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Water reallocation is one of the most 
important and most contentious issues 
facing the West.  Reallocating water 

already in use may be simple and relatively 
uncontroversial if the water is being transferred 
locally to a similar use.  For example, farmers 
in the same irrigation district may transfer water 
between themselves relatively easily.  However, if 
water is to be transferred to another type of use 
or away from an area, negative reactions often 
result.  The Klamath Basin reallocation from 
agricultural to endangered species illustrates the 
complexity of such confrontations.  Similarly, the 
transfer of water from agricultural uses to urban 
uses can be difficult, controversial, and time 
consuming.  Although unallocated waters exist in 
a few, generally rural locations, these waters must 
often be moved in order to be used, leading to local 
protests.  Pick almost any city in the arid West (Las 
Vegas, Denver, Santa Fe), and the rural-urban 
conflict can be illustrated.  

The issue is relatively easy to state – demand for 
water is increasing in the urban and environmental 
sectors, but most available water is controlled 
by agricultural users or, if undeveloped, is found 
in rural areas.  In spite of local preferences to 
maintain the status quo, reallocation will occur 
whether “convenient” or “inconvenient.” Although 
protestors are sometimes successful, increased 
demands for a limited resource favor the eventual 
reallocation of some portion of the current water 
supply.  However, reallocation is a dirty word 
in some places and conflicts seem inevitable.   
Resolving conflicts is difficult because the methods 
for reallocation are limited and often lead to some 

interests winning and others losing.  What choices 
are there? How do people react when faced with 
reallocation?  How can the potential conflicts be 
reduced?  The answers to these questions are more 
complex than can be fully addressed in this dedicated 
issue, but reallocation can be put in context and 
hopefully stimulate further discussion.

With a limited number of choices for reallocation, 
how can policy makers reduce conflict and achieve 
goals that benefit society and the environment?  Two 
choices dominate – markets and legislation – with 
courts playing a role when disputes occur.  Water 
markets have long been accepted in the western, 
appropriation doctrine states.  A water right is 
looked on as a property right which can be sold 
and transferred to another location, user, or use.  
Transfers are allowed as long as third parties and 
the public interest are not adversely impacted.  High 
transaction costs may be associated with market 
transactions because determining adverse effects 
is unique to each transaction.  This occurs because 
water rights are defined by a set of relationships that 
exist between the right holder and others that may 
have an interest or legal right in the same water as 
it passes through the hydrologic cycle.  This set of 
relationships is spatially and contextually unique 
to each right.  Because third parties and the public 
are protected from adverse effects, as defined by 
this set of relationships, market transactions do 
not always occur smoothly.  The direct parties to 
a transaction may be in a win-win situation (buyer 
gets water and seller gets money), but others with 
an interest may not be.  For example, the public’s 
interest in water may not be adequately represented 
in a market transaction.  The “public” may want 



water for in-stream flows, but the transaction 
might not provide water for that purpose.  The 
public’s interest in water has also changed.  When 
most agricultural water rights were established, 
economic uses that diverted water from streams 
were the norm.  Today other public values need to 
be considered.  Markets could be developed that 
incorporate public values and changes have been 
made in the way states interpret “public interest” in 
approving transfers, but change has been slow and 
uneven.  Market rules need to be redefined to better 
accommodate the public interest.

Because markets are not designed to take all 
public values into account, legislation has been 
used to protect these values.  At the federal level 
this can be seen in the Endangered Species Act, 
Wild and Scenic Rivers Act, and the Clean Water 
Act.  States have similar legislation protecting 
the environment, granting the public recreation 
rights, or withdrawing water from appropriation.  
This legislation is imposed on a system of water 
rights created under state law and recognized 
as legitimate at the federal level.  Although state 
and federal legislation can impose limits on the 
way water right holders use their water, these 
limitations have to occur within the constraints 
of state and federal constitutions. At some 
point, restrictions may so limit water use that an 
unconstitutional taking of property may occur.  
The line between unconstitutional takings and 
legitimate regulation of property is not a clear one. 
Conflicts are exacerbated because of the attitudes 
water right holders have toward their rights.  
Although land owners have generally accepted 
land use regulations, restrictions on how rights 
holders use water are almost invariably met with 
protest.  Regardless of constitutionality, legislative 
or regulatory limitations on the traditional uses of 
water are unpopular.  This opposition is similar 
to what occurs when someone wants to transfer a 
water right to a different area.  This brings us to the 
next question.

How do people react to proposed reallocations?  
The simple answer is – generally not well.  
Emotions range from vehement opposition to mild 
disapproval. This occurs whether transfers are 
involuntary as a result of legislation or whether 
they result from a market transaction between 
consenting parties. People who object are not the 

same in the two cases.  The water right holder may 
object to a restrictive regulation, but it is third 
parties or the public who object to market transfers.  
In some locations reallocation is more common and 
a grudging acceptance has replaced the tensions 
that occur when reallocation is first proposed in an 
area. Some examples may be helpful.  

Recently a developer applied for permits to 
develop ground water at a location 60 miles west of 
the Rio Grande in the middle of rural New Mexico.  
The water is on a ranch owned by an out-of-state 
businessman.  He proposes to drill 37 wells that 
will supply 54,000 acre feet of water.  The local 
community of Datil, about 300 persons, turned 
out for a public meeting on the application.  They 
were not happy.  For the ranch owner the proposed 
use makes sense.  Water rights in the Rio Grande 
are selling for $15,000-25,000 per acre-foot 
demonstrating the demand.  The rancher is willing 
to sell the water to cities, farmers, or environmental 
interests.  Locals were concerned about the impact 
on the local economy, the impact on their shallow 
wells, and the unpredictability of the proposed 
action.  The most interesting reaction came from a 
local who filed a report with the FBI on “this new 
form of terrorism” (Albuquerque Journal Dec. 9, 
2007, pg. B1). 

The Southern Nevada Water Authority has been 
buying ranches and the water rights associated 
with them.  Local ranchers oppose the transfer of 6 
billion gallons of ground water per year from three 
watersheds to Las Vegas.  The proposed pipeline 
project has partial approval from state regulators.  
Lawsuits have been filed to prevent the project 
and as one opponent says “We’ve pledged to fight 
this with every tool at our disposal” (Las Vegas 
Review-Journal, August 9, 2008 pg 1B).  The 
Authority has also been referred to as a “foreign 
entity” (Las Vegas Review-Journal, September 7, 
2008, pg. 27A).

Such negative reactions to reallocation are 
common place.  An Arizona legislator introduced 
a bill in the state legislature designed to prevent 
water exports to neighboring Las Vegas.  The 
motivation was “to do everything that we can to 
protect our water” (Associated Press Financial 
Wire, March 13, 2007).  Water transfers to irrigate 
a golf course have been protested (Ruidoso News, 
Nov. 20 2008).  When farmers offered to sell 
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sometimes defies rational thought.  The attitude 
that change is going to impact someone personally 
is hard to overcome. But, successful transfers 
have occurred. This merits additional research 
to determine why some succeed and others fail.  
Avoiding confrontation may not be easy.  Recently 
I was told by a city water manager that they had 
learned from previous experience, and their next 
transfer project would be less controversial.  As 
soon as the project was announced the protests 
started.  Whether the project will ultimately be 
successful is difficult to determine at this point.    

So what does this issue of JCWRE contribute 
to the debate on reallocation?  It starts out with 
an article that clearly illustrates why reallocation 
should be at the center of the debate on western 
water.   The article by Kenney et al. discusses 
drought and vulnerability on the Colorado River.  
This article is a follow-up on a special issue of the 
Water Resources Bulletin (October 1995).  Kenney 
and his co-authors feel that the way water supply 
vulnerability was characterized in that issue is 
“dated if not erroneous.”  With changes in water 
supply vulnerability, a different context is required 
for reallocation discussions. This article is followed 
by four case studies on water reallocation.  The 
first two address reallocation issues associated 
with endangered species and the next two deal 
specifically with markets.  Benson’s article puts 
legislative reallocation in a broad context.  She 
selected the Methow Valley as a case study which 
incorporates federal lands into this complex mix of 
issues.  Briefly discussed are constitutional issues 
related to “takings.” Zetland’s article examines the 
Sacramento-San Joaquin Delta, its health and that 
of the endangered Delta Smelt.  Contor examines 
the possibility of ground water banking in Idaho and 
concludes that it would improve water marketing.  
The Pease article centers on the Rio Grande and 
New Mexico’s institutional constraints on water 
markets.  These case studies are followed by a 
philosophical reflection by Bauer looking at what 
western states might learn from water markets in 
Latin America.  The last three articles deal with the 
reallocation decision process. Two articles deal with 
incorporating models into the reallocation process 
so that reallocation decisions are improved.  One of 
the major problems with any form of reallocation 
is the uncertainty that results from proposed 

Santa Fe water, 200 protesters from the farming 
area descended on the City Council bringing 
“the proposal to a screeching halt” (Albuquerque 
Journal, Feb.10, 2005, A1).  Protests have been 
filed against a proposed transfer from the Green 
River to a nuclear power plant in Utah (Salt Lake 
Tribune, Nov. 1, 2009).  Colorado and Wyoming 
have also been looking at large transfers from the 
Green River, a Colorado River tributary.

Perhaps the most vehement reactions are related 
to endangered species. The response to two federal 
court decisions reallocating Rio Grande water 
for the silvery minnow brought a typical political 
response.  The mayor of Albuquerque took out a 
half page ad titled “Someone’s Stealing our Water.” 
The mayor wrote a column in the same paper 
accusing the federal district judge on the case of 
a “thoughtless and insensitive act” and ignoring 
“common sense and human need” (Albuquerque 
Journal, September 24, 2002 pg. A1).  The judge, 
on the other hand, was reluctantly following the 
requirements of the Endangered Species Act.  
When the circuit court upheld the district court 
ruling, the New Mexico Attorney General stated 
“This case involves one pivotal question: Who 
controls New Mexico’s water – New Mexico or 
the federal government?  . . . To me the answer will 
always be New Mexico” (Albuquerque Journal, 
June 13 2003, pg. A1).  For politicians it’s “our 
water,” and for water right holders it’s always “my 
water.”   For many, water is somehow “sacred” 
with any change in use being a personal or political 
affront.  In reality, water is a shared resource with a 
substantial public interest in the way it is managed.  
This interest can be manifested at both the state 
and federal levels.  

However, some places do succeed in reallocating 
large volumes of water. Of interest is the Imperial 
Valley’s water transfer to urban interests in 
southern California (Press Enterprise, Riverside 
CA, Dec. 12, 2009, pg. C6), U.S. Senate approval 
of a bill facilitating transfers in California’s central 
valley (State News Service, December 16, 2009), 
and water transfers from cities to farms along the 
Arkansas River in Colorado ( Pueblo Chieftain, 
July 15, 2008).  

This brings us to the third question – how can 
conflicts be reduced?  The answer to that question 
is unclear.  Reallocation is an emotional issue that 
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transfers. One solution might be better scientific 
models designed to reduce uncertainty. The model 
used by Broadbent et al. integrates engineering, 
biophysical science, and behavioral/institutional 
variables with water markets. Brookshire et al. 
use complex modeling to incorporate ecosystem 
services in the reallocation decision process. The 
last article (Matthews) attempts to think outside the 
box and speculates on what reallocation decisions 
would look like if the water estate was dominant.

Water reallocation creates difficult policy 
choices. But, reallocation is necessary if 
contemporary public preferences are to be satisfied.  
The debate over how to resolve potential conflicts 
should begin before conflicts arise, but seldom 
does.  The “truth” is reallocation will occur in 
the future.  The question is whether it can occur 
without animosity.

End Note

Reallocation is being used in the broadest possible 
context referring to both a transfer of an existing 
right and the establishment of a new right where the 
water will be moved to a new location for use.  

Author Bio and Contact Information
Olen Paul Matthews is a Professor of Geography at 
the University of New Mexico.  He has a degree in law 
and has spent many years writing and thinking about 
water policy.  Although much of this thought has been 
directed toward transboundary water issues, in recent 
years he has been puzzling over water rights and water 
reallocation. He expects to remain puzzled by the 
complexities of water transfers.  He wishes the process 
could be simplified with property rules that make sense, 
but believes that politics have a solid chance of prevailing 
over good sense. He can be contacted at: Department of 
Geography, MSC01 1110, 1 University of New Mexico, 
Albuquerque, NM 87131 or opmatt@unm.edu.
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In October of 1995, Water Resources Bulletin 
(now Journal of the American Water Resources 
Association) devoted an entire issue to the 

findings of the “Severe, Sustained Drought in the 
Southwestern United States” study (see Young 
1995). That project (hereafter termed the “SSD 
study”) examined the alarming but seemingly 
very remote scenario of modern-day catastrophic 
drought on the Colorado River, with the aim 
not merely of assessing system vulnerability to 
water supply shortages, but also of informing 
and inspiring the institutional reforms needed to 
avoid any such future calamity.  Included in this 
focus was a consideration of how shortages might 
actually be allocated given the existing legal and 
management framework, a subject that quickly 
went from theoretical to real as severe drought 
gripped the region and the basin states were forced 
into “shortage sharing” negotiations.

By most accounts, the study was innovative 
and ambitious, especially in its treatment of 
possible institutional reforms. Specifically, it 
featured a “gaming” exercise that allowed players 
(representing states) to mitigate drought impacts 
through both intrastate and, more significantly, 
interstate water marketing – a subject that remains 
largely taboo in policy circles.  It also introduced the 
idea of mitigating and reallocating water shortage 

risk through coordinated reservoir operations, 
an idea that did find expression in the eventual 
basin states agreement in 2007 (U.S. Bureau of 
Reclamation 2007).  However, while the SSD study 
was a milestone in suggesting that new scientific 
information could be used to rethink longstanding 
allocation practices, it did so by characterizing 
vulnerability on the river in a way that now, just 
a decade later, seems dated if not erroneous.  
Water supply vulnerability has changed, and with 
it, so has the context of all future discussions of 
allocation and reallocation. The change lies in 
the complex relationship between drought, water 
demands, and the prospect of chronic reductions 
in streamflows from climate change. This paper 
discusses these risks as a function of social and 
environmental vulnerability and alterations in 
physical conditions.

The Severe Sustained Drought (SSD) 
Study

The SSD study investigated the vulnerability 
of the modern-day Colorado River to a drought of 
severity and duration beyond anything theretofore 
seen in the historic record. The study initially 
used the paleo drought from 1579 to 1600, as 
documented in tree rings, followed by a wet 16-

Abstract:  On the Colorado River (as elsewhere), severe drought is useful for illuminating sources of water supply vulnerability, 

focusing attention on deficiencies in water allocation and management.  A major drought study in the early 1990s, and experience 

with real drought a decade later, both have been useful in understanding vulnerability as a function of several factors working in 

consort with drought, including water allocation, reservoir operations, water demands, and climate change.  Over this relatively 

short time-frame, vulnerability has shifted considerably, and will undoubtedly continue to change further in coming decades.  

Understanding how vulnerability is shifting is central to identifying future management pathways and reform options for the river. 

Keywords: Colorado River, drought, vulnerability



year recovery period, as the basis for hydrologic 
inputs into water models (Young 1995). An event 
of this magnitude was thought to pose the greatest 
threat to the two major reservoirs on the system 
(lakes Powell and Mead), and thereby posed the 
greatest challenge to the interbasin, interstate 
and international allocation scheme codified in 
the Law of the River.1 Water allocation models 
reflecting modern legal/institutional arrangements, 
infrastructure, and projected demand patterns 
were used to track and quantify the impacts of the 
unfolding drought, while additional models and 
game theory techniques were subsequently applied 
to investigate potential coping strategies. 

