 
much more likely to be successful in addressing California’s complex, locally 
varied, and evolving water problems (Jenkins, et al., 2004).  Many water 
agencies have adopted a portfolio approach to long-range water planning, 
which can better balance cost and reliability, much in the same way that 
financial portfolio planning seeks to balance risk and return.  Crafting such 
water management portfolios requires skilled use of data and analysis, 
which has been underdeveloped in the quest for silver bullets, be they in the 
form of infrastructure, water conservation, or water markets. 

 
SWRCB to look at economic impacts on local communities.  To our knowledge, the 
provision in chapter 2.6 has never been used. 
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IV.  Ecosystem Myths 

Myth: Healthy Aquatic Ecosystems Conflict with a Healthy 
Economy 

Nature provides a free lunch, but only if we control our appetites. 

-William Ruckelshaus 

The Myth 

This classic “fish versus people” argument is imbedded in the belief 
that natural resources should be used to generate economic wealth, and 
that any resource not so used is somehow “wasted.”  In this view, 
environmental water uses and healthy watersheds have little or no 
economic value, so allocating water to the environment or imposing water 
quality regulations leads to much greater economic losses than potential 
benefits.   

Though rhetorically convenient for individuals and regions suffering 
from water scarcity or facing costs of implementing water quality 
regulations, this myth overlooks or undervalues the real economic benefits 
of healthy ecosystems.  The dangers are under-investing in environmental 
actions and failing to pursue water management strategies that serve both 
the natural environment and overall economic well-being.   

How the Myth Drives Debate 

The myth of inevitable conflict between economic and environmental 
water uses drives much recent debate over water allocation, particularly 
during times of scarcity (see the “villain” myth).  It also fuels resistance to 
the regulation of polluted runoff caused by urban activities and farming 
operations. 

The Reality 

Environmental regulations often interfere with traditional economic 
activities.  For instance, the recently imposed environmental regulations 
on Delta water exports cost several thousand farm jobs (Howitt, et al., 
2009b), and uncertainties about Delta supplies are raising concerns in 
some Southern California cities about the ability to approve new 
development.29   

Yet environmental water uses also add economic value to California.  
This is not always readily apparent, because the market generally does not 
put a price on environmental flows, healthy watersheds, or the services 

 
 29. See Bowles and Lee (2007, 2008) for approval delays in Riverside County 
and Los Angeles Times (2008) and Steinhauer (2008) for a more general discussion. 
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that they provide (National Research Council, 2005a; Brauman, et al., 
2007).  But new tools are emerging to measure and economically value 
these services (see “Valuing Ecosystem Services”).  For example, instream 
flows support recreational and commercial fisheries, enable water-based 
recreation, and increase water quality (Daily, et al., 1997).  Wetlands and 
healthy watersheds also reduce flood risks.  Watershed protections 
nationally save cities billions of dollars per year in avoided treatment 
costs (Postel and Thompson, 2005); San Francisco alone saves tens of 
millions of dollars per year from receiving water from the pristine Hetch 
Hetchy watershed (Null and Lund, 2006).30  Sacramento Valley rice farming 
has developed substantial mutual benefits with wildfowl (Bird, Pettygrove, 
and Eadie, 2000).  And most people are willing to pay for the continued 
existence of native species and landscapes, even if they may never see 
them (sometimes called a “non-use” or “existence” value). 

One consequence of the failure to put a price tag on environmental 
flows is that many environmental water demands remain unsatisfied.31  In 
addition, public and private decisions often neglect the economic costs of 
environmental effects from traditional agricultural and urban water uses.  
For example, many groundwater basins are contaminated by 
accumulations of nutrients and pesticides from farming or from leaching 
of industrial chemicals (Oster, et al., 1994; California Department of 
Pesticide Regulation, 2009).  Although environmental regulations have 
begun to hold water users, dischargers, and land use agencies responsible, 
others generally bear the costs of the environmental degradation - through 
diminished recreational opportunities, higher drinking water treatment 
costs, greater health risks, increased flooding, and other effects - including 
health risks for wildlife and plants. 

The recent settlement on the San Joaquin River, which will decrease  
agricultural diversions to benefit salmon habitat, provides a good 
illustration of the importance of considering environmental values in water 
management decisions.  The estimated gains in economic value from   

 
 30. Of course, this water quality benefit also comes with the significant 
environmental cost of flooding the Hetch Hetchy valley in Yosemite National Park 
with reservoir construction in the early twentith century. 

 31. A study of environmental water uses for the 2005 State Water Plan found 
that, in 2000 and 2001 (normal and dry years respectively), the state failed to meet 
nine important environmental flow objectives by almost a million acre feet 
(Environmental Defense, 2005).  And whereas urban and agricultural water use 
generally varies by no more than ten to twenty percent between wet and dry years, 
environmental water use can drop by over fifty percent during droughts (Department 
of Water Resources, 2009a). 
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Valuing Ecosystem Services 
Ecosystem services are benefits that ecosystems 
provide to humans.  Healthy rivers and watersheds, for 
example, can provide salmon and waterfowl, whitewater 
for kayakers, and clean drinking water for cities.  The 
Millennium Ecosystem Assessment (2005) gives four 
ecosystem services categories:  
Provisioning Services - providing food and water. 
Regulating Services - sequestering carbon and 
reducing soil erosion. 
Cultural Services - providing recreation and spiritual 
renewal. 
Supporting Services - promoting soil fertility and 
primary production. 
 It was historically difficult to measure and value these 
services, except for the few services (e.g., food) traded in 
the marketplace.  Scientists today, however, are 
developing techniques to estimate how various actions 
will affect ecosystem services and to value those 
services in economic and non-economic terms 
(DeGroot, Wilson and Boumans, 2002; Daily, et al., 
2009).  A recent study by the Science Advisory Board for 
the US Environmental Protection Agency (2009) 
concludes that the government should better integrate 
ecosystem services into decision making and discusses 
a variety of methods for valuing ecosystem services.  
These methods include: 
Measures of Public Attitudes - surveys and focus 
groups that elicit public preferences for ecosystem 
services. 
Economic Methods - methods to estimate how much 
people are willing to spend to avoid losing a service. 
Civil Valuation Methods - public referenda or 
initiatives provide information about how much the 
voting population values particular services. 
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restored flows (in terms of recreation, lower treatment costs, and the 
“existence” value of restored flows) can far exceed farm revenue losses.32 

As California’s economy continues to shift from resource-dependent 
goods production to activities more demanding of environmental quality 
for recreation and other ecosystem services, it will become increasingly 
important to manage water resources for both commercial value and 
healthy ecosystems.   

Replacing the Myth 

Healthy ecosystems provide significant value to California’s economy, 
partially and sometimes fully offsetting their costs to traditional economic 
sectors.  Direct benefits include improvements in recreation, commercial 
fishing, and drinking and agricultural water quality, and indirect benefits 
include improvements in the quality of life in California. 

California must find ways to manage water jointly for environmental 
and commercial benefits.  Better accounting of water use and its economic 
and environmental benefits and costs can help guide policies for watershed 
management.  

Myth:  More Water Will Lead to Healthy Fish Populations 

It takes more than water to restore a wetland. 

-J. B. Zedler (2000) 

The Myth 

Ongoing debates over the peripheral canal, rewatering the San Joaquin 
River, restoring steelhead runs in southern California, federal relicensing of 
hydropower dams in the Sierra, and restoring endangered and threatened 
salmon and sucker fish in the Klamath River all involve a common, 
contentious question:  “How much water do the fish need?”  This question 
stems from the assumption that simply allocating more water will lead to 
healthy fish populations.  Those involved in managing water resources know 
this assumption is wrong.  Yet it remains the primary (if not sole) focus of 
debate, often to the detriment of other, more important factors for species 
recovery.  

 

How the Myth Drives Debate 

The assumption that more water is sufficient to recover fish species 

 
 32. Annual losses in net agricultural revenues were estimated at $14.5 million 
to $38 million, depending on the extent of water marketing.  Environmental benefits 
included $45 million in increased value of recreation, plus improved water quality for 
downstream urban and agricultural users, and non-use value from the restoration of 
the river.  (Hanemann, 2005)  
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simplifies current policy debates, making them manageable for 
decisionmakers and stakeholders.  It is in the interest of utilities and water 
contractors to focus on this issue because it implies that a science-based, 
quantifiable solution exists with reasonable certainty.  It is in the interest of 
the financially strapped fisheries agencies because it allows them to focus 
on monitoring flows using existing stream gauges, rather than expanding 
efforts to measure fish populations.  Elected officials also focus on this 
issue because it is easy to communicate and understand - add more water, 
get more fish, and other water users get the rest.  The result has been a 
discussion of environmental flows disconnected from other fish needs and 
less effective in supporting fish populations. 

The Reality 

The myth that more water is sufficient for healthy fish populations 
rests on a basic truth:  To state the obvious, fish need water.33  Streamflow 
diversions and groundwater pumping have significantly diminished fish 
numbers, with great impacts on Central Valley, Lahontan, Central Coast, and 
South Coast rivers and streams (Moyle, 2002; Moyle, et al., 2009).  Perhaps 
the most striking example is the complete dewatering of the San Joaquin 
River and the resulting extirpation of spring run Chinook salmon (Brown, 
2000; Moyle, 2002).  Clearly, in such cases more water is necessary for 
improving fish stocks. 

But more water alone is rarely sufficient.  The best answer to the 
question “How much water do the fish need?” - one that reflects the reality 
of allocating water to the environment -  is the maddeningly vague “It 
depends.”  Here’s why:   

First, more water is not always better for fish.  If water is of the wrong 
quality - in terms of temperature, sediment, nutrients, and contaminants - it 
does little good and may do harm.  Less water, of better quality, might 
support larger and healthier desirable fish populations.34  Fishes adapted to 
cold, clear waters, such as salmonids, do not benefit from higher releases of 
warm, nutrient-rich water (National Research Council, 2005b).  Alternatively, 
fishes that evolved in warmer waters tend to do poorly when water 
temperatures are made artificially cold by releases from dams (Clarkson and 
Childs, 2000). 

Second, water without sufficient physical habitat does little good and 

 
 33. Californians typically divert and consume much of the flow from the 
state’s major rivers, averaging twenty-five percent of Sacramento River flows and over 
half of flows in the San Joaquin River (Calculations by William Fleenor using 
Department of Water Resources data).  

 34.  For instance, riparian shading and temperature control devices on dams 
can provide water temperatures that support fish without dedicating additional water 
(Null, et al., 2009; Vermeyen, 1997).  See also Welsh, et al., 2001. 
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may cause harm.  Habitat needs connectivity and complexity, along with the 
ability to adjust to changing conditions (Graf, 2001; Zedler 2000).  For 
example, increasing winter and spring flows on leveed or channelized rivers 
cut off from the floodplain provides little benefit and may even harm scarce 
in-channel habitat.  

Third, poorly timed flows can be ineffective or counterproductive.  
Water allocations for the environment should be viewed differently from 
irrigation water allocations, with yearly or monthly allocations at some fixed 
flow rate.  California’s Mediterranean climate has large seasonal, annual, 
and spatial variations in flows, temperatures, and physical habitat.  Few 
efforts to manage ecosystems, much less individual fish species, adequately 
account for this variability when prescribing increases in flow (Baron, et al., 
2002; Moyle, et al., 2009).  

Fourth, many factors can affect wild fish populations, such as salmon 
and steelhead, that migrate between rivers and the ocean.  These factors 
range from ocean conditions, to rates and timing of pumping from the South 
Delta pumping plants, to interactions with fish of hatchery origin (Moyle and 
Bennett, 2008).  Thus, putting more water down a river without addressing 
problems at other locations may not significantly improve fish populations. 

Finally, science simply cannot accurately and precisely predict how 
much water the fish need.  Large uncertainties are unavoidable in assessing 
the magnitude, timing, frequency, and duration of ecological flows.  To 
address these uncertainties, adaptive management strategies, which view all 
environmental flows as experimental and establish procedures for adjusting 
them, will be required (National Research Council, 2004).  To date, no major 
California water projects have successfully implemented adaptive 
management.   

Replacing the Myth 

Native aquatic species need more than water to prosper.  To support 
native fish populations, water flows must have appropriate seasonal and 
interannual variability, abundant and complex physical habitat, high water 
quality, and be protected from the effects of invasive species.   

Effective water policy must pragmatically embrace this complexity.  
Solutions will need to be flexible, account for the natural variability of water and 
the surrounding environment, and account for the complexity of ecosystem 
responses.  Fisheries agencies will need greater resources to adequately 
monitor the effects of changing flows, or they will risk making serious errors in 
flow prescriptions.  Most challenging of all:  effective solutions will require 
greater flexibility and creativity on the part of agricultural and urban water 
providers and may reduce the reliability of water supplies. 
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Myth: Restoring Native Ecosystems is Essential for the 
Recovery of Native Species  

Ecological restoration efforts should aim to conserve and restore 
historical ecosystems where viable, while simultaneously preparing to 
design or steer emerging novel ecosystems to ensure maintenance of 
ecological goods and services. 

-S.T. Jackson and R.J. Hobbes (2009), p. 567 

The Myth 

As demonstrated by the durability of the Endangered Species Act and 
the Clean Water Act, society values native species and healthy ecosystems 
that provide habitat for native species.  Some interpret this to mean that 
California’s native (“natural”) ecosystems must be restored to pre-European 
conditions.  Often, this unattainable ideal has polarized discussions and 
hindered serious environmental management. 

How the Myth Drives Debate 

The notion of “restoration” was a useful guide in the early days of 
environmental management.  Early efforts focused on attempting to 
discover and recreate a pre-development condition that would be suitable to 
support native species.  This ideal is no longer attainable because 
California’s built environment is fully integrated with the natural 
environment, and both are undergoing rapid change (Jackson and Hobbes, 
2009).  While most scientists and policymakers recognize that true 
restoration is not possible, “restoration” remains a flashpoint in public 
debates.  

Rhetorical perpetuation of the myth has three potentially negative 
policy outcomes.  First, for some water users, it becomes an excuse for not 
taking action to protect native species:  if native ecosystems cannot be 
“restored,” how can we save the species that depend on them?  (Or, if we 
can’t restore the Delta to its natural state, why should we waste all the 
money, time, and water keeping delta smelt from going extinct?)  Second, 
for some environmental interests, the myth implies that native species can 
only recover if additional development is stopped and existing development 
is reversed to return the system to pre-development conditions.  But 
restoration efforts based mainly on seeking a return to hypothetical pre-
development conditions will, due to ever-changing conditions, prove 
ineffective at sustaining native species, and keep water supply management 
in turmoil.  Third, and most importantly, the conflict between these first two 
views distracts attention from promising means of managing water that 
serve both the natural environment and societal well-being in the longer 
term. 
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The Reality 

Some features of native ecosystems will be needed to support native 
species. 

However, there are no pristine ecosystems left in California and 
probably not in the world.  For California, pre-development conditions are 
usually considered to be those before the Gold Rush era, which is fairly 
arbitrary because the native peoples also modified the landscapes in major 
ways (e.g., keeping forests open by fire). 

Large numbers of non-native species and changes in land and water 
development have irrevocably altered California’s ecosystems, and will 
continue to effect changes in the future.  Wilderness areas still retain human 
recreational and other uses, while supporting non-native plant and animal 
species.  Our forests and rivers have to be continually managed to provide 
the high-value ecosystem services we expect from them.  Indeed, many 
services, such as fisheries or erosion control, come from non-native species.  
Thus even contemporary “natural” ecosystems can be very different in 
species composition than they were historically, depend on human 
intervention, and continue to change.  But the native species that are 
maintained in such systems are often our most sensitive indicators of the 
condition of the ecosystems. 

Instead of aiming to restore native ecosystems, we can usefully apply 
our perceptions of the historical systems to set guidelines for maintaining or 
even recreating functional environments.  There is growing recognition that 
ecosystems that function in more “natural” ways provide many services that 
are valuable to humans and native species (see the “ecosystems versus 
economy” myth).  Thus the restoration of flows to the lower Owens River not 
only recreated habitat for the Owens tui chub and for a trout fishery, but 
reflooded alkaline Owens Lake.  This reduced toxic dust blown by storms 
from the surface of the dry lake, which threatened human health over a wide 
area.  However, the ecosystem that provides these services today is different 
in many ways from the ecosystem that once existed in the same area.  The 
trout fishery in the Owens River, for example, is for brown trout, a species 
imported from Europe.  Most ecosystems in California are similar in this 
respect. 

While the restoration myth seems to exist more in rhetoric than in 
reality, the myth still very much colors the debate on how to manage 
ecosystems into the future, achieving a balance between commercial 
benefits to humans and benefits to wild organisms.  Aesthetically, we know 
in a general sense what we want:  unpolluted streams that flow with clear 
cold water through shady forests and estuaries and lakes with abundant fish 
and birds without mats of noxious algae or floating garbage.  But the exact 
characteristics of such ecosystems tend to be vague both in people’s minds 
and in policy.  Rather than talking about restoration as the universal goal for 
ecosystem and habitat protection, it might be more useful to focus on 
reconciliation as the goal, where reconciled ecosystems possess the 
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desirable aesthetic traits and wild species but are well integrated into 
human landscapes (Rosenzweig, 2003).  

The concept of reconciliation as the underlying idea of our interactions 
with the environment recognizes that we humans are committed to large-
scale ecosystem management for our own benefit and those of native 
species.  It recognizes that we need healthy ecosystems but that the nature 
of these ecosystems will be determined largely by our actions.  For 
California water policy, this means, for example, that we need to make 
decisions about how we want our aquatic ecosystems to look and work.  
While we talk about flows being “restored” to the San Joaquin River, for 
example, we are in reality creating a very different river from the historical 
river that once existed in the San Joaquin Valley.  The reconciled river will no 
longer be dry and will have small salmon runs, but it will also contain many 
non-native species and flow through constructed channels in many places.  
In managing this river in the future, we will constantly be making decisions 
to favor different organisms and even different aesthetic values.  But the 
basic template for the reconciled river is being laid down now.  This is not a 
bad way to approach future “restoration” projects. 

Replacing the Myth 

Tomorrow’s healthy ecosystems, though resembling natural systems in 
some ways, will depend heavily on continued human management and have 
different species composition than historic ecosystems.  

Managing the system for the benefit of native species often works to 
benefit humans as well, especially from a long-term perspective.  As 
California’s economy continues to shift towards activities that demand high 
environmental quality for clean water, recreation, and other ecosystem 
services, it will become increasingly important to manage water resources 
for both commercial value and healthy ecosystems.  But the healthy 
ecosystems of the future will not be identical to those of the past and many 
will need to be quite different. 

Some of the characteristics of reconciled ecosystems would include:  
(i) provision of ecosystems services such a clean water, recreation, and 
fisheries, (ii) high aesthetic value (which can change through time; what we 
value highly today may not be the same as what future generations will 
value), (iii) resiliency - a high ability to absorb disturbance while 
maintaining basic ecosystem structure and function (Walker and Salt, 2006), 
and (iv) self-sustaining populations of desirable species, especially native 
species. 
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V. Flood Management Myth 

Myth:  Current Flood Protection Standards Keep 
Communities Safe 

Hazard always arises from the interplay of social and biological 
systems; disasters are generated as much or more by human actions as 
by physical events. 

-Gilbert White (1978) 

The Myth 

Federal law generally restricts urban development and requires that 
property owners have flood insurance within a designated “100-year” 
floodplain (having more than a 1-in-100 chance of flooding in any single 
year).35  This policy framework has fostered the myth that current flood 
protection standards keep communities safe.  The danger in this myth lies in 
encouraging new development in high risk areas and lulling existing 
homeowners into thinking they are safe and don’t need flood insurance 
outside of the 100-year floodplain. 

How the Myth Drives Debate 

Since the introduction of new federal policies in the 1960s, 
communities have sought to avoid development restrictions and the need 
for flood insurance for their residents by making investments to meet the 
new minimal federal standards of protection.  As a consequence, billions of 
dollars of flood management infrastructure - including levees, dams, by-
passes, and other river modifications - have occurred under the mistaken 
belief that they provide safety for new development.  Adhering to this myth 
allows public officials and land development interests to accept minimal 
levels of flood protection at little risk to themselves.   

This policy also has also encouraged the ecological separation of 
floodplain land from rivers and discouraged land uses, such as farming, open 
space, and wildlife habitat that might be more compatible with occasional 
floodplain inundation.  As is common in coastal hurricane areas, but so far 
not widely successful in California, raising and otherwise making structures 
resistant to flooding can sometimes reduce flood damages with less 
investment in flood protection infrastructure and environmental damage. 

 
 35. In the 1960s the federal government established the National Flood 
Insurance Program (NFIP) and set national minimum standards for the performance 
of federally-supported flood control projects.  To qualify for flood insurance, 
communities must restrict new development from the reach of floodwaters in the 
“100-year flood” (the flood with a 1-in-100 chance of occurring in any single year).   
Owners, in turn, must generally only hold flood insurance for properties within 
Special Flood Hazard Areas (SFHA), deemed to have a higher likelihood of flooding. 
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The Reality 

In all but the wettest years, California’s flood management systems 
prevent significant flood damage or loss of life.  The federal requirements 
force communities to acknowledge the possibility of flooding, even if they 
have yet to experience a large, damaging flood. 

But in the aggregate, traditional investments in flood infrastructure, 
while decreasing flood frequency, often increase flood risk by creating a false 
sense of security (White, 1945; Carolan, 2005; Pinter, 2005, Montz and Tobin, 
2008).  The underpinnings of the myth that our flood protection standards 
keep communities safe lie in how we manage for risk, our perceptions of 
risk, and the way traditional flood infrastructure increases risk (Mount, 1995; 
Carolan, 2005; Galloway, et al., 2008). 