The study showed the system to be remarkably 
reliable during drought – so much, in fact, that the 
researchers decided to re-order the drought (i.e., all 
22 years in the paleo drought were arranged from 
wettest to driest), thereby generating a period of 
16 consecutive years of below average flows with 
an annual mean of 9.57 maf (million acre-feet), 
compared to a long-term term average typically 
estimated at nearly 15 maf.  This re-ordering was 
estimated to lengthen the return interval range 
of the event from 400-700 years (in its original 
form) to 2,000-10,000 years. In the scenario, once 
the run of drier than average years had begun, 
Lake Powell took only a dozen years to drop to 
dead storage (where it remained for 7 years). 
Lake Mead, however, fared dramatically better, 
hovering near 20 maf (about two-thirds full) until 
Powell was empty, only then dropping sharply, but 
still never falling beyond a low of 7.5 maf (Figures 
1 and 2). In the worst year of the SSD scenario for 
water deliveries, roughly 59 percent of projected 
Upper Basin consumptive demands went unmet, 
compared to just 3 percent in the Lower Basin; 
shortages in the Lower basin were primarily 
confined to surplus uses.  In short, the system 
was found to be quite effective in serving existing 
Lower Basin consumptive uses (although instream 
uses suffered), with most problems limited to Lake 
Powell and Upper Basin users.  This, as of 1995, 
was our collective assessment of system reliability 
in a seemingly worst-case scenario.

The Current Drought
Upon publication, the SSD study received only 

modest attention; in fact, up to 2001, much of the 

interbasin debate was focused on the allocation 
of Lower Basin surpluses (U.S. Bureau of 
Reclamation 2001).  This situation did not change 
until after the new millennium when an ongoing 
series of dry years lowered natural inflows into 
the basin: 62 percent of the 30-year average in 
2000, 59 percent in 2001, 25 percent in 2002, 
51 percent in 2003, 49 percent in 2004, 105 percent 
in 2005, 73 percent in 2006, 68 percent in 2007, 
and 102 percent in 2008.2 Coincident with this 
modern drought was a precipitous decline in 
storage, shown in Figures 1 and 2, with the year 
2000 matched up with year 6 of the SSD scenario 
to synch the start of reservoir declines in the actual 
and hypothetical drought scenarios. In both traces, 
Lake Powell drops quickly (Figure 1), slightly less 
so in the SSD scenario only because the re-ordered 
drought starts out with the least severe years at 
the beginning.  The traces for Lake Mead diverge 
radically (Figure 2), however, suggesting a very 
different story than envisioned in the SSD.

Changing Vulnerability: Lower Basin
The recent decline of Colorado River storage 

is generally attributed to drought.  Indeed, the 
decreasing level of Lake Powell closely follows 
the decreasing trend in inflows expressed as virgin 
flow at Lee Ferry (Figure 3). Similarly, reduced 
storage in Lake Mead could be expected to reflect 
changes in Lake Mead inflows, which are primarily 
a function of Lake Powell releases. However, these 
releases are remarkably consistent during dry 
periods at 8.23 maf/year (at least until Powell 
is empty), dictated more by legal requirements 
and hydropower regimes than hydroclimatic 
conditions.3 Reclamation’s provisional data 
suggests that inflows to Lake Mead have not 
changed significantly during the current drought 
compared to early 1990s.  Compare Lake Mead in 
two critical 5-year periods: 1990 to 1994, and 2000 
to 2004 (Figure 4).  In both periods, inflows to Lake 
Mead are approximately 9 maf/year, but while this 
was sufficient to keep storage levels stable in the 
first period, the second period featured a decline of 
roughly 9 maf.

To understand how the risk of shortage in meeting 
demands from Lake Mead has changed, a revised 
analysis must go beyond drought and a traditional 
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Figure 1. Lake Powell storage (maf) under actual and SSD scenario condition.

Figure 2. Lake Mead storage (maf) under actual and SSD scenario condition.

Figure 3. Lake Powell storage and estimated Lee ferry virgin flows (maf).
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supply-side analysis.  For Lake Powell, 2000-2004 
looks very different than 1990-1994 because of 
reduced drought inflows, but for Lake Mead, the 
difference is mostly explained by the growth of 
Lower Basin demands. Reclamation provisional 
data suggest that Lower Basin consumptive uses 
(defined here as the sum of deliveries from the 
mainstem to Arizona, California, and Nevada, 
and treaty-required deliveries to Mexico) in 2000-
2004 versus 1990-1994 grew by approximately 
1 maf/year (from 8.7 to 9.7 maf/year), sufficient 
to pass the threshold that determines whether or 
not Lake Mead is stable or declining.  Key to this 
increased consumption was the completion of the 
Central Arizona Project, which allows Arizona to 
use its Colorado River entitlement to offset ground 
water depletions.  The project was “substantially 
completed” in 1994, and very quickly was put into 
full operation.  Mainstem deliveries to Central 
Arizona Project averaged 1.5 maf/year from 2000 
to 2004, roughly 3 times higher than the Central 
Arizona Project demand projections used in the 
SSD study (derived from assumptions in the 1991 
Annual Operating Plan and economic modeling 
that assumed Central Arizona Project water would 
be prohibitively expensive for many users). This 
erroneous assumption, more than any other single 
item, explain why the SSD and actual drought 
traces for Lake Mead differ so significantly.  

Changing Vulnerability: Upper Basin
The possibility of drought causing shortages 

in the Upper Basin remains a valid concern, but 
assessing vulnerability is again a more complex 
story.  Since the extremely dry year in 2002, 
analysts in the Upper Basin have speculated about 
whether or not a drought-inspired “call on the river” 
is a real possibility, how that legally-complex issue 
would be determined, and how a call might be 
administered.  A call would be triggered if storage 
in Powell precluded fulfilling the compact-defined 
delivery requirement of 75 maf over 10-years (or 
82.3 maf including half of the Mexican obligation).  
Although this is a scenario worth considering, as 
in the Lower Basin, this focus on extreme drought 
must be coupled with concern over a more chronic 
concern:  in this case, the threat of decreased mean 
flows due to climate change. Most climate models 
suggest future declines this century in Colorado 
River flows – as described in Appendix U of the 
2007 Environmental Impact Statement (U.S. 
Bureau of Reclamation 2007).  A modest decline 
of 10 percent would mean a roughly 1.5 maf/year 
reduction in average annual supplies.  Under many 
legal interpretations, this full amount would come 
out of the Upper Basin apportionment.  

Ironically, the Upper Basin already “lost” 
roughly this amount last century as estimates of the 
mean flow of the river were reduced.  This familiar 
story involves the error of compact negotiators 
in the 1920s that unwittingly used the hydrology 
from an exceedingly wet period to over-allocate 
the river.  Due to this error, the Upper Basin for 
many years has reluctantly assumed that their 

Figure 4. Lake Mead storage and estimated inflows (maf).
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reliable annual share of the river may be closer to 
6 maf than the promised 7.5 maf.  Should impacts 
of climate change reduce this value further, as in 
this scenario to 4.5 maf/year, then shortages can 
quickly go from theoretical to real, as Upper Basin 
consumption (from 1996 to 2000) averaged 4.4 maf/
year (accounting for evaporation losses).  Certainly 
responses to this climate change scenario would 
not play out without legal and political wrangling 
and a search for engineering solutions, but the 
central message is unchanged: extreme droughts 
are a real concern, but assessing their impact on 
water supply vulnerability requires considering 
other factors, namely long-term changes in average 
demands and inflows.

Looking Forward
The drought has prompted several management 

innovations aimed at balancing the regional water 
budget. One of the first and most significant 
accomplishments has been the enactment and 
implementation of the “Interim Surplus Guidelines,” 
which includes California’s 4.4 Plan reducing its 
annual use from over 5.0 maf/year in the 1990s to 
just 4.4 maf/year since 2003 (several years ahead 
of schedule), a reform made possible in large part 
through aggressive on-farm conservation and the 
subsequent reallocation of saved water to urban 
areas. Similarly, while urban growth continues at 
a rapid pace throughout the basin, several major 
southwestern cities have accomplished this without 
a corresponding increase in water consumption.  
Another major accomplishment is the new interim 
operational guidelines for shortage sharing and the 
modified reservoir operating regimes (including 
some anticipated in the SSD research) that better 
protect storage (U.S. Bureau of Reclamation 2007). 
These guidelines not only outline a more orderly 
and phased schedule of reductions when reservoirs 
start to decline, but establish a framework through 
2026 for cooperative learning and planning 
among Federal and state interests focused on new 
baseline supply estimates. The new rules also 
include a program allowing some conserved water 
(“intentionally created surplus”) in the Lower 
Basin to be marketed to support new or, potentially, 
existing demands elsewhere.  The program is new, 
and thus untested, and has caps on the amount 
of water available, but it does institutionalize an 

incentive for demand management that heretofore 
was largely absent in the Law of the River.  Efforts 
to reduce “regulatory wastes” (such as over-
deliveries and reservoir spills) are also underway, 
as is the search for remaining opportunities to 
augment river flows.  

Looking back, it is fair to conclude that the 
SSD project was a major step forward in thinking 
about drought on the Colorado River, and in 
focusing renewed attention on issues of allocation, 
reallocation, and the future of the river.  But to the 
extent that the study was intended to illuminate 
the vulnerability of Colorado River water users to 
shortages, the scenario considered was ultimately 
too narrow to capture the complex interplay between 
drought, growing demands, and the then-nascent 
research about climate change and the assumption 
of hydrologic stationarity. Today, it no longer 
takes a significant SSD-quality event to cause 
significant disruptions to water supplies, and any 
such disruptions are not confined to Upper Basin 
users (as the SSD analysis suggested). Largely due 
to our ongoing experience with real drought, the 
research community now has a significantly better 
understanding of the forces that shape vulnerability 
on the Colorado River, and has the attention of 
water managers and other public policy officials to 
an extent not enjoyed by the SSD research team.

End Notes
1. The basin is legally divided into an Upper and 

Lower Basin at Lee Ferry, with Lake Powell 
providing the upstream storage needed to ensure 
compact-specified water deliveries to serve 
downstream interests, which then pull water from 
Lake Mead.   The 1922 compact allocates 7.5 MAF 
(million acre-feet/year) to each Basin, and a treaty 
later (1944) provided 1.5 maf/year for Mexico, 
for a total apportionment of 16.5 maf/year.  This 
total is higher than actual annual flows, a problem 
magnified by compact rules that appear to obligate 
the Upper Basin to allow almost the full Lower 
Basin and Mexican obligations to pass downstream 
before the Upper Basin can take its share.

2. Statistics in this paper regarding inflows, storage, 
diversions, and consumptive use have primarily 
been compiled from records prepared by the U.S. 
Bureau of Reclamation.  In many cases, these 
figures are later amended and updated, and much of 
the data regarding diversions and consumption since 
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2001 is provisional (as noted in the text).  Inflow 
data is provided at: http://www.usbr.gov/uc/water/
crsp/cs/gcd.html; demands are summarized in the 
Consumptive Uses and Losses reports (http://www.
usbr.gov/uc/library/envdocs/reports/crs/crsul.html) 
and the annual Decree Accounting Reports (http://
www.usbr.gov/lc/region/g4000/wtracct.html).  
Deliveries from the Central Arizona Project are 
from http://www.cap-az.com/deliveries/index.cfm.

3. Lake Mead also receives inflows from tributaries 
(many ungaged) between the two reservoirs, 
estimated here (as is commonly done) at a constant 
0.77 maf/year.
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Legislative Reallocation: 
How Compliance with Federal Legislative Initiatives 

Can Redistribute Water Resources
Melinda Harm Benson

Department of Geography, University of New Mexico, Albuquerque, NM

Decisions regarding the allocation of water 
supply in the United States are generally 
left to individual states.  In the arid West, 

the doctrine of prior appropriation is used by 
most states to make such allocations. The prior 
appropriation doctrine allocates water resources 
based on a state administered priority system, which 
often results in complete or even overallocation 
of existing supply.  Compliance with state and 
Federal legislative initiatives, however, can achieve 
reallocation of water resources.  Laws enacted to 
achieve protection of environmental, wildland and 
wildlife resources, in particular, have increasingly 
played a role in the allocation of water, particularly 
in the U.S. West.

On occasion, legislative reallocation occurs 
explicitly.  The Central Valley Project Improvement 
Act of 1992 implemented sweeping reform of the 
Federal Bureau of Reclamation’s operation of the 
Central Valley Project (Giuda 2007, Weinberg 
2007).  The Act, among other initiatives to restore 
fish and wildlife species, reallocated 800,000 
acre-feet of water for “fish, wildlife, and habitat 
restoration purposes” (Reclamation Projects 

Authorization and Adjustment Act § 3406(b)(2)).  
More often, however, legislative reallocation 

of water resources is a byproduct – an  indirect 
result of environmental protections and public 
lands designations.  Examples include the Organic 
Administration Act, which reserves Federal water 
rights necessary to accomplish certain purposes 
implicit in the designation of national forests 
(United States v. New Mexico 1978), and the Clean 
Water Act, where the inextricable nature of water 
quality and water quantity can require regulation 
of water flow (Public Utility District No. 1 of 
Jefferson County v. Washington Department of 
Ecology 1994, Benson 2005).  

The Endangered Species Act 
A comprehensive analysis of legislative 

enactments and their influence on water supply 
is beyond the scope of this article.  However, one 
Federal law stands apart in its impact on water 
resource allocation: the Endangered Species Act 
(ESA). The ESA has been referred to as “the major 
Federal environmental constraint on water use” 
(Tarlock 2004). Critics of the ESA often remark that 

Abstract: Water allocation in the United States generally occurs through state administrative processes.  Compliance with 

Federal legislative initiatives, however, can require the reallocation of water resources.  Laws enacted to achieve protection of 

environmental, wildland and wildlife resources have increasingly played a role in the allocation of water, particularly in the West. 

This Article examines Washington’s Methow Valley as a case study in which efforts to recover threatened and endangered aquatic 
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stemming from the U.S. Constitution’s “Takings” clause are also discussed as an important limit on this power.
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its provisions have been used for the unintended 
purpose of protecting habitats, including water flows 
and associated riparian ecosystems.  Controversies, 
for example, over whether the ESA required the 
recovery of wild, as opposed to hatchery raised, 
salmon has caused some to argue that the ESA is 
“out of control” (Lott and Jones 2007).  But the ESA 
was passed into law in 1973 with the purpose of 
conserving endangered and threatened species and 
the ecosystems upon which they depend  (E.S.A. § 
3).  The ESA enacted a policy of conservation that 
includes mandated efforts to recover threatened 
and endangered species, and while most of the 
focus of the ESA’s requirements is on the recovery 
of species, Congress also intended to achieve 
ecosystem protection.

Once a species is listed as endangered, certain 
protections immediately fall into place under 
Sections 7 and 9 of the ESA. Where necessary, 
these protections have the potential to reallocate 
water resources to achieve the species’ recovery.  
Section 9 prohibits the illegal “take” of the 
species, with limited exceptions.  The term “take” 
is broadly defined to include any actions that 
harm  the species, including “habitat modification 
or degradation where it actually kills or injures 
wildlife by significantly impairing essential 
behavior patterns, including breeding, feeding, 
or sheltering” (50 CFR § 17.3). Illegal “take” 
therefore includes the dewatering of streams in 
situations where endangered aquatics are either 
directly killed or actually injured due to habitat 

Proposed Action = Action Agency
determines effects of its proposed action on

ESA listed Species

No Effect Determination = No
further action required

May Effect Determination =
Action Agency makes further
inquiry to determine whether

the action is likely to
adversely affect ESA listed
species or critical habitat

May Affect, but is NOT Likely to Affect
ESA listed species or critical habitat =

Informal Consultation

May Affect, and IS Likely to Affect
ESA listed species or critical habitat =
Formal Consultation and issuance

of a Biological Opinion to determine
whether the action jeopardizes the

continued existence of the species or
is likely to adversely modify its critical

habitat

End of Consultation Process

Figure 1.  Consultation process.
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alternation.  This opens the door for the ESA to have 
enormous impact on water allocation decisions.  
In reality, however, Section 9 has had a relatively 
modest role in the ESA enforcement generally 
and almost none with regard to aquatic species  
(Cheever and Balster 2004).  Reasons include lack 
of political will to enforce the statute and difficulty 
surmounting the “proof problems” associated with 
meeting the “actual injury” requirement.

ESA’s Consultation Process
The enforcement of the ESA  is focused on 

consultation provisions under Section 7 of the 
ESA.  Among other provisions, Section 7 requires 
all Federal agencies to consult with the appropriate 
wildlife agency to ensure that their actions are not 
likely to jeopardize the continued existence of 
listed species or result in destruction or adverse 
modification of critical habitat (Figure 1).