Federal standards provide only a uniform standard for frequency of 
flooding and neglect economic and social consequences from flooding.  
Measures of economic risk consider both the likelihood of flooding and its 
consequences, such as property damage, loss of life, and broader economic 
disruptions (Helm, 1996; Plate, 2002).36  With uniform flood frequency 
standards, densely populated urban communities on a deep floodplain (with 
flood depths over house eaves, risking loss of life) are regulated in the same 
way as suburban communities on a flood terrace (flooding to the doorstep 
without loss of life).  As an illustration, Figure 6 shows flood depths for the 
Sacramento area in the event of levee failure.  Under the federal standards, 
shaded properties are considered to have the same levels of protection, 
even though they face flood depths ranging from just one foot to over ten 
feet.  An economic risk calculation would account for differences in damage 
exposure and require higher protection in areas with higher losses from 
flooding (Van Dantzig, 1956; Zhu, et al., 2007). 

In general, the federal minimal standards are quite low for areas with 
significant economic value at risk.  Here it is useful to think in terms of how 
the residual, or remaining, flood risk37 varies with different levels of flood 
protection.  In an area with $1 billion of potential economic flood damages 
(roughly the potential damage for a community of 5,000 homes having 
potential losses of $200,000 per home), a 1-in-100 year level of protection 
has a residual risk of $10 million per year ($2,000 per year per household).  
Even a 1-in-500 year level of protection retains a flood risk of $2 million per 
year ($400 per year per household). 

The focus on achieving a weak frequency standard misleads 
policymakers and the public into thinking that floods are adequately 
managed (James and Singer, 2008).  This misperception often leads to 

 
 36. This risk is defined as the product of the annual probability of each flood 
size (the flood frequency) and the economic costs of that flood. 

 37. Residual risk is the risk from flows exceeding the flood design capacity or 
the failure of flood management infrastructure before the design capacity is reached 
(Green, 2004). 
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additional economic development on floodplains, further increasing already 
high residual flood risks.  If raising flood protection for agricultural land 
(with a damage potential of $2,000 per acre) from 1-in-50 years to 1-in-200 
years results in urbanization of that land (raising the damage potential to $1 
million per acre), annual flood risk rises from $40 to $5,000 per acre.38  This 
process has occurred time and again in the fast-growing Central Valley. 

FIGURE 6: 

Flood depths in the Sacramento region 

Source:  Sacramento Area Flood Control Agency (www.safca.org) 

Financial incentives for flood infrastructure compound this problem, 
because state and federal governments have paid for most flood 
infrastructure, making it relatively affordable for communities to attain 

 
 38. $40 per acre-year = 0.02 per year*$2000 per acre; 

  $5,000 per acre-year = 0.005 per year * $1,000,000 per acre  
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minimal federal standards.  In addition, local governments in the Central 
Valley face skewed incentives since a 2003 California appellate court 
decision, which holds the state liable for damages from failures of state 
levees, even though local governments are responsible for land use 
decisions and most levee maintenance (Department of Water Resources, 
2005b).  This encourages local agencies to promote development in flood-
prone areas, with the state bearing most flood liability. 

Flood-prone development also is encouraged by human tendencies to 
discount risk.  Personal experience is the most important factor shaping 
both perception of and response to flood risk, but length of time since 
previous flooding also plays a critical role.  This “flood memory half-life” 
problem is well illustrated by the number of California residents that 
purchased flood insurance following the Central Valley floods of 1997 
(Hanak, 2008).  Immediately afterward, per capita flood insurance purchases 
doubled (to four percent of properties), but largely returned to pre-flood 
levels by 2005, despite no notable reductions in flood risk.  Similarly, 
politicians are most likely to push for better flood protection soon after 
flood events.  More proactive risk communication, including public 
disclosure of risks in areas protected by levees, would encourage insurance 
purchases.39  

Since federal standards and procedures are unlikely to change, the 
onus is on the state to develop a better flood policy framework.  A set of 
bills signed into law in 2007 takes some steps in this direction, by tightening 
the flood frequency standard to a 200-year flood for future urban 
development in the Central Valley, making local governments share liability 
with the state, and requiring communities to incorporate flood hazard 
reduction in their general plans.  But state policy still relies on a uniform 
flood frequency standard.  Moreover, the new flood policy only applies to 
the Central Valley and not the densely populated regions of southern 
California and the Bay Area that remain at high risk of flooding.  A more risk-
based statewide flood management system, such as that used by the 
Netherlands, where risk-based analysis was used to establish a 1-in-10,000 
year event protection level for urban areas (Woodall and Lund, 2009), would 
require new legislation as well as better technical data and changes in 
management approaches.  

 
 39. Hanak and Reed (forthcoming) find that the introduction of disclosure 
rules for SFHA status upon home sale increases insurance uptake by about 15 
percentage points. 
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Replacing the Myth 

No level of levee or reservoir investment can eliminate risk from 
floods. 

Any levee can fail, no matter the design level of protection, and any 
historical floodplain can flood under the wrong circumstances, even when 
combined with upstream reservoirs and flood by-passes.  California should 
move toward a policy focusing on risk-based management and improve the 
communication of risk to floodplain residents. 

VI.  Governance and Legal Myths 

Myth: California’s Water Rights Laws Impede Reform and 
Sustainable Management 

It is revolting to have no better reason for a rule of law than that so it 
was laid down in the time of Henry IV.  It is still more revolting if the 
grounds upon which it was laid down have vanished long since, and 
the rule simply persists from blind imitation of the past. 

-Oliver Wendell Holmes, Jr. (1897) 

The Myth 

This myth promotes the idea that California cannot effectively address 
its current and future water challenges because of its system of archaic and 
entrenched water rights.  In this view, century-old water allocations and 
rules still dominate California water law.  So, for example, inefficient water 
uses are insulated from regulation except in the most egregious cases of 
waste.  Likewise, seriously degraded aquatic ecosystems cannot receive 
sufficient water because of longstanding water and contract rights.  Belief in 
the rigidity of California water law has been a major impediment to 
improving water policy and management. 

How the Myth Drives Debate 

Many impartial observers of California’s water rights system believe in 
this myth, but it is also perpetuated by those who stand to lose from 
changes in their water rights.  Thus, many groundwater users argue that the 
state has no authority to regulate their actions, and senior surface water 
rights holders furnish legal objections to being held accountable for 
environmental water flows.  Water rights holders and water contractors often 
contend that the government must pay them just compensation for 
restrictions on their water use required to protect endangered species or 
water quality.  The difficulties of major legislative or constitutional reforms 
of water rights and the potential costs of compensation can appear as 
insurmountable obstacles to reform.   
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The Reality 

California’s system of water rights is a complex, often confusing, and 
sometimes incoherent amalgam.40  Challenges to water use efficiency and to 
existing allocations of water can be problematic, both because of costs and 
delays of adjudication and because water and contract rights to water 
service are “property” under the California and federal constitutions and 
cannot be “taken” unless the government pays just compensation to the 
owners.41   

However, California water law embodies far more flexibility and 
potential for reform than is often understood.  Far from being an absolute 
form of private property, water rights are shaped and constrained by a 
variety of rules designed to ensure that all water uses are reasonable and 
promote the public interest. 

The “reasonable use” requirement of California’s Constitution is the 
foundation of the state’s water rights system and applies to all water rights.42  
The California Supreme Court has held that “no one can acquire a vested 
right to the unreasonable use of water” (Barstow v. Mojave Water Agency, 2000; 
National Audubon Society v. Superior Court, 1983).  Consequently, the state may 
enforce the reasonable use mandate without running afoul of the 
constitutional ban on “taking” property.43  Water users, as well as individual 
members of the public, have the authority to challenge an existing water use 
as unreasonable. 

Reasonable use is a dynamic principle that responds to changes in 
hydrology, technology, scientific information, water demand, and economic 
and social conditions (Environmental Defense Fund v. East Bay Municipal Utility 
District, 1980).  The determination of reasonable use “depends on the entire 
circumstances of each case” and cannot be resolved in isolation from critical 
statewide considerations.  As water becomes increasingly scarce, a 
paramount consideration is the “ever increasing need for the conservation of 
water” (Barstow v. Mojave Water Agency, 2000). 

 
 40. These rights include riparian rights, pre-1914 appropriative rights, 
permitted and licensed water rights, prescriptive rights, pueblo rights, overlying and 
appropriative groundwater rights, and contract rights (Littleworth and Garner, 2007). 

 41. “Indeed, some courts that have adjudicated recent water rights takings 
claims have been confused by the complexities of the state’s water rights system or 
deterred from addressing the most fundamental issue in such cases:  whether the 
claimants have protectable rights under California law to divert or use water in 
situations where the exercise of the water right is harmful to water quality, fish, or 
other instream beneficial uses (Casitas Municipal Water Dist. v. United States, 2008; 
Stockton East Water Dist. v. United States, 2009). 

 42. The requirement appears in article X, section 2 of the Constitution and 
extends to groundwater and pre-1914 surface water rights that otherwise fall outside 
the State Water Resources Control Board’s permit and license jurisdiction (Barstow v. 
Mojave Water Agency, 2000; National Audubon Society v. Superior Court, 1983).   

 43. Joslin v. Marin Municipal Water District, 1967. 
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The public trust doctrine further contributes to the flexibility of 
California’s water rights system.  The state has both the authority and the 
“affirmative duty . . . to protect public trust uses whenever feasible” (National 
Audubon Society v. Superior Court, 1983).  This means that the state “has the 
power to reconsider allocation decisions” even after it has awarded a water 
right.  Like the reasonable use requirement, the public trust doctrine is 
dynamic and “sufficiently flexible to encompass changing public needs” 
(Marks v. Whitney, 1971).   

The flexibility inherent in these fundamental rules of California water 
rights law has enabled the state to address inefficient or outdated water 
uses in a variety of settings.44  The doctrine of reasonable use may support 
several necessary changes in California water policy, including:   

1) Prevention of waste and improvement in water use efficiency 

A property right in water wholly depends on its reasonable use.  The 
state has authority to declare a variety of water practices unreasonable, even 
if they were considered acceptable in the past.  These may include excessive 
evaporative and conveyance losses, inefficient irrigation techniques, failure 
to adopt or to implement best management practices, and perhaps other 
profligate uses such as the irrigation of water-intensive crops and 
landscaping, failure to install low-flow water appliances, and continued 
reliance on imported water instead of using cost-effective alternatives such 
as demand reduction, use of recharged groundwater, and recycling of 
reclaimed wastewater.  This would not constitute a “taking” for which the 
state would need to pay just compensation. 

2) Creation of incentives to enhance water allocation efficiency 

The state may wield the unreasonable use determination as an 
incentive for more efficient water use and allocation. One of the premises of 
the modern water transfer statutes is the creation of economic incentives for 
the reallocation of conserved water and water for which the transferor can 
earn more revenue in transfer than in its own use. Enforcement of the 
reasonable use mandate to induce these types of transfers is consistent with 
these statutes and should become a more prominent component of 

 
 44 To date, the State Water Resources Control Board and the courts have 
applied article X, section 2 to declare unreasonable excessive use of water by 
riparians in light of new, competing appropriations for municipal water supply; 
wasteful conveyance losses to supply senior appropriative rights; simultaneous, 
aggregate diversions by riparians and appropriators that created critical shortages of 
water needed to protect wine grapes; maintenance of unexercised riparian rights at 
full priority in an over-appropriated watershed; inefficient conveyance and 
production of excessive tailwater by pre-1914 appropriators that caused flooding of 
adjacent lands; an upstream point of diversion that threatened recreational and 
other instream uses downriver; the storage and diversion of water that jeopardizes 
compliance with water quality standards, the public trust, and other in situ beneficial 
uses; and excessive use of groundwater by overlying landowners in an overdrafted 
basin (Gray, 1994b & 2002). 
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California’s water use efficiency and reallocation strategy. 

3) Compliance with environmental standards and protection of the 
public trust 

The reasonable use doctrine also helps to implement and enforce the 
public trust and the other environmental laws that protect water quality, 
endangered species, aquatic habitat, and other in situ uses.  These laws 
establish fundamental limitations on the amount of water that water right 
holders and their derivative users may impound and divert from California’s 
rivers, lakes, and estuaries.  They also restrict the quantity and types of 
return flow and effluent that water users may discharge back into the state’s 
water systems. Because there is no valid property right in an unreasonable 
use, when the state acts to abate water practices that unreasonably harm 
the environment it may do so without payment of just compensation. 

Replacing the Myth 

The legal tools for reform are already present in California’s water 
rights laws.  Indeed, they have been there for many decades.  We just have to 
use them.  

The state legislature, as well as state agencies, courts, and private 
water users, have significant authority under current water law to meet the 
myriad challenges facing California.   

However, strong leadership will be required to overcome resistance to 
change.  The SWRCB needs political support and an adequate budget to 
supervise and to promote the reasonable use of water.  And California needs 
to begin requiring the full range of water rights holders to disclose their 
water use.  Accurate and current information about surface and groundwater 
use is essential to the task of better managing the state’s water resources. 

Myth: Groundwater is Separate from Surface Water 

California is the only western state that still treats surface water and 
groundwater under separate and distinct legal regimes. . . . As the 
present case illustrates, classification disputes in this field quickly take 
on an Alice-in-Wonderland quality because the legal categories (e.g., 
“subterranean streams flowing through known and definite channels,” 
“percolating water”) are drawn from antiquated case law and bear little 
or no relationship to hydrological realities. 

North Gualala Water Co. v. State Water Resources Control Board 
39 Cal. App. 4th 1577, 1590 (2006) 
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The Myth 

Water pumped from the ground is a major component of California’s 
water supplies, accounting for roughly one-third of all agricultural and urban 
water use in years with normal rainfall, and considerably more in dry years.45  
It is widely understood that ground and surface waters form a hydrologically 
connected system in much of the state.46  Yet the conventional 
understanding in California water policy is that groundwater and surface 
water are legally distinct, with groundwater rights and regulation 
fundamentally separated from surface water rights and regulation.  Like the 
myth of inflexible water rights, this understanding contains elements of 
truth, but also misses important aspects of current California law that would 
allow for more effective, integrated management of water resources. 

How the Myth Drives Debate 

The myth that these two types of water are legally distinct has 
exacerbated two central problems of contemporary California water 
resources management.  It has prevented water managers and regulators 
from accounting for the effects of groundwater withdrawals on surface water 
supplies (and vice versa).  It also has allowed policymakers to tolerate serious 
cases of groundwater overdraft and indirect withdrawal of surface waters 
because of the perceived difficulties of applying to aquifers rules commonly 
accepted as essential components of surface water regulation. 

The Reality 

The state’s modern water code, enacted in 1913, does indeed create an 
artificial separation between groundwater and surface water rights.  The 
Water Commission Act of 1913 created a permit and license system only for 

 
 45. The balance consists of surface water flowing in rivers and streams (and 
often stored behind dams).  Recycled wastewater accounts for less than one percent 
of the total used by farms and urban areas.  

 46.  Hydrologists, water managers, and most water users have known for 
decades that surface streams and underlying aquifers are physically integrated 
systems in most of California (Bredehoft, Papadopulos, and Cooper, 1982; Harter, 
2003).  Before extensive water resources development occurred in the latter half of 
the nineteenth century, groundwater in the Sacramento and San Joaquin Valleys was 
in a rough balance with surface streams.  High winter and spring surface flows, 
especially at higher elevations, would push some stream flow into aquifers.  In 
summer and early fall, these higher aquifer levels would increase base flows to 
surface streams (Harou and Lund, 2008).  As development and use of these water 
resources increased, surface water recharge of the aquifers diminished; and as 
groundwater levels fell, the aquifers reduced flows to surface streams.  Although 
increased pumping during much of the twentith century has reduced the flows 
between groundwater and surface water resources (Fleckenstein, et al., 2004), 
infiltration from surface streams remains important for groundwater recharge 
(Harter, 2003).  Deep percolation of irrigation return flows - the amount of water in 
excess of plant needs - also contributes to recharge. 
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surface water and “subterranean streams flowing through known and 
definite channels.”47  The statute has been consistently interpreted as not 
applying to “percolating” groundwater - regardless of the hydrologic 
relationship between such groundwater and surface water resources.  Most 
other states have legal and regulatory systems that provide much more 
integrated management of surface and underground waters.48   

Nevertheless, integrated management of hydrologically connected 
groundwater and surface water is in fact a prominent feature of 
contemporary California water policy, recognized by all three branches of 
state government:   

• The foundational directive of state groundwater rights law - that 
aggregate withdrawals not exceed the safe yield of the aquifer - recognizes 
that groundwater basins are recharged principally by surface water sources, 
including percolation from precipitation, surface streams, residual water 
from urban and agricultural uses, and managed recharge (e.g., Los Angeles v. 
San Fernando, 1975).  

• The Legislature has created several special water management 
districts (in Orange, Santa Clara, and Ventura Counties) with authority to 
regulate groundwater extractions and impose pumping charges to reduce 
economic incentives to overdraft and to pay the costs of imported surface 
water supplies (Schneider, 1977).   

• Most judicial decrees in the nineteen adjudicated groundwater 
basins authorize similar types of conjunctive water management 

 
 47. Although early California law and policy are often credited with ignoring 
the hydrologic interrelationships between groundwater and surface water, the record 
is more ambiguous.  The California Supreme Court’s first important twentith century 
groundwater rights decision, Katz v. Walkinshaw (1903) is famous for its adoption of 
the basic rules of groundwater rights that remain the law of the state to this day:  
overlying landowners have first call on the waters of aquifers beneath their lands, 
followed by non-overlying users in order of their priority of appropriation.  Less 
remembered is the Court’s recognition that groundwater and surface water resources 
most often occur as single, integrated systems.  Although the Court acknowledged 
that it “is usual to speak of the extraction of this water from the ground as a 
development of a hitherto unused supply,” in fact groundwater pumping may cause 
“an exhaustion of the underground sources from which the surface streams and other 
supplies previously used have been fed and supported.”  In a review of the legislative 
record for the Water Commission Act of 1913, Sax (2003) concluded that the 
Legislature intended to grant the Water Commission (predecessor to the State Water 
Resources Control Board) regulatory jurisdiction over the “pumping of groundwater 
that appreciably and directly affected surface stream flows.” 

 48. Under Colorado law, for example, all groundwater is presumed to be 
“tributary” - i.e., hydrologically connected to surface water - unless the groundwater 
user can prove that its pumping will have only negligible effects on surface water 
sources.  Arizona strictly limits the withdrawal of groundwater in areas of critical 
overdraft.  Other states, including Montana, New Mexico, Nevada, Oregon and Utah, 
have permit systems governing the appropriation of groundwater and surface water 
(Sax, et al., 2006). 
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arrangements (Blomquist, 1992).   

• The California Supreme Court recognized in the Los Angeles 
groundwater adjudication that the city’s pueblo water rights in the Los 
Angeles River extend to all hydrologically connected groundwater (Los 
Angeles v. San Fernando, 1975).  

• The legislature authorized the SWRCB and the courts to 
adjudicate all groundwater and surface waters of the Scott River System as a 
single hydrologic resource, and the decree in that case manages 
groundwater and surface water uses as an integrated system (Schneider, 
1977; Department of Water Resources, 2003). 

• The California Supreme Court adjudicated all groundwater and 
surface water rights in the Mojave River basin adjudication and affirmed a 
decree based on the importation of surface water to recharge the aquifer to 
support groundwater uses (Barstow v. Mojave Water Agency, 2000). 

• In an unusual move, the SWRCB recently began limiting total 
withdrawals (including groundwater) to help maintain flows in the Russian 
River (State Water Resources Control Board, 2009a). 

In addition, numerous less formal methods are employed for 
managing surface and groundwater resources jointly.  Many water districts 
in the Central Valley seek to reduce groundwater overdraft by setting the 
price of surface water supplies to be slightly below the costs of pumping 
groundwater.  This encourages farmers to use surface waters in wetter years, 
both to reduce groundwater withdrawals and to promote aquifer recharge 
(Vaux, 1986; Jenkins, 1991; Bredehoft, et al., 1995).  In Kern County and other 
areas, regional water managers have established sophisticated groundwater 
banking projects, which store native and imported surface water for local 
and export uses (Thomas, 2001; Hanak, 2003). 

But problems remain.  Groundwater banking is hindered in basins 
where parties cannot agree on accounting and management protocols - a 
problem in much of the Central Valley.  Under current state law, it is 
possible to transfer surface water and make up the difference by pumping 
groundwater, even if the additional pumping reduces stream flows - a 
concern in much of the Sacramento Valley (Gray, 1994b).  A similar issue can 
arise with the regulation of environmental flows.  When the SWRCB 
instructed surface water users along the Russian River to reduce diversions 
to protect endangered steelhead in 2008, increased groundwater pumping 
limited the effectiveness of the regulation, prompting the Board to set 
overall conservation targets, as noted above.  More integrated legal 
treatment of groundwater and surface water is key to resolving these types of 
problems. 

Reform by legislation, rather than through ad hoc judicial or 
administrative determinations, is desirable because integrated 
administration of groundwater and surface water rights in each hydrologic 
basin will require comprehensive analyses of the volume and movement of 
water within the aquifers, the effects of groundwater pumping on surface 
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water supplies, the sources and rates of surface water recharge, the effects of 
surface water diversions on groundwater recharge, the relative contributions 
of native and imported surface water sources, the appropriate ordering of 
priorities among groundwater rights and surface water rights in the newly 
integrated systems, and other factors.  But as noted in the preceding myth, 
even without new legislation, the SWRCB and the courts have authority 
under the reasonable use and public trust doctrines to limit groundwater 
withdrawals that unreasonably affect surface water resources or impair the 
public trust in surface streams and lakes.  

Replacing the Myth 

Despite the long-standing legal distinction between ground water and 
surface water rights, California’s groundwater and surface water resources 
are often closely interconnected and managed conjunctively. 

With population growth and increasing demands for environmental 
flows, California is likely to experience increasing conflicts in areas where 
groundwater and surface water are governed separately and continuing 
overdraft of aquifers as demands for water rise and usable surface supplies 
diminish.  Although all branches of government have taken actions to 
integrate these water resources in various parts of the state, legislative 
reform is desirable to better integrate the administration of groundwater 
and surface water statewide.   

Myth: We Can Find a Consensus that Will Keep All Parties 
Happy 

Consensus means that lots of people say collectively what nobody 
believes individually. 