The consultations process applies to all Federal 
“actions,” a term broadly defined by the courts to 
include not only direct construction projects but 
also the granting of licenses and contracts and 
the promulgation of regulations (Sullins 2001).  
The annual delivery of water under Bureau of 
Reclamation water service projects, for example, 
has been a source of much ESA litigation (Tarlock 
2008).

Once an action agency determines that its 
proposed activity may affect a listed species or its 
critical habitat, it proceeds in one to two directions. 
If the activity “may affect, but is not likely to 
affect” the species, the consultation required is 
“informal.”  Informal consultation involves the 
action agency and the appropriate wildlife agency 
(the U.S. Fish and Wildlife Service for land and 
fresh water species or National Marine Fisheries 
Service for marine and anadromous species) to 
share information regarding the proposed activity 
in order to assist the action agency in determining 
whether formal consultation is necessary.  If the 
agencies conduct a “Biological Assessment” and 
determine that the proposed activity is not likely to 
adversely affect the species or its critical habitat, 
no further consultation is required. 

If, however, either through informal consultation 
or because the action agency is already certain that 
the action “may affect and is likely to affect” the 
species, formal consultation is required. Formal 

consultation is a comprehensive process that 
results in the issuance of a “Biological Opinion,” 
an analysis of whether the proposed action would 
be “likely to jeopardize the continued existence of 
the species or adversely modify designated critical 
habitat” (E.S.A. § 7).   If a jeopardy determination 
is made, the biological opinion identifies any 
“reasonable and prudent alternatives” that would 
allow the action agency to move forward with the 
proposed activity.  Biological Opinions include an 
“Incidental Take Statement,” anticipating that some 
“take” of species may result from the proposed 
project. The Incidental Take Statement includes 
terms and conditions designed to reduce the impact 
of the anticipated “take” that are binding on the 
action agency (U.S. Fish and Wildlife Service 
2009). 

In contrast with Section 9, there are multiple 
instances where the consultation process has 
resulted, in some cases dramatically, in the 
reallocation of water resources. Well known 
examples include the Bureau of Reclamation’s 
Klamath Project, a Federal water project spanning 
the borders of southern Oregon and northern 
California, in which the consultation process 
required Bureau of Reclamation to meet certain 
river flow requirements and also establish a water 
bank to supplement river flows to protect three 
fish species: the shortnose sucker, the Lost River 
sucker, and the coho salmon. (General Accounting 
Office 2005).  In Texas, water withdrawals from the 
Edwards Aquifer retarded interconnected spring 
flows and impaired the habitat of a number of 
threatened and endangered species, including the 
fountain darter.  In response to litigation, the Texas 
Legislature created the Edwards Aquifer Authority, 
which established a permit system for ground 
water withdrawals and limited total pumping from 
the aquifer through a series of staged reductions. 
(Votteler 1998, 2002).

Case Study:  Irrigation Practices 
in North-Central Washington’s 
Methow Valley

Though less  publicized, the irrigation  withdrawals 
in Washington’s Methow Valley,  located in the 
north-central Washington’s Okanogan County, 
present an excellent case study of the potential 
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impact of the ESA on water use. The Methow 
River and its tributaries are part of the Columbia 
River basin, and much of this sub-basin is located 
in the 1.5 million acre Okanogan National Forest.   

Once an abundant resource of great cultural, 
economic, recreational, and symbolic importance to 
the region, wild salmon and steelhead now occupy 
slightly more than half of their historic range in the 
Pacific Northwest (Committee on Protection and 
Management of Pacific Northwest Anadromous 
Salmonids, National Research Council 1996, 
Taylor 1999).  This portion of the Columbia River 
ecosystem has three ESA-listed aquatic species: 
Columbia spring-run Chinook salmon and upper 
Columbia steelhead (anadromous species managed 
by National Marine Fisheries Service), and bull 
trout, managed by U.S. the Fish and Wildlife 
Service (National Marine Fisheries Service 2008).   

While much of the recovery focus for these 
species has been on the impact of dams as barriers 
to fish passage, habitat is also a major concern.  
Major threats include the degradation of key 
habitat through the dewatering of streams and the 
entrainment of fish.  Stream diversions leave less 
water in the natural channel, raising temperatures 
above levels that support fish and making remaining 
habitat less viable.  In extreme cases, the complete 
dewatering of streams can fragment habitat or 
eliminate it altogether.   Entrainment occurs when 
fish are unintentionally diverted – along with water 
– into unscreened irrigation ditches.  Both these 
threats have been identified as habitat concerns 
that must be addressed in recovery efforts (Federal 
Caucus, Columbia River Fish and Wildlife 
Recovery 2001).

Enter the consultation process. In 1998, 
the Okanogan National Forest conducted a 
Biological Assessment of its special use permits 
on the Chewuch River, one of the Methow’s larger 
tributaries.  This area provides relatively pristine 
habitats for aquatic species; the watershed includes 
large portions of the Pasayten Wilderness.  The 
special permits under consultation were initially 
granted decades ago, when settlers constructed a 
ditch across Federal lands for irrigation purposes.  
The Skyline Ditch Company applied for and 
received its original permit in 1903 to construct 
and maintain a ditch diverting water from the 
Chewuch River.  Similarly, Harry Braggs and others 

received a special use permit in 1910 to construct 
and maintain the Early Winters Ditch taking water 
across Federal lands from Early Winters Creek. 

The special use permits reserved the Secretary 
of Interior’s discretion to either revoke or modify 
the permits. In the case of the Skyline Ditch, the 
original permit stated that “[i]t is further agreed and 
understood that the permission herein granted is 
subject to revocation by the Secretary of the Interior, 
in his discretion, at any time, notwithstanding 
the period for which this agreement is approved 
may not have then expired.”  The Early Winters 
Ditch agreement in 1910 similarly stated that the 
permittee “shall comply with all the laws and 
regulations governing National Forests” and that 
the permit “shall terminate . . . at the discretion 
of the Forester” (County of Okanogan v. National 
Marine Fisheries Service 2003a).  

Both permits were renewed several times, and 
all renewals continued to reserve the Federal 
government’s discretion. In later years, the 
renewals of the permits explicitly noted that the 
permittee “will comply with the then-existing laws 
and regulations governing the occupancy and use 
of National Forest Lands” (County of Okanogan 
v. National Marine Fisheries Service 2003b).  In 
1998, the special use permitees were sent with 
notices stating:

Please note that the consultation process for this 
ditch has not been completed with the (National 
Marine Fisheries Service) for the steelhead trout 
and the chinook salmon nor with the (Fish and 
Wildlife Service) for the bull trout. When the 
consultation is completed, it may be necessary 
to amend this permit to include conditions which 
may be required by the (National Marine Fisheries 
Service) or the (Fish and Wildlife Service)  
(County of Okanogan v. National Marine Fisheries 
Service, 2003a).  
The Biological Assessments conducted in 1998 

concluded that the Skyline Irrigation Ditch’s fish 
screen was ineffective in protecting the steelhead 
trout and that continued operation of the ditch was 
likely to adversely affect steelhead and chinook 
salmon, in part due to the large amount of water 
diverted from the river. It also found that the Early 
Winters Ditch was likely to adversely affect the 
steelhead and chinook by “adversely affecting 
nesting and spawning areas” (County of Okanogan 
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v. National Marine Fisheries Service 2003a).  
The Forest Service then initiated formal 

consultation.  In 2000, National Marine Fisheries 
Service issued a Biological Opinion regarding both 
ditches.  It concluded that, because the Early Winters 
Company planned to use ground water wells in lieu 
of surface water during low flow conditions, “it was 
not likely to jeopardize the steelhead and chinook.” 
(County of Okanogan v. National Marine Fisheries 
Service 2003a).  In the case of the Skyline Irrigation 
Ditch, however, the agency found that the proposed 
modifications to the head gate and the fish screen 
were insufficient, and that continued operation is 
“likely to jeopardize the continued existence of 
both steelhead and spring chinook salmon and 
result in the destruction or adverse modification of 
designated critical habitat” (County of Okanogan 
v. National Marine Fisheries Service 2003a). The 
Forest Service responded by implementing the 
“reasonable and prudent measures” recommended 
by National Marine Fisheries Service with regard 
to the Skyline Irrigation Ditch necessary to avoid 
the jeopardy finding, which included a limit on 
stream diversions to avoid low flows.  With regard 
to the Early Winters Ditch, the Forest Service went 
ahead with the ground water supplementation 
proposal that National Marine Fisheries Service 
found sufficient to avoid jeopardy.  It then modified 
the special use permits to reflect these changes.

Both ditch companies sued the Forest Service, 
arguing 1) the agency lacked authority to limit 
stream flows to protect fish under the ESA and 2) the 
restrictions were an unconstitutional taking 
of property under the Fifth Amendment. They 
asserted vested property rights to the water under 
Washington’s state water law:

In this case, the Federal government’s denial of the 
use of the ditch is an attempt to conflate the right 
to control the ditch into a right to control water 
flows. The sole aim of Forest Service’s instream 
flow condition is not to protect or exercise its 
interests in the ditch itself, but in fact to utilize 
the water for instream purposes related to the 
preservation of endangered and threatened fish. 
In short, the government is appropriating the use 
of the water in contravention of the  Appellants’ 
rights to that use. Accordingly, the Forest Service’s 
conduct is not merely the exercise of regulatory 
discretion or a power of contract over the use of 

federal property, but an appropriation of a private 
right (County of Okanogan v. National Marine 
Fisheries Service 2003b).
The Ninth Circuit disagreed, holding that the 

special use permits reserved ample discretion to 
modify them as necessary to achieve compliance 
with federal law and regulations, including the 
ESA:  “[the law] specifically authorizes the Forest 
Service to restrict such rights-of- way to protect fish 
and wildlife and maintain water quality standards 
under federal law, without any requirement that the 
Forest Service defer to state water law”  (County 
of Okanogan v. National Marine Fisheries Service 
2003a).  

In doing so, the court was quick to point 
out that its ruling was based on the fact that the 
Forest Service was exercising its management 
authority granted by the Federal Land Policy 
and Management Act and that the ESA did not 
confer the agency with new authority to restrict 
water rights. Citing the landmark Supreme 
Court decision Tennessee Valley Authority v. Hill 
(1978), it emphasized that the ESA “amplifies the 
obligation of federal agencies to take steps within 
their power to carry out the purposes of this act.” 
(County of Okanogan v. National Marine Fisheries 
Service 2003a) (emphasis in original).

The Methow case study stands for the proposition 
that, where a Federal agency has management 
authority, this authority may be exercised to restrict 
water uses to protect species under the ESA.  The 
ESA requires the agency to avoid jeopardizing 
and instead assist in efforts to recover the species.  
While the focus here was on the Forest Services’ 
authority, the same holds true for any federal 
agency, including the Bureau of Reclamation, who 
is responsible for providing irrigation water to over 
140,000 farmers operating over 10 million acres 
(U.S. Bureau of Reclamation 2007).  As a result 
of the Methow decision, the water users complied 
with limits in the special uses permit in accordance 
with consultation document recommendations 
(Gehlert 2008, Health 2008, Johnson 2008).

Constitutional Constraints
As the water users in the Methow case study 

pointed out, the Federal government can exercise 
its authority in a way that “takes” property, and, 
when it does, compensation is due. The Fifth 
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Amendment provides that private property 
shall not “be taken for public use, without just 
compensation” (U.S. Constitution Amendment V).  
A “taking” can be physical, in instances in which 
government actually appropriates an individual’s 
property, or regulatory, in cases where the level of 
government control over an individual’s property 
is so great that it effectively rises to the level of 
eminent domain; government compensation if the 
result is a “taking” of private property under the 
Fifth Amendment. (Benson 2002).

In the ESA context, “takings” cases are rarely 
successful.  However, a United States Court of 
Appeals for the Federal Circuit decision recently 
opened the door to more “takings” claims for water 
users who are adversely affected by government 
constraints on water use.  In Casitas Municipal 
Water District v. United States, water users with 
contracts in the Bureau of Reclamation’s Ventura 
River Project brought a “takings” claim when, in 
consultation with the National Marine Fisheries 
Service, the project was required to install a fish 
ladder and divert water to the fish ladder to protect 
the endangered West Coast steelhead trout. 

The Casitas court held that the government 
action, which required diversion of water towards 
the fish ladder and away from the irrigation canal, 
constituted a “taking” under the Fifth Amendment.  
The court emphasized that the government had 
effectively taken physical possession of water 
for government use by requiring the water to be 
rerouted through the fish ladder for the public 
purpose of protecting trout.

Previous to this ruling, there was only one 
published case in which efforts to protect species 
under the ESA was held to constitute a “taking” 
of property under the Fifth Amendment: Tulare 
Lake Basin Water Storage District v. United States. 
(Benson 2002). In Tulare, the Federal Court of 
Claims held that water users in central California 
suffered a physical taking of property when water 
restrictions during the 1992-1994 irrigation seasons 
occurred to protect two listed species – winter-run 
chinook salmon and delta smelt.

Subsequent rulings, however, had limited the 
Tulare decision and instead have employed a 
regulatory taking analysis to government efforts to 
limit stream diversions to protect species.  Under 
a regulatory takings analysis, a government action 

is only a compensable “taking” under one of three 
circumstances: 1) when the regulation requires 
an owner to suffer a permanent physical invasion 
of his or her property; 2) when the regulation 
deprives the property of “all use or value” or 3) 
under the Supreme Court’s three-part balancing test 
articulated in the Penn Central Transportation Co. 
v. New York City (1978) the government restriction 
is so great that it rises to the level of a “taking.” 
Applying the Penn Central test, the court weighs: 
1) the economic impact of the regulation on the 
property, 2) the extent to which the regulation 
interferes with reasonable investment-backed 
expectations, and 3) the character of the regulation.  
No cases applying a regulatory takings analysis 
have held that water restrictions designed to protect 
threatened and endangered species constitute a 
“taking.”  The future of constitutional boundaries 
in this area is unclear, but the Casitas case signals 
willingness by the Federal circuit to take a more 
generous view of takings claims.

Conclusion
While water law generally leaves allocation 
decisions to state government, Federal legislative 
enactments such as the ESA have the potential to 
achieve reallocation of water resources.   Examples 
including ESA enforcement efforts to protect 
salmonids in Washington State’s Methow Valley 
demonstrate that Federal laws can achieve water 
resource reallocation. Such actions may require 
government compensation if the result is a “taking” 
of private property under the Fifth Amendment.
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The Sacramento - San Joaquin Delta is 
California’s hydrological hub in a system 
that wheels water from where it falls in 

the north to where it is used in the south. This hub 
has been in operation since the 1940s, when the 
Federal Central Valley Project went into operation. 
In the 1970s, its importance grew as the State Water 
Project came on line. Even before the Delta was a 
hub, it was a place where people lived and farmed. 
It was also a place where fresh water from rivers 
(the Sacramento, San Joaquin and others) mixed 
with salty water from the San Francisco Bay to 
form a unique brackish ecosystem.

For many years, the Delta was all things to all 
people – a hub for moving water, a place to live 
and work, and a place of nature. Then the Delta 
estuary began showing strain. Among other signs 
was a decline in the health of the Delta Smelt, 
which lives in the Delta, and salmon and steelhead 
that migrate through the Delta as hatchlings going 
to sea and adults returning to spawn.1

A Dec. 14, 2007 decision by Judge Oliver 
W. Wanger of the US District Court in Fresno 
has made the Delta Smelt into one of the most 
(in)famous species in the West (Department of  
Water Resources 2007). In a nutshell, Wanger said 
that the pumps that export water from the Delta 
and into the Central Valley Project and State Water 
Project harm the smelt – both through higher 

mortality (they die of fatigue when the pumps affect 
water flows) and morbidity (they are weakened by 
changes in the salinity and competing with invasive 
spieces for food). Since the smelt is protected under 
the Endangered Species Act (ESA), its survival 
has a higher priority than operating the pumps. 
To protect the smelt, Wanger ordered pumps to be 
operated in accordance with guidelines designed 
by the US Fish and Wildlife Service (FWS). FWS 
issued these guidelines, in the form of a Biological 
Opinion, on Dec. 15, 2008. Since the Opinion 
has done nothing to ease pump operations, it 
is unpopular with groups that prefer otherwise. 
Wanger has also ordered a new Biological Opinion 
on salmon and steelhead, which is likely to find 
similar, adverse effects from pumping.