-Abba Eban 

The Myth 

This myth is a modern-day reaction to the idea that California’s water 
problems will always result in “water wars” - hard-fought battles between 
opposing parties that result in winners and losers, most often decided by 
the courts or public referenda.  Achieving consensus is seen as an 
alternative way to balance the many competing interests, views, and goals of 
different stakeholders.  But when consensus processes avoid inevitable 
tradeoffs in water management, they can lead to ineffective incrementalism 
and indecision on critical water policy issues. 

How the Myth Drives Debate 

Consensus-based decision-making was popularized during the 
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CALFED49 decade, from the mid-1990s to the mid-2000s, when diverse 
parties sought mutually compatible solutions for the environmental, water 
supply, and land use problems of the Delta under the slogan “we will all get 
better together.”  Although that process is widely considered to have failed 
in achieving its primary goals, consensus-based decision-making continues 
as the hallmark of stakeholder-driven planning and policy processes.  Many 
stakeholders support the idea of consensus processes to be sure they get a 
seat at the bargaining table so they can defend their interests and stall or 
veto unfavorable decisions.   

The Reality 

Consensus is most promising where incremental changes to the status 
quo can allow all parties to improve their position without sacrificing 
fundamental interests or positions.  For instance, the state’s new recycled 
water policy was developed through a collaboration of regulators, water 
users, and environmentalists (State Water Resources Control Board, 2009c).  
Similarly, the California Urban Water Conservation Council (a group of water 
utilities, agencies, and environmental organizations) has had good success 
in fostering urban water conservation actions across the state. 

However, many major water policy choices facing California will not 
result in win-win outcomes, and will require some groups to relinquish 
fundamental positions or interests.  A peripheral canal can benefit the 
economy and the environment, but will likely accelerate water quality losses 
for some Delta farmers, and it makes it less likely that the state will provide 
large subsidies to shore up all of the Delta’s aging levees (Lund, et al., 2008).  
Taxpayer-financed surface storage will benefit some water users and perhaps 
also some fish, but it will mean higher taxes or lower public spending on 
other programs (such as education).  Some environmental actions may 
largely benefit future residents, at some cost to current residents.  Seeking 
consensus on all water policy matters runs the risk of maintaining the status 
quo, rather than making hard choices. 

Most large stakeholder-driven processes seek small incremental 
changes in the status quo, because large changes threaten too many 
interests (Lindblom, 1959, 1979).  This risk avoidance is especially 
problematic when decisions must be made with some urgency and 
incremental options are decidedly inferior (Coglianese, 1999; Lomas, 1991).  
Such was the experience with CALFED for the Delta, and it is a commonly 
cited problem with decentralized decisionmaking (Little Hoover 
Commission, 2005; Goodhue, Simon and Stratton, 2009; Hanemann and 

 
 49. CALFED was a program to address the various problems facing the Delta, 
bringing together the various state and federal agencies overseeing water supply, 
water quality, and species management.  Although stakeholders from various 
interest groups were not formally represented in the CALFED governing structure, 
their participation was an essential part of negotiations leading up to the 
development of a Record of Decision (and an investment plan) in 2000. 
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Dyckman, 2009).  Within a system of decentralized interests and governance, 
leadership from state and/or federal authorities is often needed to chart 
strategic new directions. 

Placing a consensus process within a legal, regulatory, or political 
framework and timeline can motivate parties to be more earnest and timely 
in seeking consensus solutions.  For instance, the accord on restoring flows 
to the San Joaquin River was reached by farmers and environmentalists 
under the threat of a court-ordered solution.  If consensus processes fall 
short, some tough decisions need to be brokered by higher level authorities, 
with an aim to achieve significant buy-in, rather than to make all parties 
happy. 

Acknowledging inevitable tradeoffs does not mean ignoring the 
consequences for affected parties.  When the best overall solutions involve 
losses to fragile groups, side payments - in cash or in kind - can help soften 
the costs of adjustment.  Incentive payments are likely the best option for 
Delta landowners facing eventual loss of some islands to flooding (Lund, et 
al., 2007, 2008).  Financial payments have softened effects of structural 
changes in the economy with severe ramifications for some industries (e.g., 
textiles, logging), and similar strategies have been used to address the 
financial impacts of water transfers in some California farm communities 
(Hanak, 2003).   

Replacing the Myth 

Consensus is not always feasible for achieving sustainable water policy 
outcomes.  For some big decisions, tradeoffs are inevitable and higher level 
authorities need to provide direction and motivation, and to mediate 
conflict. 

Although decentralized decisionmaking can be highly effective for 
many local and incremental water management decisions, matters of 
broader public importance, involving many historically confrontational 
interests, will require strong state and/or federal leadership to broker 
solutions and achieve significant buy-in.  Finding ways to acknowledge and 
address consequences to affected parties - without ceding to unreasonable 
calls for compensation - is a central challenge for California’s water future.  
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VII.  Moving Beyond Myth 

People would rather live with a problem that they cannot solve than 
accept a solution that they cannot understand. 

-Woolsey and Swanson, 1975 

California faces major challenges in establishing a sustainable path for 
water resource management in the twenty-first century, as continued 
population growth, unmet environmental demands, and climate change will 
pose increasing strains on the state’s usable water resources, raise costs and 
heighten already substantial conflicts among various interest groups.  
Fortunately, California’s innovative water resource sector will help meet 
those challenges.  Numerous local and regional water supply, quality, and 
flood control agencies actively experiment with solutions and learn from 
each other to adapt to changing conditions and opportunities.   

Yet a significant downside of this decentralized system is the limited 
extent to which information is collected, shared, and analyzed on matters of 
statewide importance.  This setting fosters the persistence of water myths - a 
collection of partial truths, oversimplifications, outdated notions, and 
misperceptions - which distort policy debates and impede the development 
of effective policies.  Myths are often more convenient than reality, which 
forces society to confront hard choices.   

Available, up-to-date information - such as that presented here - 
provides a basis for rebuilding public policy discussions on myth-free 
foundations.  Some foundational facts include the following:  First, 
California has passed the point where reasonably priced “new” water is 
available, and costly new infrastructure decisions must be weighed against 
alternatives that use existing infrastructure more effectively, taking into 
account cost, reliability, and environmental consequences.  Second, there 
are no villains:  water users in both the urban and agricultural sectors have 
been making strides to improve water use efficiency for some time, and 
environmental water uses provide economic and social benefits.  Third, 
improving the conditions of our degraded aquatic ecosystems will require 
adaptive management approaches that have not yet been widely employed 
in California and that may reduce the reliability of supplies.  Fourth, while 
some management solutions will provide benefits to multiple parties, many 
solutions will involve contentious tradeoffs. 

To advance the policy process, California must improve the collection, 
analysis, synthesis, and dissemination of information to policymakers and 
the public.  To help dispel the myths examined here and support a 
pragmatic assessment of solutions, we suggest some specific actions: 
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1) Improve flows of existing information 

Establishing a common understanding among the public and elected 
officials requires organizing and disseminating available information, such 
as broad trends in water use by sector and region and the costs of water 
supply alternatives (Water Supply myths). 

2) Collect and disseminate new information 

To provide a sounder basis for using California’s water laws for 
groundwater and ensuring reasonable use, California must collect and 
document more accurate water use information from the field (Water Rights 
myths).  This will require changes in the law, to require reporting by all surface 
and groundwater users, regardless of the nature of their water rights - an 
unpopular move for many water users. 

3) Expand analyses 

Moving forward often will require significant new analysis to develop 
actionable information and understanding.  Expanded data collection and 
analysis will be particularly important for improving ecosystem management 
(Ecosystem myths), flood management (Flood myth), integrated water 
management portfolios (Water Supply myths), and other purposes.  
Expanded analysis also should include lessons from other states and 
countries which struggle with similar problems.  More generally, a better 
understanding of the value of ecosystem services and the tradeoffs inherent 
in water policy decisions (Consensus myth) can help clarify the policy 
choices California faces. 

Information alone will not dispel California’s water myths.  In a world 
of scarcity and tradeoffs, myths provide convenient rhetoric for specific 
stakeholder interests.  However, better technical and scientific information, 
analysis, and synthesis will be an essential support to better policy.  If the 
state’s leaders are serious about finding solutions to California’s water 
challenges, they must not shy away from requiring better reporting and 
analysis, even if stakeholders resist.  

Moving beyond myth will not end debate; many difficult problems and 
areas of legitimate disagreement will remain.  But when built on solid 
factual foundations, policy discussions can focus on a more realistic 
consideration of critical, long-term water management issues.  The 
challenges are many, and California’s future depends on facing them. 



West  Northwest, Vol. 16, No. 1, Winter 2010 

 
62 

 

About The Authors 

Ariel Dinar is a professor of environmental economics and policy and 
director of the Water Science and Policy Center, Department of 
Environmental Sciences, University of California, Riverside.  

Brian Gray is a professor of law at the University of California, Hastings 
College of Law, San Francisco. 

Ellen Hanak is director of research and a senior fellow at the Public Policy 
Institute of California, where she holds the Thomas C. Sutton Chair in Policy 
Research. 

Richard Howitt is a professor and department chair of agricultural and 
resource economics at the University of California, Davis.  

Jay Lund is the Ray B. Krone Professor of Environmental Engineering and 
director of the Center for Watershed Sciences at the University of California, 
Davis. 

Jeffrey Mount is a professor in the geology department at the University of 
California, Davis, where he holds the Roy Shlemon Chair in Applied 
Geosciences. He is the founding director of the UC Davis Center for 
Watershed Sciences. 

Peter Moyle is a professor of fish biology in the Department of Wildlife, 
Fish, and Conservation Biology at the University of California, Davis, and is 
associate director of the UC Davis Center for Watershed Sciences. 

Barton “Buzz” Thompson is the Robert E. Paradise Professor of Natural 
Resources Law at Stanford Law School and the Perry L. McCarty Director of 
the Woods Institute for the Environment at Stanford University. He also 
serves as Special Master for the United States Supreme Court in Montana v. 
Wyoming. 

Acknowledgements 

A shorter version of this article appears as California Water Myths, Public 
Policy Institute of California, San Francisco, California, December 2009 
(www.ppic.org).  We gratefully acknowledge the support of the following 
funders:  S.D. Bechtel, Jr. Foundation, The David and Lucile Packard 
Foundation, Pisces Foundation, Santa Ana Watershed Project Authority, and 
Resources Legacy Fund.  We thank Tom Hawkins of the California 
Department of Water Resources for assistance with water use data, and 
Josue Medellin-Azuara, Davin Reed, Elizabeth Stryjewski, and Robyn 
Suddeth for valuable research support. We thank the following people for 
helpful reviews of an earlier draft:  Louise Bedsworth, Stuart Drown, Jim 
Fiedler, Ron Gastelum, Michael Hanemann, Steve Hatchett, Jed Kolko, 
Joseph Sax, Terry Young, and one reviewer who wished to remain 
anonymous.  Lynette Ubois provided expert editorial support.  We also 



 West  Northwest, Vol. 16, No. 1, Winter 2010 

 
63 

 

thank members of a project advisory group for their helpful input in early 
discussions of this idea:  Curt Aikens, Martha Davis, Celeste Cantú, Mike 
Eaton, Jim Fiedler, Brandon Goshi, Les Grober, Allison Harvey, Spreck 
Rosekranz, Bill Hauck, Kai Lee, Steve Macaulay, Michael Mantell, Doug 
Obegi, Tim Quinn, Justice Ron Robie, Mary Scoonover, Steve Thompson, Tim 
Washburn, and Terry Young.  Any errors in fact or interpretation in this 
report are the sole responsibility of the authors. 

References 

Alexander, G. and J.D. Allan (2007). “Ecological success in stream 
restoration:  Case studies from the midwestern United States, Environmental 
Management, Vol. 40, pp. 245-255. 

Arax, M. and R. Wartzman (2003). The king of California:  J.G. Boswell and the 
making of a secret American empire, Public Affairs, N.Y., NY. 

Barnett, T.P., D.W. Pierce, H.G. Hidalgo, C. Bonfils, B.D. Santer, T. Das, 
G. Bala, A.W. Wood, T. Nozawa, A.A. Mirin, D.R. Cayan, M.D. Dettinger 
(2008). Human-induced changes in the hydrology of the western United 
States, Science 22 February Vol. 319 (5866), pp. 1080-1083. 

Baron, J. N. Poff, P. Angermeier, C. Dahm, P. Gleick, N. Hairston, R. 
Jackson, C. Johnston, B. Richter, and A. Steinman (2002). Meeting ecological 
and societal needs for freshwater,” Ecological Applications, Vol. 12, pp. 1247-1260. 

Barstow v. Mojave Water Agency (2000). 23 Cal. 4th 1224, 5 P.3d 853, 99 
Cal. Rptr. 2d 294. 

Bernhardt, E. S. , M. A. Palmer, J. D. Allan, G. Alexander, K. Barnas, S. 
Brooks, J. Carr, S. Clayton, C. Dahm, J. Follstad-Shah, D. Galat, S. Gloss, P. 
Goodwin, D. Hart, B. Hassett, R. Jenkinson, S. Katz, G. M. Kondolf, P. S. Lake, 
R. Lave, J. L. Meyer, T. K. O’Donnell, L. Pagano, B. Powell, and  E. Sudduth 
(2005), “Synthesizing U.S. river restoration efforts,” Science 29 April Vol. 308 
(5722), pp. 636-7 and supporting online material. 

Bird, J.A., G.S. Pettygrove, and J.M. Eadie (2000). “The impact of 
wildfowl foraging on the decomposition of rice straw:  mutual benefits for 
rice growers and waterfowl,” Journal of Applied Ecology, Vol 39, pp. 728-741. 

Bowles, J. and D. Lee (2007). “Perris-based water district first to 
postpone delivery deals to major new developments,” Riverside Press Enterprise, 
December 12. 

Bowles, J. and D. Lee (2008). “Water troubles put Inland developments 
in limbo,” Riverside Press Enterprise, January 23. 

Blomquist W. (1992). Dividing the waters:  Governing groundwater in southern 
California, ICS Press, Institute for Contemporary Studies, San Francisco, CA.  

Brauman K.A., Daily G.C., Duarte T.K., and Mooney H.A. (2007). “The 
nature and value of ecosystem services:  an overview highlighting hydrologic 
services,” Annual Reviews of Environmental Resources, Vol. 32, p. 67-98. 

Bredehoeft J.D., Papadopulos S.S., Cooper H.H., Jr. (1982). “The water 



West  Northwest, Vol. 16, No. 1, Winter 2010 

 
64 

 

budget myth,” Scientific Basis of Water Resource Management. National Academy 
Press, Washington, D.C., pp. 51-57 

Bredehoeft J.D., Reichard E.G., Gorelick S.M. (1995). “If it works, don't 
fix it:  benefits from regional groundwater management,” In:  AI El-Kadi (ed), 
Groundwater models for resources analysis and management. CRC, Boca Raton, 
London, Tokyo, pp. 103-124  

Brown, L.R. (2000). “Fish communities and their associations with 
environmental variables, lower San Joaquin River drainage, California,” 
Environmental Biology of Fishes, Vol. 57, pp. 251-269. 

Brunke H., R. Howitt, D. Sumner (2005). “Future food production and 
consumption in California under alternative scenarios” California Water Plan 
Update 2005, Volume 4 - Reference Guide, California Department of Water 
Resources, Sacramento, CA.  

California Department of Pesticide Regulation (CDPR) (2009). “Well 
inventory reports on ground water testing for pesticides,” Sacramento, CA 
(available at http://www.cdpr.ca.gov/docs/emon/grndwtr/wellinv/wirmain.htm). 

California Energy Commission (2005). California's water-energy relationship, 
Staff Report CEC-700-2005-011-SF, Sacramento, CA.   

California Urban Water Agencies (CUWA) (2008). Urban water conservation 
accomplishments, California Urban Water Agencies, Sacramento, CA, 
December. 

Carolan, M.S. (2005). “One step forward, two steps back:  Flood 
management policy in the United States,”  Environmental Politics, Vol. 16, pp. 36-51. 

Carlton, Jim (2009). “Parched state searches for ways to expand water 
supply,” Wall Street Journal, 7/9/2009, A4. 

Carpenter, T.M. and Georgakakos, K.P. (2001). “Assessment of Folsom 
Lake response to historical and potential future climate scenarios:  1. 
Forecasting,” Journal of Hydrology, Vol. 249, pp. 148-175 

Casitas Municipal Water Dist. v. United States (2008). 543 F.3d 1276 (Fed. 
Cir. 2008), pet. for rehearing denied, 556 F.3d 1329. 

Cayan, D., M. Tyree, M. Dettinger, H. Hidalgo, T. Das, E. Maurer, P. 
Bromirski, N. Graham, and R. Flick (2009). Climate change scenarios and sea level 
rise estimates for the California 2009 Climate change scenarios assessment, Report CEC-
500-2009-014-F, California Energy Commission, Sacramento, CA. 

Clarkson, R.W., M.R. Childs (2000). “Temperature effects of 
hypolimnial-release dams on early life stages of Colorado River basin big-
river fishes,” Copeia, Vol. 2, pp. 402-412.  

Clemmens, A. J., R. G. Allen, and C. M. Burt (2008). “Technical concepts 
related to conservation of irrigation and rainwater in agricultural systems,” 
Water Resources Research, Vol. 44, W00E03, doi:10.1029/2007WR006095.   

Coglianese, C. (1999). “The Limits of Consensus,” Environment, Vol. 41, 
pp. 28-33, April. 

Connell, C. (2009). “Bring the heat, but hope for rain - adapting to 



 West  Northwest, Vol. 16, No. 1, Winter 2010 

 
65 

 

climate warming in California,” MS thesis, Hydrologic Science, University of 
California - Davis. 

Cooley, H., P. Gleick, G. Wolff (2006).  Desalination, with a grain of salt:  A 
California perspective, Pacific Institute, Oakland, CA. 

Contra Costa Water District (n.d.). Los Vaqueros Project History, 
http://www.ccwater.com/losvaqueros/wqDamHistory.asp (last visited Sept. 
14, 2009). 

Craig, R. K. (2007). “A comparative guide to the eastern public trust 
doctrines:  classifications of states, property rights, and state summaries,” 
16 Penn State Envtl L. Rev. 1 (2007). 

Daily, G. (1997). Nature’s services:  Societal dependence on natural ecosystems. 
Island Press:  Washington DC. 

Daily, G., S. Polasky, J. Goldstein, P Kareiva, H Mooney, L. Pejchar, T. 
Ricketts, J. Salzman, and R. Shallenberger (2009). “Ecosystem services in 
decisionmaking:  Time to deliver,” Frontiers in Ecology and the Environment,  
Vol. 7, pp. 21-28. 

DeGroot, R.S., M.A. Wilson, and R.M.J. Boumans (2002). “A typology for 
the classification, description and valuation of ecosystem functions, goods 
and services,” Ecological Economics, Vol. 41, pp.393-408. 

Department of Finance (2007).  Population projections for California and its 
counties 2000-2050, Sacramento, California, July. 

Department of Water Resources (2003). California’s groundwater, 
California Department of Water Resources, Sacramento, CA. 

Department of Water Resources (2005a). California water plan update.  
Bulletin 160-05.  Sacramento, CA. 

Department of Water Resources (2005b). Flood warnings:  Responding to 
California’s flood crisis.  Sacramento, California. 

Department of Water Resources (2007).  “Frequently asked questions 
about Sites Reservoir,” Sacramento, California. 

Department of Water Resources (2008a). The State Water Project delivery 
reliability report 2007, Sacramento, California. August. 

Department of Water Resources (2008b). DWR forecast of SWP/CVP 2009 
delivery capability, Sacramento, California. November 4. 

Department of Water Resources (2009a).  California water plan update 
(Bulletin 160-09), Public Review Draft, Sacramento, California, January. 

Department of Water Resources (2009b). California drought - An update:  
June 2009. Sacramento, CA. 

Diamond Valley Lake (n.d.). “About Diamond Valley Lake,” 
http://www.dvlake.com/general_info01.html (last visited Sept. 14, 2009). 

Environmental Defense Fund v. East Bay Municipal Utility District (1980). 26 
Cal. 3d 183, 605 P.2d 1, 161 Cal. Rptr. 466. 

Environmental Defense (2005). Recommendations regarding scenarios and 
applications of environmental water “demands” in the State Water Plan Update & 



West  Northwest, Vol. 16, No. 1, Winter 2010 

 
66 

 

quantification of unmet environmental objectives in State Water Plan 2003 using actual 
flow data for 1998, 2000, and 2001. In Department of Water Resources, 2005a. 

Environmental Working Group (2004). California water subsidies:  Large 
agribusiness operations - not small family farmers - are reaping a windfall from taxpayer-
subsidized cheap water. Washington, D.C.  

Evans, R. G., and E. J. Sadler (2008). “Methods and technologies to 
improve efficiency of water use,” Water Resources Research, Vol. 44, W00E04, 
doi:10.1029/2007WR006200.    

Fissekis, A. (2008). “Climate change effects on the Sacramento Basin’s 
flood control projects,” MS Thesis, Department of Civil and Environmental 
Engineering, University of California - Davis. 

Fleckenstein, J., M. Anderson, G. Fogg; and J. Mount (2004). “Managing 
surface water-groundwater to restore fall flows in the Cosumnes River,” Journal of 
Water Resources Planning and Management, Vol. 130(4), July 1, pp. 301-310. 

Food and Agriculture Organization of the United Nations (n.d.)  
AQUASTAT online database,  http://www.fao.org/nr/water/aquastat/main/ 
index.stm (last visited Aug. 24, 2009). 

Galloway, G., J. Boland, R. Burby, C. Groves, S. Longvile, L. Link, J. 
Mount, J. Opperman, R. Seed, G. Sills, J. Smyth, R. Stork, E. Thomas (2007). A 
California Challenge - Flooding in the Central Valley, California Dept. of Water 
Resources, Sacramento, CA (available at http://www.water.ca.gov/floodsafe/). 

Gleick, P.H., D. Haasz, D. Henges-Jeck, V. Srinivasan, G. Wolf, K. Kao-
Cushing, and A. Mann (2003). Waste not, want not:  The potential for urban water 
conservation in California, Pacific Institute for Studies in Development, 
Environment, and Security, Oakland, California, November. 