All of this “fishy” business is relevant because 
California was in its third year of drought. Recent 
exports from the Delta have averaged about 6 maf 
(million acre-feet), divided roughly 40/60 percent 
between the Central Valley Project and State Water 
Project.2   Deliveries in 2009 are currently projected 
to be 10/60 percent of contracted volumes to Central 
Valley Project agricultural and urban interests and 
40 percent to all State Water Project contractors. 
Although less than 20 percent of the reduction in 
deliveries can be blamed on the Wanger decision, 
every drop counts.3

For some, Wanger’s decision was a welcome 
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acknowledgement of trouble in the Delta. For 
others, Wanger’s decision is a costly mistake.4 
Although these positions appear irreconcilable, 
everyone does agree on one thing: The Delta is 
broken and should be fixed.

In this paper, I describe efforts to fix the Delta, 
beginning with relevant features (history, problems, 
and stakeholders) in the first three sections. In  the 
next two sections, I discuss possible solutions. In 
the final section, I conclude that we are unlikely 
to see a Delta solution anytime soon. Why?  It’s 
not just that the problems are complex, but also 
because resolution would not benefit politicians 
and bureaucrats.

Water and Fish versus Money and Votes
Let us begin by oversimplifying history into two 

eras.5  Before World War II, California’s population 
and economy was broadly compatible with its 
physical and biological characteristics. Many of 
the redwoods still stood, many rivers were not 
dammed, and many canals were local.6  Southern 
California had a smaller share of the state’s 
population. Agriculture was labor intensive and 
locally irrigated. Food traveled a shorter distance 
to the table.

This world was not to last for long; change 
was already coming. During the 1930s, Hoover 
Dam, the Central Valley Project, and the Colorado 
River Aqueduct (which connects the Colorado 
River to urban Southern California) were under 
construction. Although the Depression and World 
War II had major impacts on these projects, the 
impacts basically sped things up. The defense 
industry grew near Los Angeles, agriculture 
became more mechanized, and technology (cars, 
roads, air conditioning) grew cheaper and more 
common.

After World War II, we entered an era of 
increasing prosperity. The Central Valley Project 
allowed dry-farmed land to be irrigated, the 
Colorado River Aqueduct allowed Los Angeles 
and other cities to expand, and petroleum allowed 
us to use more energy in more ways. This Age of 
Abundance continued well into the 1960s, when 
negative environmental impacts (smog, dirty water, 
vanishing forests, etc.) became too big to ignore.

The environmental movement moved from fringe 
(Silent Spring was published in 1962 and Science  

published “The Tragedy of the Commons” in 
1968) to mainstream (Hardin 1968).  In 1970 came 
the first Earth Day, the creation of the EPA, and 
a significant strengthening of the 1963 Clean Air 
Act. The Clean Water Act was signed in 1972. The 
environmental movement gained political strength 
because people worried about the increasing impact 
of negative externalities (unintended costs that 
you bear when someone else acts) on their lives. 
Because negative externalities are not factored into 
decisions made in markets (e.g., gasoline buyers 
do not pay for pollution), they are considered a 
variety of “market failure.” The generic response 
to market failure is a call for political intervention, 
and the environmental movement uses political 
tools to advance their goals.

Here’s the point of this long overview: The 
Delta has been instrumental in creating many 
economic benefits, but these benefits have come 
at an environmental cost. Since environmental 
issues are generally resolved through politics 
– not economics – it is hard to reconcile or trade 
economic benefits with political costs. (By the end 
of this essay, you may decide that “hard” is perhaps 
too soft a word! )

Physical and Biological Features

In its “natural” state, the Delta receives an 
average of approximately 21 maf of water from 
the Sacramento (85 percent) and San Joaquin (15 
percent) rivers. These flows vary with precipitation 
(from lows of 8.5 maf to highs of 52 maf) and 
season (peaking in late-spring/early-summer). The 
variation in these flows and their interaction with 
the salt water of the San Francisco Bay has created 
a unique ecosystem. Historically, water would flow 
through into the Delta and west into the Bay and 
Pacific Ocean, via the Golden Gate (see Figure 1).

After gold was discovered in California in 1849, 
the population of the Bay Area rapidly increased. 
Settlers in the area found the Delta to be fertile 
but dangerous. The Sacramento and San Joaquin 
rivers would flood in winter. The Delta was a maze 
of peat islands and channels. This ecosystem was 
good for fish and bugs but not so great for cities 
and farms. So people began “fixing” things.

Political and Economic Features

The first major modification to the Delta 
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happened to the north, where surface water 
diversions from the Sacramento River were used 
for farming and mining. Both of these “beneficial 
uses” created property rights but the rights had 
different definitions. Farmers next to rivers had 
riparian rights to divert for local use. Miners (and 
farmers) with appropriative rights could divert for 
use elsewhere. The idea of appropriating water 
to be used away from the river or watershed was 

born in the western U.S. (Powell et al. 1879). 
Although appropriation was a good idea then, 
“over appropriation” has created complications. 
One obvious complication concerns return flows, 
seepage, etc. A riparian diversion will have a 
milder impact on local ecology than the same 
appropriative diversion.

The second major modification began with 
farming in the Delta. Farmers built levees to 

Figure 1. The Sacramento-San Joaquin Delta.
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prevent flooding of Delta islands and to protect the 
rich, peaty soil. Over time, land elevation dropped 
from a combination of erosion, oxidization, 
compaction, and reduced augmentation from 
annual floods. When the surface dropped below 
sea level, islands and levees became “polders” and 
“dikes,” respectively. These Dutch words brought 
Dutch technology – pumps that moved seeping 
water from inside dike-protected polders to the 
water channels outside (see Figure 2).

The third major modification began with the 
Central Valley Project, a massive system of 20 
dams/reservoirs and hundreds of miles of canals 
north and south of the Delta designed to regulate 
water flows (reduce flooding and increase reliable 

delivery) and improve water quality (lower 
salinity) for communities and farmers north, south, 
and in the Delta. The biggest beneficiaries of the 
Central Valley Project were farmers south of the 
Delta. They got more water, of better quality, in 
places that had not received water in the past. The 
CVP had two major impacts: it dampened seasonal 
fluctuations in water flows to and through the Delta 
(drying out flooded areas and irrigating dry areas), 
and it redirected flows from the Delta. Central 
Valley Project pumps pulled water that normally 
flowed west and out the Golden Gate south and 
into the Delta-Mendota canal. Although exports 
were not absolutely large (perhaps 2-3 maf out of a 
total flow of 21 maf), they were large relative to the 
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Figure 2. From islands and levees to polders and dikes to submerged land. (Source: Mount and Twiss 2005).
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volume and direction of natural flows.
The Central Valley Project’s success attracted 

attention from farmers and urban interests in the 
southern end of the state, and the State Water 
Project was soon under consideration.7 The first 
contracts were signed in 1960 by an urban water 
wholesaler, the Metropolitan Water District of 
Southern California, which ended up with about 
half of all the contracts. The other contracts were 
signed by urban and agricultural contractors. In 
contrast to the Central Valley Project, most SWP 
water goes to urban areas. The State Water Project 
extended a trend begun by the Los Angeles and 
Colorado River Aqueducts: importing water from 
distant places to enable more people to settle in the 
dry region. Although some may claim that these 
projects brought water to the people, the reverse 
was also true.8

What Killed the Fish? 
It’s widely acknowledged that the Delta 

ecosystem has deteriorated, a result with many 
causes. In this section, I give a brief description of 
the leading suspects. All of the causes have some 
effect, but it is hard to attribute relative magnitudes. 
That do not keep people from assigning blame to 
others and deflecting criticism from themselves. 
Unfortunately, a lack of understanding (and 
agreement on attribution) makes it more likely 
that the cost and effectiveness of Delta ecosystem 
restoration will be higher in political, economic and 
biological terms. In the worst case, massive resource 
expenditure would result in no improvement.

Levees and Subsidence

The Delta was a wetland before the Gold Rush. 
Ever since then, “reclamation” has changed the 
ecosystem in artificial ways that reflect human 
priorities. Even worse, the Delta’s geography 
has hardened around human institutions (roads, 

islands/polders, water flows and quality) – stifling 
the variability within which native species co-
evolved.

Invasive Species

The accidental and intentional introduction of 
invasive species (asian clam, striped bass, etc.) has 
harmed native species through competition over 
food and direct predation. Invasive species thrive 
in the artificially stable ecosystem that humans 
have created to maintain water quality for export. 
Interestingly, an effort to remove striped bass (a 
fish that competes with and eats smelt) is opposed 
by sport fishermen (Zieralski 2009).

Water Flows and Quality

Although the Sacramento River brings an average 
annual flow of about 18 maf to the Delta and about 
18 maf of water flows through the Golden Gate 
each year, the timing, direction, and quality of these 
flows has changed. Spring floods no longer occur. 
Fresh water ebb and flow is dampened. Pumps that 
export from the southern end of the Delta change 
local water dynamics (timing, temperature, salinity, 
direction). Local and imported agricultural and 
urban discharges lower water quality. Numerous 
chemicals and residues of varying concentrations 
interact in ways that nobody understands.

Climate Change

Although the effects of climate change on 
the Delta are not yet troublesome, the arrival of 
(predicted) “flashier” water flows, warmer water, 
hotter temperatures, and higher sea levels will not 
be helpful. Things will be even worse if climate 
change increases demand and reduces supply in 
the state.

All Water Politics Is Local
Because the Delta lies at the heart of California’s 

Table 1. Stakeholders, solutions and costs (estimated from capital costs with a five percent discount rate).

Supporters Favored Action Annual Cost
In Delta Save Delta $250 million
N and S of Delta Peripheral Canal $250 million
Environmentalists Radical Ecology $4 billion
Bureaucrats Muddle Along zero
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water distribution system, “local” events affect 
people in distant places. These people, naturally, 
complain when their situation deteriorates, and 
their politicians head off to Sacramento to lobby 
for relief. Unfortunately, the usual solution (throw 
money at the problem) is not available because it 
is very expensive to spend money to make water.9 
Without money as a lubricant, politicians are forced 
to play a zero-sum game of water allocation where 
the gains to one group are the losses to another. Not 
surprisingly, these “games” are less about fun and 
more about high-stakes rhetoric, brinkmanship, 
and maneuvering. In this section, I describe the 
main stakeholders in the Delta. Table 1 gives an 
overview of the groups, their favored actions, and 
back-of-envelope annual costs of those actions 
(discussion actions and costs in Section “Fight and 
Compromise”).

Communities in the Delta

Historically, most Delta residents have used 
local fresh water to grow crops. In the past 20-
30 years, the urbanization of the Bay Area-
Sacramento corridor has brought greater economic 
diversity to the area and increased the density of 
communication, natural gas, and rail and road 
networks. The Delta also has recreational value to 
locals and outsiders who enjoy its beauty, boating, 
and wildlife. The two million person Sacramento 
metropolitan area has affected the eastern side of 
the Delta. Floodplains have been drained, protected 
with levees, and developed. Urban areas draw out 
fresh water and discharge treated waste water (and 
sometimes raw sewage) in the Delta area.

These communities overwhelmingly support 
extending the status quo. Local farmers benefit 
from the north-south flow of water pulled by Central 
Valley Project and State Water Project pumps 
because the passing water stays fresh year-round. 
Local communities depend on State-supported 
levee maintenance to keep their “islands” dry and 
infrastructure operative.

Communities South of the Delta

People south of the Delta fall into three 
categories. The farmers on the east side of the 
San Joaquin Valley get their water from rivers and 
ground water.10  The farmers on the west side get 

their water from the Central Valley Project, State 
Water Project and ground water. Local communities 
are heavily dependent on agricultural production. 
Urban dwellers in Los Angeles and further south  
get their water from the State Water Project. 
Generally speaking, all of these communities want 
water exports from the Delta to continue.

Communities North of the Delta

Communities living in the Sacramento River 
watershed north of the Delta fall into two camps: 
Farmers who can use their water to grow local 
crops or sell that water downstream, and non-
farmers who benefit from farmers’ economic 
activity. When farmers sell or lease their water, 
these non-farmers may suffer “third party impacts” 
from reduced economic activity.11 There is some 
controversy over the magnitude and direction of 
these impacts (positive, negative, zero), but many 
people believe they exist. These beliefs often lead 
to local ordinances prohibiting water transfers 
outside the area.

Bureaucrats

California’s Department of Water Resources 
operates the State Water Project. The Bureau of 
Reclamation (BuRec) operates the Central Valley 
Project. Generally speaking, bureaucrats at these 
organizations want to keep water flowing into 
their projects.12 California’s Department of Fish 
and Game and Environmental Protection Agency 
are similar to their Federal counterparts. They are 
culturally prone and legally directed to support 
policies that benefit the environment without 
regard to the economic costs of those policies.

These agencies have many overlapping interests, 
responsibilities and powers, which makes it 
difficult to know who can get what done. In 1994, 
the CALFED (CALifornia state agencies and the 
FEDeral agencies) Bay-Delta Program (CALFED) 
was formed to coordinate the actions of 25 
bureaucracies with a stake in the Delta. After an 
initial surge of enthusiasm, activity and spending 
of billions of dollars, CALFED has been dismissed 
as ineffectual (Legislative Analyst’s Office 2006).13  
In 2006, Governor Schwarzenegger created the 
Delta Vision Blue Ribbon Task Force (Delta 
Vision) to extend CALFED. Delta Vision had more 
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participants and a limited lifespan (two years), but 
it has no power to impose a solution.14

Environmentalists
Many environmental groups (many of them 

based in – and supported by citizens of – the San 
Francisco Bay Area) oppose water transfers as 
harmful for the local ecology, advise that water be 
used within its watershed, and lobby for discharge 
(waste water, storm water, tail water) that is free of 
contaminants (salt, ammonia, pesticides, fertilizers, 
etc.).They blame transfers for urban sprawl, loss of 
agricultural land, and wetland destruction.15  Since 
pumps that move water also use vast amounts of 
energy (the State Water Project uses 2–3 percent 
of the state’s electricity), environmental groups 
decry the carbon footprint of the State’s water 
operations.16

Fight or Compromise? 
So we now arrive at the difficult part of this 

problem – how to reconcile stakeholders’ desires 
into a solution that will “fix” the Delta. As I 
mentioned above, money (even other people’s 
money) cannot fix the Delta. The environmental 
problems can only be addressed through actions, 
i.e., changes in water and land management. For 
example, west side farmers may not sell their water 
rights (so the water can stay in the Delta) because 
they value their farming “culture” or because such 
a deal is politically impossible to sell to local 
residents.17 Keep this reality (and the zero-sum 
nature of political and legal outcomes) in mind as 
we take a look at some proposals to fix the Delta. 
(Recall that Table 1 summarizes this information.)

Muddling Along

First note that business as usual is unacceptable. 
Programs to restore fish populations (hatcheries, 
temperature and salinity management and flow 
control) have not worked very well. North and 
south of Delta interests are upset by uncertain and 
changing restrictions on their water use. Although 
in-Delta communities would be happy to carry on, 
they are also concerned by uncertain regulations. 
Even worse, these communities are likely to 
face catastrophic flooding from rising sea level 
or earthquake-induced levee failure.18  Although 
communities (in, south and north of the Delta) 

and environmentalists do not like business as 
usual, politicians and bureaucrats have benefitted 
(accidentally or intentionally) from the endless 
study and wrangling over solutions. Remember 
who will lose influence and work if the Delta is 
“fixed.”

Save (Our Version of) the Delta! 

Lund et al. (2008: 258) estimated the capital cost 
of protecting current farm operations and “Delta 
community” to be at least $6 billion. These funds 
would go towards levee repairs/upgrades and a 
salt water barrier that would prevent damage from 
earthquakes and rising sea levels, respectively. 
Since protecting built-up urban areas will cost 
$1 billion, let’s assume a marginal cost of $5 
billion to protect the Delta’s rural and agricultural 
communities in their current form.

Peripheral Canal

A Peripheral Canal would convey water around 
the Delta to the pumps in the southern Delta. Lund 
et al. (2008) recommend the Peripheral Canal for 
three reasons:
• The Peripheral Canal would deliver higher-

quality water to the pumps while reducing 
problems with “strange” flow patterns that 
adversely affect native fish. 