Goodhue, R.E., L.K. Simon, and S.E. Stratton (2009). “Strategic 
behavior in water policy negotiations:  Lessons from California,” In A. Dinar 
and J. Albiac (eds.), Policy and Strategic Behavior in Water Resource Management, 
Earthscan Publications Ltd. 

Graf, W.L. (2001). “Damage control:  Restoring the physical integrity of 
America’s rivers,” Annals of the Association of American Geographers, Vol. 91(1), pp. 1-27. 

Gray, B.E. (1989a).  “A reconsideration of instream appropriative water 
rights in California,” 16 Ecology L. Q. 667 (1989). 

Gray, B.E.  (1989b). “In search of Bigfoot:  The common law origins of 
article X, section 2 of the California constitution,”  17 Hastings Const. L. Q. 225 
(1989) 

Gray, B.E. (1994a). “The market and the community:  Lessons from 
California’s drought water bank,” 1 Hastings W.-Nw. J. Envtl L. & Pol’y 17 
(1994). 

Gray, B.E. (1994b). “The modern era in California water law.”  45 
Hastings L. J. 249 (1994). 

Gray, Brian E. (1996). “The shape of transfers to come,” 4 Hastings W.-
Nw. J. Envtl L. & Pol’y 23 (1996). 



 West  Northwest, Vol. 16, No. 1, Winter 2010 

 
67 

 

Gray, Brian E. (2002). “The property right in water,” 9 Hastings W.-Nw. J. 
Envtl L. & Pol’y 1 (2002). 

Green, C. (2004). “The evaluation of vulnerability to flooding,” 
International Journal of Disaster Prevention and Management, Vol. 13, pp. 323-329.  

Haddad, Brent M. (2000).  Rivers of gold:  Designing markets to allocate water 
in California, Washington, DC:  Island Press. 

Hanak, E. (2003). Who should be allowed to sell water in California? Public 
Policy Institute of California, San Francisco, California. 

Hanak, E. (2005). Water for growth:  California’s new frontier. Public Policy 
Institute of California:  San Francisco, CA. 

Hanak, E. and E. Barbour, “Sizing Up the Challenge:  California's 
Infrastructure Needs and Tradeoffs,” in E. Hanak and M. Baldassare (eds.), 
California 2025:  Taking on the Future, Public Policy Institute of California, 
San Francisco, California, 2005. 

Hanak, E. and M. Davis (2006). Lawns and water demand in California, 
Public Policy Institute of California, San Francisco, California. 

Hanak, E. (2008). Just the facts:  Flood control.  Public Policy Institute of 
California, San Francisco, California  

Hanemann, M.( 2005).  Rebuttal Expert Report of Professor W. Michael 
Hanemann, Ph.D., NRDC v. Rodgers, et al. (E.D. Cal. 2005) (No. 88-1658).  

Hanemann, M. and C. Dyckman (2009). “The San Francisco Bay-Delta:  
A failure of decision-making capacity. Environmental Science and Policy, 
doi:10.1016/j.envsci.2009.07.004   

Harou, J.J. and J.R. Lund (2008). “Ending groundwater overdraft in 
hydrologic-economic systems,” Hydrogeology Journal, Vol. 16(6), pp. 1039-1055. 

Harter, T. (2003). Basic concepts of groundwater hydrology, Division of Agricultural 
and Natural Resources, University of California, Publication No. 8083, 
http://groundwater.ucdavis.edu/Publications/Harter_FWQFS_8083.pdf 

Hazen, A.M. (1914). "Storage to be provided in impounding reservoirs 
for municipal water supply," Transactions of the American Society of Civil Engineers, 
Vol. 77, December, pp. 1542-1669. 

Helm, P. (1996). “Integrated risk management for natural and 
technological disasters,” Tephra, Vol. 15, pp. 4-13.  

Hollinshead, S.P. and J.R. Lund (2006). “Optimization of environmental 
water account purchases with uncertainty,” Water Resources Research, Vol. 42(8), 
W08403, August. 

Howitt, R. E., J. Medellin-Azuara, and D. MacEwan (2009a). “Estimating 
economic impacts of agricultural yield related changes,” California Energy 
Commission, Public Interest Energy Research (PIER), Sacramento, CA. 

Howitt, R., J. Medellin-Azuara, and D. MacEwan (2009b), "Measuring 
the Employment Impact of Water Reductions," Department of Agricultural 
and Resource Economics and Center for Watershed Sciences. University of 
California, Davis, California, available at http://swap.ucdavis.edu. 



West  Northwest, Vol. 16, No. 1, Winter 2010 

 
68 

 

Howitt, R. and E. Hanak (2005). “Incremental water market 
development:  The California water sector 1985-2004,” Canadian Water 
Resources Journal, Vol. 30(1). 

Huffaker, R.G. and B.D. Gardner (1986). “The distribution of economic 
rents arising from subsidized water when land is leased," American Journal of 
Agricultural Economics, Vol. 68 (2), pp. 306-312. 

Huffaker, R. (2008). “Conservation potential of agricultural water 
conservation subsidies,” Water Resources Research Vol. 44, W00E01, 
doi:10.1029/2007WR006183. 

Hutson, S.S., Barber, N.L., Kenny, J.F., Linsey, K.S., Lumia, D.S., and 
Maupin, M.A. (2004). “Estimated use of water in the United States in 2000,” 
Reston, Va., U.S. Geological Survey Circular 1268. 

Isenberg, P., M. Florian., R.M. Frank, T. McKernan, S. Wright McPeak, 
W.K. Reilly, R. Seed (2008a). Our vision for California’s delta, Delta Vision Blue 
Ribbon Task Force, Sacramento, California. 

Isenberg, P., M. Florian., R.M. Frank, T. McKernan, S. Wright McPeak, 
W.K. Reilly, R. Seed (2008b). Delta vision strategic plan, Delta Vision Blue 
Ribbon Task Force, Sacramento, California. 

Jackson, S.T. and R.J. Hobbs (2009). “Ecological restoration in the light 
of ecological history,” Science Vol. 325:567-568. 

James, L.A. and M.B. Singer (2008). “Development of the lower 
Sacramento Valley flood-control system:  Historical perspective,” Natural 
Hazards Review, Vol. 9(3), pp. 125-135. 

Jenkins, M.W. (1991) “Yolo County, California's water supply system, 
conjunctive use without management,” M.S. degree project, University of 
California, Davis, CA.  

Jenkins, M.W., J.R. Lund, R.E. Howitt, A.J. Draper, S.M. Msangi, S.K. 
Tanaka, R.S. Ritzema, and G.F. Marques (2004). “Optimization of California’s 
water system:  Results and insights,” Journal of Water Resources Planning and 
Management, Vol. 130(4), pp. 271-280. 

Joslin v. Marin Municipal Water District (1967). 67 Cal. 2d 132, 429 P.2d 889, 
60 Cal. Rptr. 377. 

Karagiannis, I.C. and P.G. Soldatos (2008). “Water desalination cost 
literature:  review and assessment,” Desalination, Vol. 223, pp. 448-456. 

Katz v. Walkinshaw (1903). 141 Cal. 116, 70 P. 663, 74 P. 766. 

Kondolf, G.M. (1998). “Lessons learned from river restoration projects in 
California,” Aquatic Conservation:  Marine And Freshwater Ecosystems, Vol. 8, pp. 39-52. 

Lindblom, C.E. (1959). "The science of 'muddling through,'" Public 
Administration Review, Vol. 19, pp.79-88. 

Lindblom, C.E. (1979). "Still muddling, not yet through," Public 
Administration Review, Vol. 39(6), pp. 517-526. 

Little Hoover Commission (2005). Still imperiled, still important:  The Little 
Hoover Commission’s review of the CALFED bay-delta program, Sacramento, 



 West  Northwest, Vol. 16, No. 1, Winter 2010 

 
69 

 

California. 

Littleworth, Arthur L. & Eric L. Garner (2007).  California water II.  Point 
Arena, CA:  Solano Press Books. 

Los Angeles v. San Fernando (1975). 14 Cal. 3d 199, 537 P.2d 1250, 123 Cal. 
Rptr. 1.   

Lomas, J. (1991). “Words Without Action? The production, 
dissemination, and impact of consensus recommendations,” Annual Review of 
Public Health, Vol. 12, pp. 41-65. 

Lund, J., E. Hanak, W. Fleenor, R. Howitt, J. Mount, and P. Moyle 
(2007). Envisioning futures for the Sacramento-San Joaquin delta, Public Policy 
Institute of California, San Francisco, CA. 

Lund, J., E. Hanak, W. Fleenor, W. Bennett, R. Howitt, J. Mount, and P. 
Moyle (2008). Comparing futures for the Sacramento-San Joaquin delta, Public Policy 
Institute of California, San Francisco, CA. 

Madani, K. and J.R. Lund (in press), “Estimated impacts of climate 
warming on California’s high elevation hydropower,” Climatic Change. 

Marks v. Whitney (1971). 6 Cal. 3d 251, 98 Cal. Rptr. 790, 491 P.2d 374.  

Medellin-Azuara, J., J.J. Harou, M.A. Olivares, K. Madani-Larijani, J.R. 
Lund, R.E. Howitt, S.K. Tanaka, M.W. Jenkins, and T. Zhu (2008). 
“Adaptability and adaptations of California’s water supply system to dry 
climate warming,” Climatic Change, Vol. 87, Sup.1, March, pp. S75-S90. 

Millennium Ecosystem Assessment (2005). Ecosystems and human well-
being:  the assessment series (four volumes and summary). Washington, DC:  
Island Press. 

Mitsch, W.J. and R.F. Wilson (1996). “Improving the success of wetland 
creation and restoration with know-how, time, and self-design,” Ecological 
Applications, Vol. 6(1), pp. 77-83. 

Mono Lake Committee (n.d.).  Mono Lake FAQS,  
http://www.monolake.org/about/faq (last visited Oct. 23, 2009). 

Montz, B.E. and G.A. Tobin (2008). “Livin’ large with levees:  Lessons 
learned and lost,” Natural Hazards Review, Vol. 9(3), pp. 150-157.   

Mount, J. (1995). California rivers and streams:  The conflict between fluvial 
process and land use.  University of California Press, Berkeley. 

Moyle, P. B., M. P. Marchetti, J. Baldrige, and T. L. Taylor (1998). “Fish 
health and diversity:  Justifying flows for a California stream,” Fisheries 
(Bethesda) Vol. 23(7), pp. 6-15. 

Moyle, P.B., W.A. Bennett, W.E. Fleenor, and J.R. Lund (2009). "Habitat 
variability and complexity in the Upper San Francisco estuary", Report to 
State Water Resources Control Board, Center for Watershed Sciences, 
University of California - Davis. 

Moyle, P.B. and W.A. Bennett (2008). “The future of the delta 
ecosystem and its fish,” Technical Appendix to Lund, J., et al., Comparing 
futures for the Sacramento-San Joaquin delta, Public Policy Institute of California, 



West  Northwest, Vol. 16, No. 1, Winter 2010 

 
70 

 

San Francisco, CA. August. 

Moyle, P.B. (2002). Inland fishes of California, Berkeley, California:  
University of California Press. 

Moyle, PB,  RM. Quinones, and JV Katz (Forthcoming).  Fish species of 
special concern in California, Report for California Department of Fish and Game, 
Sacramento. 

National Audubon Society v. Superior Court (1983). 33 Cal.3d 419, 658 P.2d 709, 
189 Cal. Rptr. 346.   

National Research Council (2004). Adaptive management for water resources 
planning. Washington, D.C.:  The National Academies Press. 

National Research Council (2005a). Valuing ecosystem services:  toward better 
environmental decision making, Washington, DC:  National Academies Press. 

National Research Council (2005b). Endangered and threatened fishes in the 
Klamath Basin, The National Academies Press. 

Noble, R.T., S.B. Weisberg, M.K. Leecaster, C.D. McGee, J.H. Dorsey, P. 
Vainik, and V. Orozco-Borbon (2003). “Storm effects on regional beach water 
quality along the southern California shoreline,” Journal of Water and Health, 
Vol. 1(1), pp. 23-31. 

Null, S. and J.R. Lund (2006). “Re-assembling Hetch Hetchy:  Water 
supply implications of removing O'Shaughnessy Dam,” Journal of the American 
Water Resources Association, Vol. 42(4), pp. 395 - 408. 

Null, S.E., M.L. Deas, J.R. Lund (2009). “Flow and water temperature 
simulation for habitat restoration in the Shasta River, California,” River 
Research and Applications. DOI:  10.1002/rra.1288.   

Orang, M.N., J.S Matyac, R.L. Snyder (2008). “Survey of irrigation 
methods in California in 2001,” Journal of Irrigation and Drainage Engineering, Vol. 
4(1), pp96-100. 

Oster, J. D., H.J. Vaux, and L.T. Wallace (1994). Groundwater quality and its 
contamination from non-point sources in California, University of California Water 
Resources Center, Groundwater Quality Education Project. 

Palmer, M.A., E.S. Bernhardt, J. D. Allan, P.S. Lake, G. Alexander, S. 
Brooks, J. Carr, S. Clayton, C. N. Dahm, J. Follstad Shah, D. L. Galat, S. G. 
Loss, P. Goodwin, D.D. Hart, B. Hassett, R. Jenkinson, G.M. Kondolf, R. Lave, 
J.L. Meyer, T.K. O’Donnell, L. Pagano and E. Sudduth (2005). “Standards for 
ecologically successful river restoration,” Journal of Applied Ecology, Vol. 42, pp. 
208-217.  

Pfeiffer L. and C.Y.C Lin (2009). “Incentive-based groundwater 
conservation programs:  perverse consequences?,”Agricultural and Resource 
Economics Update, Giannini Foundation of Agricultural Economics, University 
of California, Vol. 12(6) (July/August). 

Pinter, N. (2005). “One step forward, two steps back on U.S. 
floodplains,”  Science, Vol. 308, pp. 207-208. 

Pisani, D.J. (1984). From the Family Farm to Agribusiness:  The Irrigation 



 West  Northwest, Vol. 16, No. 1, Winter 2010 

 
71 

 

Crusade in California, 1850-1931, University of California Press, Berkeley, CA. 

Plate, E. (2002). “Flood risk and flood management,” Journal of Hydrology, 
Vol. 267, pp. 2-11. 

Postel, S. L. and B.H. Thompson, Jr. (2005). “Watershed protection:  
Capturing the benefits of nature’s water supply services,”  Natural Resources 
Forum Vol. 29, pp. 98-108. 

Pulido-Velázquez, M., M.W. Jenkins, and J.R. Lund (2004). “Economic 
values for conjunctive use and water banking in Southern California,” Water 
Resources Research, Vol. 40(3). 

Richter, B., A. Warner, J. Meyer, and K. Lutz (2006). “A collaborative and 
adaptive process for developing environmental flow recommendations,”  
River Research and Applications, Vol. 22, pp. 297-318. 

Rieke, E.A. (1996). “Essay:  The bay-delta accord:  A stride toward 
sustainability,” 67 U. Colo. L. Rev. 341 (1996). 

Roni, P., K. Hanson, and T. Beechie (2008). “Global review of the physical 
and biological effectiveness of stream habitat rehabilitation techniques,” North 
American Journal of Fisheries Management, Vol. 28, pp. 856-890. 

Sax, J.L. (1990). “The constitution, property rights and the future of 
water law,” 61 U. Colo. L. Rev. 257 (1990). 

Sax, J.L. (1993).  “Rights that “inhere in the title itself”:  The impact of 
the Lucas case on western water law,” 26 Loyola L.A. L. Rev. 943 (1993). 

Sax, J.L. (2003). “We don’t do groundwater:  A morsel of California 
history,” 6 U. Denv. Water L. Rev. 269 (2003). 

Sax, J.L., B.H. Thompson, Jr., J.D. Leshy, and R.H. Abrams (2006). Legal 
control of water resources:  Cases and materials.  3d Edition.  St. Paul, MN:  
Thomson/West. 

Scheierling , S.M., R.A. Young, and G.E. Cardon (2006). “Public 
subsidies for water-conserving irrigation investments; Hydrologic, 
agronomic, and economic assessment,” Water Resources Research, Vol. 42, 
W03428, doi:10.1029/2004WR003809. 

Schneider, A, (1977). Groundwater rights in California:  Governor's commission 
to review California water rights law, Staff Paper No. 2. 

Shigley, P. (2008). “California has abundant water, not political 
courage”, California Planning and Development Report blog entry, July 22, 2008, 
http://www.cp-dr.com/node/2075 (last visited June 22, 2009). 

Speer, R. (2008). “Are we running out of water? Locally and statewide, 
we can’t agree on how to respond to dwindling supplies” Newsreview.com, Nov. 
20, 2008, http://www.newsreview.com/chico/content?oid=881324 (last visited 
June 22, 2009). 

State Water Resources Control Board (2009a). Water Right Order  
WR 2009-0027-DWR, Sacramento, California 

State Water Resources Control Board (2009b).  Draft 20X2020 water 
conservation plan, Sacramento, California. 



West  Northwest, Vol. 16, No. 1, Winter 2010 

 
72 

 

State Water Resources Control Board (2009c).  Recycled water policy, 
Sacramento, California. 

Stockton East Water Dist. v. United States (2009). --F.3d -- (Fed. Cir. 2009). 

Tanaka, S.K., T. Zhu, J.R. Lund, R.E. Howitt, M.W. Jenkins, M.A. Pulido, 
M. Tauber, R.S. Ritzema and I.C. Ferreira (2006). “Climate warming and water 
management adaptation for California,” Climatic Change, Vol. 76 (3-4),  
pp. 361-387. 

Tanaka, S., C. Connell, K. Madani, J. Lund, and E. Hanak (2008). 
“Economic costs and adaptations for increasing delta outflows and reducing 
or ending delta exports,” Appendix F to Comparing futures for the Sacramento-San 
Joaquin delta, Public Policy Institute of California, San Francisco, CA. 

Texas Water Development Board (n.d.). Desalination:  Frequently asked 
questions, http://www.twdb.state.tx.us/iwt/desal/ faqgeneral.html (last visited 
Aug. 18, 2009). 

Thomas, G. (2001). Designing successful groundwater banking programs in the 
Central Valley:  Lessons from Experience, Natural Heritage Institute, Sacramento, 
CA. 

Thompson, B. H., Jr. (1993). “Institutional perspectives on water policy 
and markets,” 81 Cal. L. Rev. 671 (1993). 

U.S. Bureau of Reclamation (2008b). North-of-the-delta offstream storage 
investigation, plan formulation report, Sacramento, California. 

U.S. Bureau of Reclamation (2008a), Upper San Joaquin River basin storage 
investigation, plan formulation report, Sacramento, California. 

U.S.Environmental Protection Agency (2004), National assessment 
database, http://www.epa.gov/waters/ir/ (last visited Oct. 23, 2009). 

U.S. Environmental Protection Agency Science Advisory Board (2009). 
Valuing the protection of ecological systems and services. Washington,D.C. 

Van Dantzig, D. (1956). “Economic decision problems for flood 
prevention,” Econometrica, Vol. 24 (3), pp. 276-287. 

Vaux, H.J. (1986). “Water scarcity and gains from trade in Kern County, 
California,” In:  K. Frederick (ed.) Scarce Water and Institutional Change. 
Resources for the Future, Washington, D.C. 

Vermeyen, T.B. (1997). “Modifying reservoir release temperatures using 
temperature control curtains,” Proceedings of Theme D:  Energy and Water:  
Sustainable Development, 27th IAHR Congress, San Francisco, CA, Aug. 10-15, 
1997, available at http://www.usbr.gov/pmts/hydraulics_lab/tvermeyen.  

Wall Street Journal (2009), “California’s man-made drought,” Editorial, 
Wednesday, September 2, p. A14. 

Ward, F.A. and M. Pulido-Velazquez (2008). “Water conservation in 
irrigation can increase water use,” Proceedings of the National Academy of Sciences, 
Vol. 105(47), pp. 18215-18220. 

Welsh, Jr., H.H., G.R. Hodgson, B.C. Harvey (2001). “Distribution of 
juvenile coho salmon in relation to water temperature in tributaries of the 



 West  Northwest, Vol. 16, No. 1, Winter 2010 

 
73 

 

Mattole River, California.”  North American Journal of Fisheries Management, Vol. 21, 
pp. 464-470. 

Whyte, Patrick (2009). “Australia knows something about drought. 
Recent rains have done little to improve California's water situation -- take it 
from an Aussie,” Los Angeles Times, January 4. 

White, G.F. (1945). “Human adjustment to floods,” University of 
Chicago Dept of Geography, Research Paper No. 29, Chicago, IL 

White, G.F. (1966). Alternatives in water management, Publication 1408, 
National Academy of Sciences, National Research Council, Washington, DC. 

White, G.F. (1978). “Natural hazards and the Third World - A reply,” 
Human Ecology, Vol. 6(2), pp. 229-231. 

Wiener, A. (1972). The Role of Water in Development, McGraw Hill, NY. 

Woodall, D. and J. Lund (2009). “Dutch flood policy innovations for 
California,” Journal of Contemporary Water Research and Education, Vol. 141, pp. 45-59. 

Woolsey, R.E.D, and Swanson, H.S. (1975). Operations research for 
immediate application:  A quick and dirty manual, Harper & Row, NY. 

Zedler, J.B. (2000). “Progress in wetland restoration ecology,” Trends in 
Ecology and Evolution, Vol. 15(10), pp. 402-407. 

Zilberman, D., A. Schmitz, A. Dinar, and F. Shah (1993). “A water scarcity 
or a water management crisis?” Canadian Water Resources Journal, Vol. 18(1), 
pp. 159-171.   

Zhu, T., J.R. Lund, M.W. Jenkins, G.F. Marques, and R.S. Ritzema (2007). 
“Climate change, urbanization, and optimal long-term floodplain 
protection,” Water Resources Research, Vol. 43(6).  



West  Northwest, Vol. 16, No. 1, Winter 2010 

 
74 

 

 

 

*  *  * 

 