• The Peripheral Canal would allow the Delta’s 
salinity to return to “natural” levels and 
variations, which is likely to help native fish 
and harm invasive species. 

• The PC would increase export reliability in 
an area subject to risk from earthquakes and 
rising sea-level. 

Opposition to the Peripheral Canal centers on 
three elements:

Cost: The Peripheral Canal is projected to 
cost $5 billion and will require 2–3 years 
to build. This will only happen if numerous 
and costly studies, lawsuits, and permits are 
settled in favor of the Delta. I estimate a 
minimum of five years to get through that 
preliminary and uncertain step. 

Dead Fish: Native species may not recover 
after the Peripheral Canal is built. 

Water Grab: South-of-Delta interests may 
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use the Peripheral Canal’s capacity to 
export larger quantities of water, fueling 
“unsustainable” agricultural practices and 
urban development.19 

These opponents repeat objections given the 
first time the Peripheral Canal was proposed. 
Voters defeated a Peripheral Canal proposal 
(via ballot initiative) in 1982 in one of the most 
lopsided votes ever. Over 90 percent of northern 
Californians opposed it; about 60 percent of 
southern Californians voted in favor. 

Radical Ecology
Some feel that the best way to fix the Delta is 

to end human influence in the area. Taking the 
recent past as given, this would mean ending 
water exports, and restoring wetlands/land to a 
“natural” state. (Everyone agrees that restoration 
to pre-modern ecology would take many years and 
billions of dollars; more on that below.) Such a 
“restoration” would require massive adjustments 
to land use, employment and lifestyles.

All of these actions will have cash or opportunity 
costs. If water exports ended, then south-of-
Delta interests would see their water supplies 
fall by 6 maf per year. This reduction adds up to, 
respectively, one-third, one-third and one-half of 
the water supply to the South Coast, San Joaquin 
and Tulare Lake hydrological regions (Department 
of Water Resources 2005: vol. 3). The mainly urban 
South Coast region could replace this supply (1.3 
mafy) with reclamation or desalination at a cost of 
roughly $1.5 billion/year.20

The mainly agricultural San Joaquin and Tulare 
Lake regions cannot afford to pay $1,200/af for 
replacement supplies. Those regions would cope 
with reduced deliveries with a mix of water markets, 
conservation and fallowing. As an upper limit to 
this cost, assume that the four biggest agricultural 
counties in the region (Fresno, Kern, Merced and 

Tulare) fallow their land and reduce their output 
in straight proportion to these water losses. Given 
gross agricultural output of $12.6 billion and 33/50 
percent fallowing by, respectively, Fresno/Merced 
and Tulare/Kern, that means an annual output 
reduction of $5.3 billion (United States Department  
of Agriculture 2007). This number is an upper 
limit, since farmers will change their crop mix and 
increase water marketing and conservation.21

Note that the end of exports also means the 
end of annual operating costs from Central Valley 
Project/State Water Project pumping, treatment, 
etc. Assuming an 80/20 ag/urban split and costs of 
$30/$150/af, the savings from not sending 6 mafy 
from the Delta would be about $320 million/year. 
So, let’s say that an upper limit on annual costs 
would be $5 billion.

For an alternative calculation of this $5 billion 
total,22 consider Lund et al. (2008), who say (p. 83) 
“ending water exports, as a long-term water supply 
solution, would probably cost at least $1.5 billion 
per year or perhaps as much as $2.5 billion” Let’s 
call that $2 billion.

As a ballpark figure, let’s say that the cost of 
restoring wetlands would be about $1 billion per 
year.23

Thus, radical ecology would cost from $3 to 
$6 billion per year. Let’s use $4 billion as a round 
number.24

Is $4 billion a year expensive?  That depends. As 
an absolute cost, it’s less than one-quarter percent 
of the state’s $1.6 trillion economy. Relative to 
the one-time, capital cost of the Peripheral Canal 
($5 billion), it’s quite a lot. But then we have to 
consider the environmental value of a radically-
ecological Delta relative to a Peripheral Canal or 
protected Delta. How much is that worth?  Well, 
that’s a subjective question that we can only 
evaluate with a “put your money where your mouth 
is” mechanism, i.e., markets.

Table 2. The market for solutions uses pledges to determine an action, pay the cost of the action and compensate losers.

Action Pledge Cost Votes Population Transfer
Save Delta  $6 bil  $5 bil  1 bil (25%)  3 mil  + $833/capita

Peripheral Canal  $8 bil  $5 bil  3 bil (75%) 15 mil  + $500/capita

Radical Ecology $90 bil $80 bil 10 bil 16 mil - $5,625/capita
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Markets
Markets are good for reconciling people’s 

subjective values for goods. They are also good at 
testing the strength of people’s “rock-solid” beliefs. 
After all, someone who claims that they would die 
for their point of view should be willing to pay for 
that view, right?  While economists will agree with 
me, others may claim that “moral” questions are 
unworthy of filthy lucre. In other words, they would 
rather spend other people’s money. Obviously 
nonetheless, consider this “market” method of 
reconciling diverging beliefs.

Begin with three different options (save the 
Delta, peripheral canal, radical ecology). Now 
allow individuals (not organizations) to pledge 
money (not votes) to their choices. Money pledges 
are assigned, first, to the total – not annual – cost 
of each choice. Assuming a five-percent discount 
rate, that means $5 billion to protect Delta 
communities, $5 billion for the PC, or $80 billion 
for radical ecology. Remaining money pledges are 
then assigned to “votes,” and the choice with the 
most votes wins. Here’s the cool part: Money from 
the winners goes to the losers in proportion to their 
votes.

For example, Delta residents pledge $6 billion, 
Peripheral Canalers pledge $8 billion, and radicals 
pledge $90 billion. After deducting “costs,” these 
pledges result in, respectively, 1 billion, 3 billion 
and 10 billion votes for each choice. Since the 
radicals are willing to pay the most, they give $10 
billion to Delta residents and PCers, who divide 
that money 25/75 in proportion to their votes. See 
Table 2 for a summary of this process.

Let’s say that there are 3 million Delta 
supporters, 15 million Peripheral Canal-supporters 
(3 million from the Valley and 60 percent of the 
southern coast’s 20 million population – in line 
with the share who voted for the Peripheral Canal 
in 1982) and 16 million radicals (8 million from 
the San Francisco Bay Area plus 40 percent of 
the 20 million people on the southern coast). 
That means per capita payments of $833 to Delta 
residents, $500 to PCers and $5,625 from radicals 
($625 transfer plus $5,000 to implement the plan). 
If participation is lower than 100 percent, per 
capita numbers will rise. In fact, it’s easily possible 
that pledges will not even rise above cost. If that 

happens (e.g., radicals pledge $10 billion – 12.5 
percent of the cost of their vision), then we know 
who really believes – and who wants others to pay 
for their beliefs.

Back to the Future? 

So what will happen? 25 Some people have very 
strong feelings about the Delta and how it should 
be managed. Most of them prefer to fight in the 
courts and legislature – attempting to get their 
preferred outcome at low cost to themselves and 
a much higher cost to others. In short, we will see 
continued conflict (perhaps 3-4 years) over the right 
to allocate “Other People’s Money” towards the 
pet projects of each special interest. Politicians and 
bureaucrats have every reason to encourage this 
fracas. The former because they can wield power 
(and collect “persuasive” campaign contributions); 
the latter because many of them earn a living 
“working” on a solution. Who loses?  The fish.

End Notes
1. Although the winter-run Chinook salmon population 

was known to be in steep decline over twenty years 
ago, responses were mostly ineffective. The 1992 
Central Valley Project Improvement Act (CVPIA) 
dedicated 800 taf of water to restoring the health of 
fisheries, but health did not return.

2. One million acre feet (maf) is 1,235 gigaliters. One 
acre-foot is about 326,000 gallons.

3. According to Martin (2009), the California 
Department of Water Resources calculates that 
Wanger-related water restrictions to protect the 
Delta Smelt reduce Central Valley Project/State 
Water Project deliveries by 420 taf (16 percent) in 
dry years and 2.09 maf (30 percent) in wet years.

4. In May 2009, Wanger ordered the U.S. Fish and 
Wildlife Service to consider the impact of reduced 
pumping on humans and communities.

5. Read Department of Water Resources (2005) or 
Carle (2009) to learn about California’s current 
water situation. To learn about California’s water 
development, read Boyle et al. (1971); Kahrl (1979); 
Gottlieb and FitzSimmons (1991); Hundley Jr. 
(1992); Reisner (1993).

6. Although many canals – All-American Canal, 
Hetch Hetchy Aqueduct, Los Angeles Aqueduct 
– transported water over long distances, they were 
typically gravity fed and had smaller capacities. 
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19. The proposed design has high capacity to allow 
heavy exports during high-flood periods. These 
exports are supposed to allow for reduced exports 
in low-water periods. Skeptics think that this “big 
gulp, little sip” operational plan will turn into “big 
gulp, bigger gulp” operational reality; see, e.g., 
Minton (2009).

20. They could reduce demand through higher prices 
and/or conservation at a much lower cost; see 
Loaiciga and Renehan (1997). Also note that 
“homegrown” supplies are more reliable – a feature 
that’s very valuable to local water managers and 
politicians.

21. On the one hand, it does not reflect “income 
multipliers,” losses in capitalized land and/or 
equipment values, etc. On the other hand, these are 
gross revenues, not net profits.

22. They use the entire San Joaquin/Tulare hydrological 
region and assume agricultural areas sell water to 
cities. I assume that those cities get that water from 
desalination, reclamation, etc., leaving more water 
in the region.

23. I ignore the value of land in the Delta for two 
reasons. First, those lands will not suffer reduced 
water deliveries. Second, those lands may be 
submerged by rising sea level or earthquake. I also 
ignore the cost/benefit (of protecting the islands 
from inundation) to non-Delta communities that 
get their water, gas, etc. from networks crossing the 
Delta. 

24. Economists will note that I have not included the 
deadweight loss from reduced consumption of 
water. I exclude this loss for two reasons: This 
surplus could now arrive from the environmental 
benefits of a restored Delta and/or this surplus 
never existed, i.e., “too large” past exports created 
welfare losses. Let’s just say that deadweight losses 
are zero.

25. For alternative views of the future, see Blue Ribbon 
Task Force (2008); Lund et al. (2008); Minton 
(2009).
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When the Colorado River Aqueduct went online in 
1941, it opened an era of larger canals that moved 
water with pumps.

7. Northern Californians unsuccessfully opposed 
State Water Project funding in a 1960 vote. In 1982, 
they were successful at blocking the State Water 
Project’s “completion” – the Peripheral Canal 
(more below).

8. In some places, people only settled after water 
arrived; see Sections 3.3 and 6.5 in Zetland (2008).

9. Desalination and reclamation cost about $600 and 
$1,200/af, respectively. Water users pay about $5 to 
$500/af, a price that reflects the cost of delivery.

10. I include the Exchange Contractors in the east side 
because their legal water rights come from there.

11. Technically, farmers do not own water but water 
rights (usufructory rights), and these rights are 
often leased for one season. Like many, I say “water 
is sold” when I should really say “the usufructory 
water right is temporarily leased.”

12. In Minton (2009), Department of Water Resources’s 
former Deputy Director points out that they get 
over 90 percent of their budget from State Water 
Project revenue.

13. Minton (2009) says that its structure – consensus 
and all things to all people – meant that it was 
designed to fail.

14. Fortunately, CALFED and Delta Vision have 
produced massive volumes of scientific, economic 
and policy documents. See, respectively, http://
www.calwater.ca.gov and http://deltavision.ca.gov.

15. Some environmental groups (e.g., Environmental 
Defense Fund) support sustainable water transfers 
as a means of maximizing the social benefit from 
water.

16. The Central Valley Project produces a net surplus 
of electricity from its hydroelectric capacity, but it 
would be an even bigger net producer if it didn’t 
use most of its electricity for pumping.

17. It is widely believed that west side farmers are 
willing to compromise on most things when there is 
enough money at stake, and that they use “cultural 
damage” as a negotiating tactic, but there are 
certainly people who take farming and community 
seriously enough to resist all buyout offers.

18. These dangers are outlined in Heberger et al. (2009) 
and Lund et al. (2008), respectively. For a rejoinder 
to the earthquake scenarios in Department of Water 
Resources (2009) – but similar to those in Lund 
et al. (2008) – see Adams et al. (2007).
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In the arid western United States, water systems 
are fully allocated or nearly so.  Where new 
infrastructure (such as storage dams) might 

allow utilization of the few remaining unallocated 
flows, the financial and ecological cost of these 
is increasingly prohibitive. Therefore, water 
for new uses must usually be obtained through 
reallocation of water that has already been claimed 
and assigned within the prior appropriation 
system.  The water-rights transfer is the traditional 
reallocation mechanism.  However, economists 
tend to prefer market solutions because, when they 
work well, they provide an economically efficient 
allocation of goods and resources.  Further, they 
are seen as equitable because they achieve this 
through voluntary exchange. Some economists 
criticize prior appropriation as being hostile to 
water markets and failing to allocate water to 
the highest value uses.  It is even quipped that an 
economist is a person who “does not see anything 
special about water” (Gould 1988).  Water banking 
is touted as a potential mechanism to bring some 
market characteristics and advantages into prior 
appropriation.

For a market to function, several basic factors 
must be substantially present:
1. Property rights

a. fully specified
b. exclusive
c. enforceable and enforced
d. transferable

2. Costs and benefits internal to the players
3. Adherence to moral norms
4. Adequate numbers of buyers and sellers
5. Access to information
6. Lack of market barriers

a. Regulatory or market-access barriers
b. Transaction costs

7. Homogeneous commodity
When one or more of these required attributes is 

missing or inadequate, economists say that a market 
failure has occurred.  In that case, markets are not 
necessarily efficient or equitable.  In asserting that 
market allocation of water is desirable, or that there 
is nothing special about water, one asserts that these 
market requirements are substantially present; that 
is, that no market failure has or will occur.

Market Requirements, Rivalry, and 
Exclusion

Much has been written about water-rights 
transfers and water reallocation (an incomplete 

Abstract:  In the arid western United States, most water systems are fully allocated.  Water for new uses must usually be obtained 

through reallocation of water that has already been claimed and assigned within prior appropriation.  In Idaho, new allocations of 

ground water were made until approximately 1990.  Since then, new uses have nearly always been met by reallocation, via prior 

appropriation water-rights transfers or the operation of the Idaho Water Supply Bank.  Using number of allocations or reallocations 

per year as a proxy for the effectiveness of allocation mechanisms, it appears that transfers and the Bank have not adequately 

served the needs of society.  This indicates that Idaho’s allocation of ground water resources is inefficient; that is, that total benefit 

to society could be improved by mechanisms that more readily facilitate reallocation of water.  It appears that improvements 

to ground water banking could be made within the scope of existing Idaho water-banking statutes, to improve the allocation of 

resources, reduce conflict and facilitate economic growth.

Keywords: allocation, banking, economics, ground water



listing includes Brewer et al. 2008, Johnson et al. 
2008, Kryloff 2007, Slaughter and Wiener 2007, 
Heaney et al. 2006, Wilkins-Wells et al. 2006. 
Draper 2005, Johnson et al. 2004, Matthews 2004, 
Gardner 2003, Young and McColl 2003, Howe 
and Goemans 2003, Yoskowitz 2001, Waterstone 
and Burt 1988, Grant 1987, Anderson and Johnson 
1986, Johnson et al. 1981).  An old but enlightening 
discussion (Gould 1988) explains some of the 
characteristics of water that have resulted in the 
adoption of prior appropriation and its transfer 
requirements. Gould shows that many of the 
prior-appropriations transfer requirements seen as 
market-hostile turn out to be efforts to address the 
lack of one or more market requirements in water 
allocation and distribution.  The concepts presented 
by Gould are discussed more generally by Randall 
(1983) and may be used to examine whether there 
is something special about water. Traditional 
discussions of market failure explore issues of 
public goods, common-pool resources, natural 
monopoly, and externality. Randall asserts that these 
terms are more confusing than enlightening, and 
proposes a system where instead, goods and services 
are described in terms of rivalry and exclusion.

Rivalry is related to the physical characteristics 
of the good and the nature of uses that are made 
of it.  Randall classifies goods as rival, nonrival, 
or congestible.  Congestible goods are nonrival up 
to some capacity constraint, then become rival.  In 
water resources, one must also consider antirival 
relationships, where one use provides a benefit to 
another.  

Randall’s other criterion is exclusion, which is a 
function of institutional and technological factors.  
Exclusion and nonexclusion are important in 
water resources, though Randall also discusses the 
theoretical concept of hyperexclusion.

Whether one uses traditional market-failure 
nomenclature or Randall’s classifications, the 
concepts are useful to consider in assessing 
reallocation mechanisms. The important economic 
implication is that market requirements are met, and 
the prized advantages of markets are realized, only 
for goods that are both rival and exclusive.  Many 
aspects of water use are nonrival, congestible, 
or antirival. Some uses are technologically 
nonexclusive (flowing springs are difficult to shut 
off) and some are institutionally nonexclusive 

(Idaho minimum streamflow rights cannot acquire 
senior priority even by purchase and transfer).  
There is indeed something special about water.

Water Banking in Idaho
There are two main categories of water banking 

in Idaho, Rental Pools and the Water Supply Bank.  
Space permits only discussion of the application of 
the Water Supply Bank to ground water reallocation.  
Useful discussions of Rental Pools and surface-
water banking are provided by Briand et al (2008) 
and Slaughter and Wiener (2007).  As applied 
to ground water rights, Idaho’s Water Supply 
Bank is essentially a clearing house for trading 
of authorization to divert. It does not manage the 
physical storage or exchange of volumes of water 
stored in the aquifer, though such would appear 
possible within existing statutes.

Historical Water-Right Activity Levels

The goal of water-banking legislation was 
clearly to facilitate reallocation.  Its success can be 
measured in part by considering levels of activity.  
One can use pre-moratorium activity levels to 
estimate the amount of activity that would be 
expected with an adequate reallocation process.

Figures 1 through 3 show the number of ground 
water rights in Idaho for each year of priority, 
for various water-use categories.  Priority date 
approximates the development date of a water 
right.  These categories comprise about 95 percent 
of ground water use, either by water-right count or 
total diversion rate.

The large increase in irrigation rights starting 
about 1950 is consistent with the historical timing 
of improved pump technology and availability of 
rural three-phase electric power in Idaho.  There 
may be a slight declining trend in the number of 
new rights per year between 1950 and 1985, which 
is consistent with Gould’s hypothesis that the 
best lands would have been developed first.  As 
development costs increase and revenue potentials 
decline, reduction in activity is an expected 
outcome.  The steeper decline between 1985 and 
1990 could reflect increased protest activity that 
may have preceded the moratoriums.  The pattern 
since 1990 is consistent with imposition of a 
moratorium followed by continued development of 

Contor

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATIONUCOWR

30



Figure 1.  Number of ground water irrigation rights in Idaho by priority year.

Figure 2. Number of ground water domestic and municipal rights in Idaho by priority 
year.

Figure 3. Number of ground water stock water rights in Idaho by priority year.

Priority Year

Priority Year

N
o 

W
at

er
 R

ig
ht

s
N

o 
W

at
er

 R
ig

ht
s

31

UCOWR

Status of Groundwater Banking in Idaho

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION

Priority Year

N
o 

W
at

er
 R

ig
ht

s



some previously-permitted rights that had received 
priority advancements for various reasons.

The time series of domestic, municipal and 
stock water rights appear to be consistent with 
a steadily increasing population, except for the 
1970 - 1980 spike and the declines discussed 
above.  These data are harder to interpret because 
there is only a partial record of de minimus rights, 
which mostly are single-family domestic water 
rights and small stock water rights.  Recording of 
these is not currently required, though many were 
voluntarily recorded as part of the Snake River 
Basin Adjudication.

Expectations for Reallocation Activity

One could assume that the number of 
reallocations to irrigation would be relatively few, 
since the best lands would have been the first to 
be irrigated and there would be little economic 
justification to move water to less-productive land.  
A first estimate is that an adequate reallocation 
mechanism would allow tens to perhaps a few 
hundred transactions per year, in either case just 
a fraction of the 1,000 to 1,500 annual allocations 
that occurred prior to moratoriums.

The long-term domestic/municipal trend could 
be extended linearly into the future.  Based on the 
historical data, it is estimated that annually 1,000 
to 3,000 reallocations to domestic/municipal uses 
would occur with an adequate mechanism. 

Two different interpretations could be applied 
to stock water rights.  The first is that since all 
pastureable land is likely already in use and 
presumably has adequate stock water, there should 
be little need for reallocation of additional water 
to stock water use.  The other interpretation is that 
the dairy industry in south central Idaho could 
be expected to grow and will require continued 
reallocation. A broad-brush expectation for an 
adequate mechanism ranges from tens to hundreds 
of reallocations to stock water per year.

Combining these expectations, it is estimated 
that an adequate reallocation mechanism should be 
expected to accommodate approximately 1,000 to 
4,000 transactions per year.

Observed Reallocation Levels

Though the legislature intended that water 

banking serve as a “substitute for . . . . transfer 
proceedings” (Idaho Code 42-1764), the primary 
reallocation mechanism is still the water-rights 
transfer.  The overall effectiveness of reallocation 
should be examined by considering both banking 
reallocations and transfers.  The effectiveness of 
banking itself can be considered by comparing 
its annual activity with total numbers of 
reallocations.

In recent years, the Idaho Department of Water 
Resources (IDWR) has generally processed around 
200 to 250 water transfers per year (Keen 2008).  
Many of these involve ground water rights, though 
the current database configuration does not allow 
precise delineation by source.  Data provided by 
IDWR (Case 2008) show that there are about 520 
ground water rights currently enrolled in the Idaho 
Water Supply Bank.  Of these, 60 are rented from 
the bank and represent active reallocation activity.  
The remaining 460 are static and appear to be 
placed in the bank primarily as protection against 
water-right forfeiture. Combining transfers and 
Water Supply Bank transactions, the total number 
of actual ground water reallocations appears to be 
in the range of 125 to 300 transactions per year.  
Between 20 percent and 50 percent of these are 
facilitated by the Water Supply Bank.

Assessment of Ground Water Banking in 
Idaho

Current reallocation transactions in Idaho 
constitute about 3-30 percent of the transactions 
that would be expected in an adequate reallocation 
mechanism.  It appears that the current mechanisms 
are not fully “providing a source of adequate water 
supplies to benefit new and supplemental water 
uses” nor fully encouraging “the highest beneficial 
use of water” (see Idaho Water Resource Board 
overview of water banking at http://www.idwr.
idaho.gov/waterboard/water%20bank/Documents/
BankOverviewFAQ.pdf).  If the lower estimate is 
correct, the need for reallocations in Idaho exceeds 
the current level by an order of magnitude.  Even 
if one were to assert that overall reallocation 
approaches adequacy, the bank itself does not 
appear to be meeting its stated purpose, since its 
reallocations are fewer than those accomplished by 
water-rights transfers.
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Potential for Ground Water Banking
There is an opportunity in Idaho to improve 

the benefit society receives from a limited pool of 
water resources by allowing additional reallocation 
of water to higher-value uses. Modifications to 
ground water banking can be used to facilitate 
exchange while appropriately aligning exclusion 
and rivalry and satisfying market requirements.

Costs and benefits of trade must be internal 
to the players in a transaction. This requires the 
ability of exclusion. The prior-appropriation no-
harm transfer rule is essentially a particular form of 
exclusion.  However, it tends to generate excessive 
transaction costs and constitutes a market barrier.  
Exploring rivalry issues of reallocation of ground 
water will aid understanding of appropriate 
exclusion mechanisms for ground water banking.  

The ground water to ground water relationship of 
reallocation is theoretically rival; a gallon of water 
consumptively used from one well is unavailable 
to be pumped from another.  However, at current 
levels of development in the highly transmissive 
and productive Eastern Snake River Plain Aquifer, 
wells are independent in practical effect (though 
not nonrival by Randall’s definition).  Since 
reallocation by definition requires cessation of 
the former use, this practical independence can be 
expected to continue.

The ground water to surface water relationship 
of reallocation is more complex.  Surface water 
not hydraulically connected to the aquifer is 
independent of ground water. When the surface 
water body is connected to the aquifer, ground 
water pumping is rival to surface water use.  The 
Eastern Snake River Plain Aquifer in southern 
Idaho is hydraulically connected to some reaches 
of the Snake River and to springs tributary to the 
river.  These springs are legally classified as surface 
water.  Surface water allocation along the Snake is 
administered by reach, based on the hydrology and 
interaction of natural-flow runoff, storage releases, 
and gains and losses to the aquifer.  The degree of 
rivalry that the pumping has with a particular river 
or spring reach depends on its location.  The aquifer 
is large enough that there are significant differences 
in timing of effects to surface water.  Some wells 
affect some reaches within weeks or months, while 
impacts from other wells may not affect the river 

or springs until decades after the time of pumping.  
A reallocation that moves the point of diversion 
changes the rivalry relationships.

To its credit, the Idaho Department of Water 
Resources has recognized these potential changes 
in rivalry, and has understood that unfettered 
reallocation of ground water rights would violate 
the market requirement of costs being internal 
to the players in a transaction.  This explains the 
cumbersome analyses required for ground water 
rights transfers, and probably explains the lack of 
utilization of the Water Supply Bank as a substitute 
for transfer proceedings.  However, while addressing 
the market requirement of internalized costs these 
procedures have violated the low-transaction-cost 
requirement and have rendered ground water rights 
a non-homogeneous commodity.  Further, typical 
mitigation plans have produced un-reimbursed 
gains to non-target surface water bodies, violating 
the requirement of internalized benefits.

To meet market requirements and properly align 
rivalry and exclusion, a system of quantifying 
physical rivalry relationships must be incorporated 
with a system of tracking ownership claims.  
Aquifer response functions (Cosgrove and Johnson 
2004), also known as algebraic technical functions 
(Maddock 1972), provide the mechanism for 
physical quantification.  They have the important 
capability of distilling all recharge, discharge and 
exchange activities into time series of effects at 
defined surface water reaches that are hydraulically 
connected to the aquifer.  This assures that rivalry 
and exclusion can be satisfied, and renders banked 
ground water homogeneous.  Principles of double-
entry financial accounting provide the capability 
for tracking ownership.  The linkage between these 
two technologies is demonstrated by proof-of-
concept software available at http://www.if.uidaho.
edu/%7Ejohnson/hydroweb/reports.html.

With this accounting of water quantities 
and ownership, a ground water bank could be 
established where the units banked were the impacts 
realized at surface water bodies.  This appears to 
be compatible with existing Idaho law.  Activities 
that could be considered deposits include:
1. Temporary cessation of pumping or permanent 

retirement of a ground water right.  The in-
priority consumptive use that otherwise would 
have been supported is banked as a deposit. 
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2. Reduction due to intentional changes in 
crop mix of consumptive use that otherwise 
would have been supported by in-priority 
ground water pumping (see http://boise.
u idaho .edu/documents / IWRRI_2008-
0 0 1 _ C h a n g e I n C r o p M i x _ 2 0 0 8 0 1 2 5 .
pdf?pid=105706&doc=1). 

3. Supplying in-lieu surface water supplies to 
replace ground water pumping that otherwise 
would have occurred.  In-priority consumption 
that would otherwise have been supported by 
ground water, along with incidental recharge 
from surface water delivery which would 
not have otherwise occurred, are bankable 
deposits.

4. Intentional aquifer recharge, or the storage 
phase of aquifer storage and recovery.

5. Excess benefits created by mitigation plans.
As a hedge against technical uncertainty, 

a percentage of the deposited water could be 
deemed an uncertainty allowance, held irrevocably 
by the State and accruing to the benefit of the 
aquifer.  The demonstration software includes this 
functionality.

Under current Idaho statutes, it appears that 
direct diversion of water from the aquifer could be 
allowed as withdrawal from the bank, along with 
application of credits as mitigation for otherwise 
out-of-priority use of ground water. As with 
deposits, aquifer response functions would be used 
to quantify the effects of a proposed withdrawal, 
which would be distilled into time series of effects 
at river reaches through the use of aquifer response 
functions. This restores the important market 
requirement of homogenous goods. Double-
entry accounting and the structure of accounts 
automatically aligns the timing and location 
of impacts of withdrawals with the benefits of 
deposits, satisfying the prior-appropriation no-
harm rule and internalizing all hydrologic impacts 
of the transaction.

Credit owners may also choose to retire credits 
without extraction, specifically to ensure a benefit 
to the aquifer and interconnected surface water 
bodies. Environmental interests and holders of 
water rights in springs may have such a preference.  
With additional legislation, credit owners could 
perhaps also use their credits to offset direct 

diversion from surface water bodies.  
Prices could be set administratively as has been 

done in Idaho Rental Pools.  Alternately, market 
prices could be allowed to operate, better meeting 
the market requirements of information and lack 
of barriers. This would allow banking to more 
closely approach the market benefits of economic 
efficiency and equity.  

The effectiveness of such a banking system can 
be assessed by reviewing its ability to satisfy market 
requirements.  Table 1 provides a summary.

Conclusion
Prior appropriation is criticized for reallocation 

restrictions that appear to be market-hostile 
but in reality are attempts to address the lack of 
fundamental market requirements. This lack is 
due to the rivalry characteristics of water that arise 
from physical characteristics and the nature of use, 
along with exclusion characteristics that arise from 
technological abilities and institutional decisions.  
Water banking can be a mechanism to introduce 
some market mechanisms into prior appropriation 
by better aligning rivalry and exclusion, in order to 
better secure the market advantages of economic 
efficiency and equity. 

Ground water banking in Idaho supplies only 
part of the annual reallocation of ground water 
to new uses, with the balance being supplied 
by traditional prior appropriation water-right 
transfers.  Total reallocation activity appears to 
be significantly lower than the expected adequate 
level, based on pre-moratorium rates of issuance 
of new allocations.  This indicates that water is 
not being reallocated to highest and best uses, 
and consequently that society as a whole is not 
receiving maximum benefit from the limited water 
resources that exist.

Activity in reallocation could be increased if the 
satisfaction of market requirements and the prior-
appropriation no-harm rule were automatic and 
low cost.  This could be achieved by modifying 
ground-water banking to use aquifer response 
functions to address rivalry issues and double-entry 
accounting to address exclusion and ownership.  
Actual volumes of water stored in the aquifer could 
be banked, and market prices could be allowed to 
convey the information needed to secure the market 
efficiencies desired. Most market requirements 
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Table 1: Assessment of Ability of Described Ground Water Banking to Meet Market Requirements.
Requirement Met? Comment
Property rights

Fully specified Yes
Exclusive Partially Technologically, migration of stored ground water to 

springs and rivers cannot be excluded.  Banking credits 
that expire unused create unpriced antirival benefits.

Enforceable and enforced Yes Structurally possible, though some users may assert that 
current enforcement is inadequate.

Transferable Yes
Costs and benefits internal to players Partially See exclusion comment.
Adherence to moral norms Yes This is the subject of debate but is structurally possible.
Adequate numbers of buyers and sellers Yes
Access to information Yes If market prices are allowed.
Lack of market barriers
Low regulatory barriers Possibly Depends on implementation details; requires market 

prices.
Low transaction costs Possibly Depends on cost of operation and level of participation.
Homogeneous commodity Yes This is a consequence of using aquifer response func-

tions to distill all transactions into time series of effects 
at river or spring reaches.

could be fully met by this arrangement and all 
could at least be partially met.  The linkage of the 
two technologies has been demonstrated in proof-
of-concept form.

Author Bio and Contact Information 
Bryce A. Contor is a research hydrologist with the 
Idaho Water Resources Research Institute in Idaho 
Falls, Idaho.  His background includes an undergraduate 
degree in Agricultural Economics and a Masters Degree 
in Hydrology.  Before coming to the Institute he worked 
for a state water administrative agency and prior to that 
in irrigated agriculture.  Bryce may be contacted at (208) 
282 7846, bcontor@uidaho.edu, or at 1776 Science 
Center Drive Suite 305, Idaho Falls ID 83402.

References
Anderson, T. and R. N. Johnson, 1986.  The problem of 

instream flows.  Economic Inquiry 24(4): 535-553.
Brewer, J., R. Glennon, A. Ker, and G. Libecap.  2006.  

Presidential address water markets in the west:  
Prices, trading, and contractual forms.  Economic 
Inquiry 46(2): 91-112.

Briand, G., E. C. Schuck, and D. W. Holland. 2008.  
Effects of flow augmentations in the Snake River 
basin on farms profitability.  Journal of the American 



Howe, C. W. and C. Goemans.  2003.  Water transfers 
and their impacts:  Lessons from three Colorado 
water markets.  Journal of the American Water 
Resources Association 39(5): 1055-1065.

Johnson, G. S., B. A. Contor, and D. M. Cosgrove.  
2008.  Efficient and practical approaches to ground-
water right transfers under prior appropriation and 
the Snake River example. Journal of the American 
Water Resources Association 44(1): 27-36.

Johnson, G. S., R. L. Harris, B. Contor, and D. M. 
Cosgrove. 2004.  Ground water right transfers in 
the Snake River Plain, Idaho.  The Water Report 
10: 7-12.

Johnson, R. N., M. Gisser, and M. Werner. 1981.  The 
definition of a surface water right and transferability.  
Journal of Law and Economics 24(2): 273-288.

Keen, S.  2008.  Idaho Department of Water Resources.  
Personal communication.

Kryloff, N. 2007.  Hole in the river:  A brief history of 
groundwater in the South Platte valley.  Colorado 
Water 24(5): 9-11.

Maddock, T. III. 1972.  Algebraic technological function 
from a simulation model.  Water Resources Research 
10(1):129-134.

Matthews, O. P. 2004.  Fundamental questions about 
water rights and market reallocation.  Water 
Resources Research 40:1-8.

Randall, A.  1983.  The problem of market failure.  
Natural Resources Journal 23: 131-148.

Slaughter, R. A. and J. D. Wiener. 2007.  Water, 
adaptation and property rights on the Snake and 
Klamath rivers.  Journal of the American Water 
Resources Association 43(2): 308-321.

Waterstone, M. and R. J. Burt (Eds.) 1988.  Reliability 
in market transfers of municipal water supplies.   
By M. G. Smith. Proceedings of the Symposium on 
Water-use Data for Water Resources Management, 
American Water Resources Association TPS-88-2. 
pp. 561-570. 

Wilkins-Wells, J., T. Lepper, and L. Grasmick. 2006.  
Evaluating Colorado’s water banking experiment.  
Colorado Water August 2006: 22-23.

Yoskowitz, D. W. 2001.  Evaluation of the Texas Water 
Bank.  Technical report No. 13, Texas Center for 
Border Economic and Enterprise Development, 
Texas A&M International University.  22 p.

Young, M. D. and J. C. McColl. 2003.  Robust reform:  
The case for a new water entitlement system for 
Australia.  The Australian Economic Review 36(2): 
225-234.

Contor36

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATIONUCOWR



37

UCOWRJOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION

UNIVERSITIES COUNCIL ON WATER RESOURCES 
JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION

ISSUE 144, PAGES 37-43, MARCH 2010

Constraints to Water Transfers in Unadjudicated 
Basins:The Middle Rio Grande as a Case Study

Michael Pease 

Central Washington University, Ellensburg, WA 

Water transfers are viewed as a voluntary 
mechanism through which water 
can be reallocated in semi-arid areas 

in the southwestern United States. Despite the 
disproportion of marginal benefits received by 
various uses in the Middle Rio Grande of New 
Mexico, transfers are not frequent occurrences.  
This paper evaluates the process by which transfers 
are evaluated, and explores the notion that lack of 
supply of tradable rights constricts water markets. 

The Middle Rio Grande is a long, narrow, semi-
arid region in New Mexico extending  approxi-
mately 160 river miles from the outlet of Cochiti 
Dam in the north to Elephant Butte Reservoir in 
the south.  By most accounts, water in the region 
is grossly over-allocated, meaning there are far 
more claims to water than actual water. The basin 
must deal with significant hydrologic variance; the 
standard deviation of the Rio Grande’s annual flow 
is nearly half of the mean.  Shortages are frequent, 
and fights between uses are common, even in years 
of relatively high supply. 

In 2003, the Middle Rio Grande Water Assembly 
drafted a regional Water Plan (MRGWA 2003).  
The purpose of the plan was to evaluate water use 
and the water supply of the region.  The plan also 
attempted to quantify the regional water deficit, 
meaning the amount of water consumed that is 
over the natural rate of recharge.  The water plan 

estimates the regional deficit at roughly 55,000 
acre-feet annually.

The Middle Rio Grande is a fast-growing region, 
containing the booming cities of Albuquerque 
and Rio Rancho.  Between 2000 and 2005, the 
population of Bernalillo Country grew 8.6 percent, 
to 603,562 inhabitants (US Bureau of the Census 
2007).  This growth is leading to an increase in 
water demand adding strain to the region’s water 
supply.  

The presence of two endangered species has 
further complicated the water conundrum of 
the Middle Rio Grande. Therefore, the need to 
protect these species has created changes in the 
management of low stream flows. The Rio Grande 
Silvery Minnow (Hybognathus amarus), and the 
Southwestern Willow Flycatcher (Empidonax 
traillii) are both Federally protected species. These 
species have specific habitat requirements related 
to stream flows, and it is possible that transfers 
could be prevented, or at least delayed, because 
of species’ needs. In Rio Grande Silvery Minnow 
v. Keys (2002), Judge Parker ordered a cessation 
of diversions from the Rio Grande until minimum 
stream flows were met at various locations in the 
Middle Rio Grande.  A new Biological Opinion, 
along with new water operations are in place, but 
the possibility of water being reallocated from 
water users to endangered species still exists.   At 
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this time, individual transfers are not evaluated for 
their impacts on these species. Larger transfers and 
the cumulative impacts of transfers are considered 
by various member entities in the Middle Rio 
Grande Endangered Species Act Collaborative 
Program – a Federally-funded multi-jurisdictional 
governmental organization dedicated to the 
protection of the species.

Albuquerque  and its smaller  neighbor 
Rio  Rancho have investigated the use of large 
water projects, including trans-boundary water 
reallocations and ground water desalinization, as a 
mechanism to increase water supplies.  Albuquerque 
has recently completed a surface water project 
that will allow it to withdraw non-native water 
from the Rio Grande, water that originates in the 
Colorado River Basin and is pumped into the basin 
via a tunnel system under the San Juan Mountains.  
When flows are adequate, the City can divert up to 
94,000 acre-feet annually to meet a portion of its 
water demand. The city can consume 47,000 acre-
feet , and the rest must be returned to the River 
system at the City’s waste water treatment facility 
(U.S. Bureau of Reclamation 2004). Rio Rancho 
has explored the use of a deep saline aquifer 
approximately 2,500 feet below the surface (Clark 
2009).  

In the absence of additional large water projects, 
reallocation from existing uses may be necessary 
to meet the growing water demand.  In the Middle 
Rio Grande, the net earnings per acre-foot of 
water consumed (Table 1) is significantly lower 
than a municipality’s willingness to pay for that 
water (Niemi 1997).  Empirical evidence in the 
Middle Rio Grande suggests that reallocation is 
problematic for myriad reasons, including the lack 
of information about what rights can be transferred, 
and resistance to transfers by other water right 
holders.  

Importance of Better-Defined Water 

Rights
Often a transfer of water has unknown impacts 

on downstream users, or at least an impact that is 
difficult to quantify (Hennessy 2004, Matthews 
2003, Dellapenna 2000, Gould 1988). According 
to Gould (1988), a water right should contain the 
following information: 

a diversionary amount, 
a consumptive amount, 
the point of diversion, 
the purpose of use, 
place of use, and
the priority date of the right.  

Also important, but often omitted from water rights are, 
the time of year during which water can be 
diverted from a water course, and 
the size and location where return flows re-
enter the system.  

A change in any of these attributes can negatively 
impact downstream users.  In the Middle Rio 
Grande, few of these elements are defined – and 
none have been legally confirmed.

Matlock (2007) estimates less than one-
quarter of New Mexico’s water rights have been 
adjudicated.  Many western states suffer a similar 
dilemma – several states, like New Mexico, have, 
deliberately or not, saved the most contentious river 
basin adjudications until the end.   A full discussion 
of the utility of adjudications is beyond the scope 
of this article, but numerous articles have addressed 
this subject (Ottem 2006, Tarlock 2006). A lack 
of an adjudication may directly constrain water 
markets by limiting certainty about the product 
being purchased, and may increase transaction 
costs associated with a transfer if it is challenged 
by a third party.  The Middle Rio Grande suffers 
from a “perfect storm” lacking adjudication of 
both pueblo and state water rights.  What is known 
is the pueblo rights are senior to state rights, but 
the quantity of the senior rights is unclear.  

The New Mexico Office of the State Engineer 
(NMOSE) publically states a desire to begin a 
water rights adjudication of state rights in the 
Middle Rio Grande, despite recognizing it will 
cost an estimated $300 million and will take an 
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Table 1. Value of selected crops for the Middle Rio 
Grande, NM (Niemi 1997).  

Crop Net earnings/
irrigated acre 

($)

Net earnings/
irrigated acre/ac-ft 

water consumed ($)
Alfalfa 195  48.75
Pasture -80  -20.00
Green Chile 385   96.25
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estimated 55 years (Matlock 2007). This raises the 
questions of “Should we even bother?”, and “what 
lies in store in the meantime?”  

Even if a state adjudication were completed, this 
process would ignore the issue of quantifying the 
rights of the six Indian Pueblos in the Middle Rio 
Grande. An adjudication of a small river system 
in northern New Mexico was begun in 1966.  
Although litigation has occurred (State of New 
Mexico v. Aamodt 1976), and despite numerous 
claims of an imminent settlement, the adjudication 
has not reached completion. Because the basis of 
the Pueblo water right is unclear, it is possible only 
a small percentage of state water rights currently 
being used would receive water if the pueblos 
consumed their full allocation. This will not be 
clear until a settlement or an adjudication of Pueblo 
rights occurs.   

In the context of water transfers and the 
development of effective water markets, clarifying 
the extent of water rights has the effect of clarifying 
what is being purchased. Market efficiency is 
predicated on, among other things, an assumption 
of perfect information about what is being 
purchased. In the Middle Rio Grande, the lack of 
an adjudication of water rights makes it unclear 
whether a water right is valid – yet alone likely to 
receive water in a year of hydrologic shortage.  

Institutional Constraints
Several forms of institutional constraints are 

present in the Middle Rio Grande, further limiting 
water transfers.  First is the Rio Grande Compact 
(1938) an interstate compact signed by Colorado, 
New Mexico, and Texas.  Whether the Compact 
fully restricts transfers, or just poses an additional 
legal battle is unclear (Matthews and Pease 2006), 
and beyond the scope of this article.  The other 
restriction is more local. Water rights held by the 
Middle Rio Grande Conservation District cannot 
be transferred outside the District. The district is 
narrow and many municipal and industrial uses in 
the Middle Rio Grande lie outside it. This transfer 
limitation precludes numerous leasing options. 

The Water Transfer Approval 
Process in the Middle Rio Grande

The challenges in transferring water in an over-

appropriated and unadjudicated basin are high, and 
there is a continual concern that some of the rights 
transferred are no longer valid (Gould 1988). This 
issue is hardly unique to New Mexico. To protect 
senior water rights holders from this, the NMOSE 
has created an administrative system designed to 
deal with water rights transfers until an adjudication 
occurs. 

The NMOSE had used an administration 
evaluation system for several years, but the New 
Mexico Legislature provided this power in statute, 
stating, “the adjudication process is slow, the need 
for water administration is urgent, compliance 
with interstate compacts is imperative and the 
state engineer has authority to administer water 
allocations in accordance with the water rights 
priorities recorded or declared or otherwise 
available to the state engineer” (NM Stat 72-2-9.1). 

The State Legislature added, “The State Engineer 
may determine the elements of a water right for 
purposed of administration prior to the completion 
of an Adjudication and during the pendency of a 
water rights adjudication” (NM Stat 72-2-9.1).  
The NMOSE created a system called Active Water 
Resource Management to address water rights 
evaluations.

In the Middle Rio Grande, this process begins 
when a proponent files notice with the NMOSE 
of an intent to transfer (or lease) a water right. 
The state’s first step is an evaluation of whether a 
valid water right exists.  This is done in two steps. 
First the right is evaluated to determine whether it 
existed before March 19th, 1907, the date the New 
Mexico Water Code was enacted.  Water rights 
perfected before 1907, and only these rights, are 
considered freely-transferable (Matthews and 
Pease 2006).  In the Middle Rio Grande, this is not 
as easily accomplished as one might think – this 
process is explained below.  The 2nd portion of the 
investigation evaluates whether the right is still 
valid; this is accomplished by using surveys and 
aerial photographs to determine whether water has 
continually been applied to a beneficial use.  

The determination of whether a pre-1907 
water right exists begins by examining a series of 
maps that were created in 1917 as part of a Rio 
Grande Drainage Survey.  Site-specific data from 
1907 is sparse, so the 1917 maps are used as a 
proxy.  If a parcel of land is indicated as having 
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been irrigated in 1917, then the Office of the State 
Engineer (OSE) recognizes a pre-1907 water right 
for that parcel.  If a parcel of land is not indicated 
as having been irrigated on the 1917 survey, then 
the individual wishing to claim a valid water right 
must provide some other form of evidence that the 
parcel was irrigated during this time period.  This is 
far from an exact science, and leaves the door open 
for creative arguments.  For example, some have 
argued a parcel of land that was listed as “alkali 
soil not in production” is evidence of irrigation in 
previous years.  Photographs or other surveys are 
viewed as acceptable forms of evidence of water 
use in lieu of inclusion on the 1917 maps.  At 
one time, the NMOSE accepted signed affidavits 

as a form of evidence; however, this is no longer 
considered adequate. 

If a right is determined to have been perfected 
before 1907, then the process moves to its second 
stage, a determination of whether the right remains 
valid. Like step one, this second step is riddled 
with methodological gaps resulting from a lack of 
data, and is far from either accurate or precise.  

In New Mexico a water right is considered 
forfeited if water is not applied to a beneficial use 
for four consecutive years. In addition the OSE 
must notify the right holder that they are at risk of 
losing their water right and give them a year to put 
the water to use (NM stat 72-5-28). The process 
to determine whether a right has been continually 

Figure 1. Evaluation criteria for water right transfers in the Middle Rio Grande.  (New Mexico Office of the State Engineer 2001). 
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applied to a beneficial use has several steps.  After 
the 1917 survey, the next “data point” the state 
uses is a 1926-27 Appraisal Sheet.  Next, the state 
determines that a water right is no longer valid if 
in any two consecutive aerial photographs (1935, 
1947, 1955, and 1963) that are examined; the 
parcel of land is not being irrigated. This procedure 
is contentious because the aerial photographs do 
not show consecutive years.  Figure 1 outlines the 
full procedure for evaluating the existence of a 
valid water right.  

Consider an irrigator in the Middle Rio Grande 
that regularly applies their water to a beneficial use 
except for the years 1947 and 1955. This irrigator 
has not allowed a period of four or more years to 
elapse without having applied their water right 
to a beneficial use, so their right should remain 
valid. Because aerial photographs from 1947 and 
1955 are used by the OSE to evaluate whether a 
right has remained active, this right would be 
declared invalid. There are grounds for an appeal 
of this decision if the protestant has evidence to 
the contrary.  However, the cost of appealing this 
decision and the cost of producing evidence of 
continual use adds significant cost to the transfer process.    

Another method a water right holder could use to 
appeal the NMOSE’s determination that their water 
right is no longer valid is the lack of notice provided 
by the NMOSE.  NM stat 72-5-28 expressly states 
that in order for a right to be declared abandoned 
or forfeited, the NMOSE must provide notice to 
that right holder.  Since the NMOSE did not do so, 
it is questionable whether it can declare the right 
extinguished.  Several attorneys in the Middle Rio 
Grande have successfully used this argument to 
have their client’s right recognized.    

Use Limits: The Good, the Bad, and 
the Ugly

If the right is determined to be valid, the state 
then utilizes a use limit to create a maximum 
transferable amount, based on the acres of irrigated 
land.  In the Middle Rio Grande, the credit is 2.1 
acre-feet per irrigated acre. In another attempt to 
increase conservation, the New Mexico legislature 
passed a law allowing the NMOSE to create region-
specific consumptive amounts (New Mexico 
Register 19.25.13.21 2004). The purpose of this 

is to allow the state to place volumetric ‘caps’ on 
water use on a per-region basis. The NMOSE is in 
the process of creating these limits for each basin.   

Use limits are a controversial tool for water 
managers. While they can better clarify the 
volumetric extent of water rights in basins that 
have not been adjudicated, they are critiqued as a 
potentially unconstitutional taking (Cobridge 1995).  
Use limits are not a substitute for an adjudication 
because more is required in an adjudication than a 
calculation based on irrigated acreage. However, 
use limits may provide utility by creating an upper 
volumetric limit to water rights in unadjudicated 
basins (Corbridge 1995).  This could streamline 
transfers by creating a maximum consumptive 
amount that can be transferred (Matthews 2003).

While contentious, without this formula the state 
would have to determine how much water has been 
historically used, a near impossible task when one 
considers the lack of data available about water 
use at the turn of the 20th Century.  The use limit 
provides a way of streamlining at least one portion 
of the transfer evaluation process. 

If use limits were not present, the state would 
need to make a determination of historical use 
based on a variety of factors including: 
• Crop grown
• Soil characteristics
• Irrigation method
• Size of delivery ditch
• Evaporation rate of the region

Integrating the above variables into a right, 
based on the limited available historical data, 
would be difficult and would lead to at best an 
approximation of historical water use.  In addition 
to lacking precision, this kind of determination 
adds cost and time to a transfer application –
limiting the cost-effectiveness of transfers.  More 
pointedly, does historical use matter when a 
modern determination by the state suggests that 
using modern irrigation techniques, the upper limit 
of what constitutes a consumptive beneficial use, 
is lower than this historical amount?  The Doctrine 
of Prior Appropriation has always been based on 
using only as much water as needed to carry-out a 
beneficial use (Beck 1991, NM Stat 72-1-2). The Duty 
of water, the amount needed to carry-out that beneficial 
use, can change with time (MacDonnell 1999).
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Clear as Rio Grande Sediment
To further complicate matters in the Middle 

Rio Grande, the legality of the NMOSE’s use of 
administrative power under the authority of Active 
Water Resource Management has been questioned. 
In Tri-state Generation and Transmission v. 
Antonio (Tri-state) (2007), the NMOSE’s power to 
make water rights determinations was challenged 
by a power utility on numerous grounds; the most 
notable was the use of hydrographic surveys for 
making water right determinations.  First, the 
surveys are not reviewed by the court for their 
validity, second, these surveys usually only include 
rights on file with the NMOSE, which, like the 1917 
survey, is not a comprehensive catalog of water 
rights.  The third critique of using hydrographic 
surveys is their lack of a priority date (Tri-state 
2007).  

The issue can be distilled to whether the Office 
of the State Engineer, in enacting use limits, was 
engaging in defining property rights, and whether 
that constitutes an over-reach of powers.  The State 
statute (NM Stat. 72-2-9 amended 2003) made 
clear the legislature’s intent to allow the NMOSE 
to make determinations of the boundaries of water 
rights as long as it did not interfere with current 
or upcoming adjudications (Tri-state 2007).  
However, it was unclear whether the legislature 
had the authority to grant these powers to the 
NMOSE.  Citing Pueblo of Isleta v. Tondre (1913), 
the Court stated, “Not only have courts considered 
it the judiciary’s exclusive jurisdiction to determine 
priorities, the State Engineer has been specifically 
prohibited from undertaking that task” (Tri-state 
2007).

In ruling for the petitioner, Judge Reynolds 
stated, “this Court must accept the Petitioner’s view 
that the current authority of the State Engineer for 
priority administration is as set forth in Section 72-
2-9, namely that he can administer priorities from 
court decrees and licenses issued by him, but that 
he cannot determine priorities from other sources” 
(Tri-state 2007).  This brings into question whether 
the current laborious process can continue since 
most of the currently irrigated acres have not been 
recognized by a court decree, and irrigators have 
never had to receive a license to use their water.

This case did not directly impact the NMOSE 

water rights evaluation process in the Middle 
Rio Grande, but it does open the door for appeals 
to any decision of the NMOSE on the grounds 
that the agency is engaging in rulemaking, an 
over-extension of its powers (Kerwin 2003).  
Specificially the Court found fault with the 
NMOSE’s Administrable Water Rights procedure 
stating, “Taking the Middle Rio Grande as an 
example, many thousands of water users would be 
subject to “interim”, i.e., indefinite, decisions by the 
State Engineer prioritizing their rights and cutting 
off water to those who do not have priority dates 
earlier than his flexible administration dates…” 
(Tri-state 2007).    

Before use limits or other administrative 
processes can serve as a clarifying force in water 
rights administration, they must first clear this legal 
hurdle. The NMOSE is still promulgating new 
rules for administrative review.  It is likely such 
use of administrative power will be challenged 
repeatedly in court, potentially creating a quagmire 
that undermines the utility of this process by adding 
financial and temporal transaction costs. The 
NMOSE’s use of an administrative process will 
ultimately hinge on how well it can tip-toe around 
this constitutional issue until an adjudication or 
some other form of judicial decree of water rights 
occurs. 

Conclusion
The lack of adjudicated water rights constrains 

markets by limiting certainty over what is being 
purchased and by adding complexity and expense 
to water transfers.  In basins lacking adjudicated 
rights, a system must exist to evaluate each transfer 
to ensure the right being transferred is valid. The 
transfer review system in the Middle Rio Grande 
uses existing information to determine the validity 
of a right and a use limit to determine the volumetric 
extent of a right. This process is controversial 
and fraught with pitfalls, but in absence of a full 
adjudication, it is the only mechanism in place to 
allow transfers.    
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What can the Western United States learn 
from Latin America about market 
approaches to water allocation? The 

Western U.S. is the part of the world with the 
longest experience of such approaches, having 
entered the “era of reallocation” in the 1970s.1 At 
about that time, a variety of political, economic, 
and environmental factors combined to make it 
hard for the U.S. to keep building dams and canals 
in order to increase water supplies, which had been 
the traditional policy response to new demands for 
water. Since then, most new demands for water 
have had to be satisfied by re-allocating existing 
supplies, and market mechanisms have been a 
prominent and controversial way to do that.

Market approaches to water allocation emerged 
in Latin America a decade or two later, and in 
political, economic, and social contexts that are 
quite different from the U.S. The most obvious 
difference is that Latin American countries 
have been poorer and less developed than the 
U.S. Another difference is that Latin American 
governments have had to grapple with international 
actors and influences that U.S. water managers and 
policy-makers have been able to ignore.

I will argue in this essay that despite the longer 

experience of the Western U.S., Latin American 
approaches to water markets can deepen the U.S. 
understanding of institutional frameworks and their 
effects on water governance and sustainability. I 
will illustrate this argument by looking briefly at the 
examples of Chile and Mexico, the two countries 
with the most experience of water markets in Latin 
America (and not coincidentally, the two countries 
with the longest histories of irrigation under Spanish 
colonial water law). The argument rests in part on 
the idea that water allocation is not the same thing 
as water management and governance. For some 
readers this may be obvious. But I have found that 
many water experts use the term “allocation” as if 
it were the core feature of a water rights regime. In 
contrast, my own view is that water allocation is 
only a part of water management and governance 
– a critically important part, to be sure, and perhaps 
a defining feature, but nevertheless only a part.

Doug Kenney makes essentially this same 
argument in describing the Western U.S. for a book 
about international perspectives on water rights 
reform. In a concise and valuable synthesis for an 
international audience, he argues that “most water 
issues in the region can be summarized by a single 
word: competition.” However, “[t]o describe this 

Abstract:  Latin American experiences with water markets offer lessons to the U.S. because they have emerged in different 

political and economic contexts. The Western U.S. experience has been longer and has defined some of the world’s classic cases 

of market allocation of water. These cases, however, have been driven by domestic factors and have evolved within domestic 

social and institutional contexts, which are easy for people in the U.S. to take for granted. Looking at Chile and Mexico can help 

us see Western U.S. water allocation with fresh eyes. These Latin American cases have been strongly influenced by international 

theories and policy debates, forcing the question of how to adapt foreign ideas to local realities. The Chilean case in particular 

shows the strong relationship between market approaches and institutions for water governance and sustainability. A comparative 

perspective might help loosen the gridlock that characterizes many Western U.S. water problems.

Keywords:  Latin America, reallocation, water markets
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competition in terms of allocation…is to ignore 
the richness of the conflicts; similarly, to distill this 
competition to matters of water rights is to miss the 
role of politics, culture, and economics” (Kenney 
2005:174).

The Western U.S. and the 
International Water Markets Debate

Let me begin with a little personal background. I 
spent most of six years in graduate school studying 
water in the Western U.S.: history, geography, law, 
policy, and political economy. This included my 
master’s thesis, on the history of water rights and 
water development in Washington State, and also 
my work as a teaching assistant for undergraduate 
courses in environmental studies at U.C.-Berkeley. 
So I was fully immersed in Western U.S. water 
issues by the time I went to Chile to do my 
dissertation research on Chilean water markets and 
water law (in 1991).

I chose that dissertation topic because I wanted 
to broaden my international perspective, but at that 
time I assumed that I would return to California 
and Western U.S. water issues within a few years. 
Things did not turn out that way for two reasons. 
First, I got stuck into the vortex of Chilean history, 
landscape, law, and society as I tried to make sense 
of the water rights issues I had gone there to study. 
My fieldwork took twice as long as expected and 
I picked up some consulting work for the United 
Nations in order to pay the rent. Chile got its hooks 
in me and has not let go.

The second reason I kept my focus overseas is 
that the 1990s were an exciting time in international 
water policy circles. I lived through some of this 
myself, thanks to my knowledge of Chile, which 
became a paradigmatic case of free water markets. 
There was the Dublin Conference on Water and 
Environment and the Earth Summit in Río de 
Janeiro, both in 1992, and the phrase “water is an 
economic good” became fighting words to many 
people. The World Bank was pushing a crude 
ideological version of neoliberal water reform 
in countries throughout Latin America, Asia, 
and Africa, despite the fact that plenty of people 
within the Bank disagreed with that version. The 
Global Water Partnership was created in 1996 to 
spread the word about Integrated Water Resources 

Management (IWRM), a slogan that has meant 
less and less as the years went on (Conca 2006: Ch. 
5). By the end of the 1990s, water privatization, 
pricing, and market approaches were the headline 
acts at huge international water conferences, with 
the battle-lines drawn between NGOs, multinational 
corporations, international organizations, and 
government agencies. The World Commission on 
Dams report in 2000 was another landmark event 
in the debate about water governance.

Amid all that international water controversy, the 
role of the U.S. was surprisingly small. Certainly 
there were plenty of individual U.S. water experts 
who moved in international circles, and many more 
foreign water experts who had either studied in U.S. 
universities or who had read some of the abundant 
literature about U.S. water issues (in English, of 
course). Many foreigners referred routinely to 
classic examples of U.S. water development such 
as the TVA, Hoover Dam, Bureau of Reclamation 
projects throughout the West, and the mega-
waterworks of California. Foreign water experts 
have also looked to the Western U.S. since the 
1970s for pioneering examples of environmental 
protection and water markets – two trends that 
have defined much of the current era of water in 
the West.

Nevertheless, I think it’s fair to say that 
international interest in Western U.S. water 
management has waned over the last 10-20 years. 
Why? One reason is that water policy debates in 
the U.S. have continued to be remarkably inward-
looking. Most U.S. water experts and policy-makers 
show little awareness of the dramatic events and 
conflicts that have shaped the international water 
arena. A second reason is that U.S. examples that 
once seemed pioneering have come to look more 
like gridlock: for example, the Cal-Fed and Bay-
Delta process in California. Undoubtedly there are 
still many examples of local and state innovation; 
the U.S. is a big and dynamic country. From an 
international perspective, however, the U.S. water 
scene seems out of touch and dominated by local 
history and politics that are less broadly relevant 
than in decades past.2

Lessons from Chile
For nearly 20 years, Chile has been famous in 
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international water circles for being the world’s 
leading example of a free-market approach to water 
law, economics, and policy.3  Chile’s 1981 Water 
Code has become the textbook case of treating water 
rights not merely as private property, but also as a 
fully marketable commodity. Many other countries, 
including the U.S., have recognized variations of 
private property rights to water, but none have 
done so in as unconditional and deregulated a 
manner as Chile. Because the Chilean Water Code 
is so paradigmatic – an example of free-market 
reform, designed and implemented by a military 
government with a strong ideological viewpoint 
– people around the world have disagreed about 
whether the “Chilean model” has been a glorious 
success or a disastrous failure or something in 
between. The model’s proponents have sometimes 
recognized its flaws, but their tendency has been 
to play down the importance of those flaws and 
instead to emphasize the model’s advantages.

The Chilean model of water markets and 
allocation is different from other countries in an 
essential way. In other countries that have allowed 
or encouraged water markets and water rights 
trading, in varying degrees and circumstances, 
these markets have been a policy instrument within 
the larger context of water law and regulation. The 
Western U.S. is a good example. In Chile this 
order is reversed: water resources management 
takes place in an institutional context that has been 
shaped by and for water markets. The Chilean 
Water Code is so laissez faire that the overall 
legal and institutional framework has been built in 
the image of the free market, with strong private 
property rights, broad private economic freedoms, 
and weak government regulation. When we look 
at Chilean water markets, therefore, we are also 
looking at the Chilean model of water management 
in general, to a greater extent than in other countries. 
(Bear in mind that the design of the Chilean Water 
Code was determined by domestic political and 
economic factors within Chile, without reference to 
the international water policy debates that emerged 
a decade later.)

The Chilean model’s results in practice have 
been both positive and negative. Chile’s experience 
is uniquely valuable to help answer a question at 
the heart of international water policy debates: Is 
a free-market approach to recognizing water “as 

an economic good” compatible with the broader 
and long-term goals of integrated water resources 
management (IWRM)? The Chilean case shows 
that the answer is “no.” In other publications I have 
analyzed the empirical results and their broader 
international lessons in detail (e.g., Bauer 2004, 
2008). My summary here must be very brief.

The Chilean model has had two main economic 
benefits. First, the legal security of private property 
rights has encouraged private investment in water 
use, both for agriculture and for urban, industrial, 
and hydroelectric uses. Second, the freedom to 
buy and sell water rights has led to the reallocation 
of water to higher-value uses in certain areas and 
under certain circumstances. The key examples 
include the outskirts of Santiago, some valleys 
growing fruit and vegetables for export, and 
huge mining projects in the desert north. These 
are important benefits, even though the market 
incentives and price signals themselves have been 
only partly functional in practice, and they are the 
kind of results that advocates of market policies 
hope to deliver. This is what the Chilean model’s 
proponents refer to as “managing water as an 
economic resource” (Briscoe et al. 1998). 

These economic benefits, however, are directly 
linked to a legal and regulatory framework that has 
proven itself incapable of handling the complex 
problems of water governance. There is a lot of 
evidence in Chile confirming the serious problems 
posed by river basin management, water conflicts, 
coordination of multiple water uses, environmental 
protection, and social equity (since few of the Water 
Code’s benefits have reached Chilean peasants and 
poor farmers). These more complex problems, of 
course, are precisely the fundamental challenges 
of IWRM and water sustainability. Moreover, 
the institutional framework has been rigid and 
resistant to change. After 1990, Chile’s democratic 
government spent 15 frustrating years trying to 
moderate the Water Code’s free-market emphasis, 
against strong political opposition, before finally 
settling for a minor legal reform in 2005 (Bauer 
2008).

The strengths of the Chilean model, in other 
words, are bound to its weaknesses. The same 
strong legal and institutional features that have 
led to the model’s success in some areas have 
effectively guaranteed its failure in others (as 

Bauer46

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATIONUCOWR



summarized in the previous two paragraphs). The 
model’s flaws are structural; they are integral parts 
of the same legal and institutional arrangements 
that underlie the water market. These flaws are 
not separable from the rest of the model, as argued 
by some of its international proponents (e.g., in 
the World Bank or Inter-American Development 
Bank). On the contrary, the flaws are the necessary 
institutional consequences of the Chilean military’s 
free-market reforms of property rights and 
government regulation. The aspects of the model 
that privatize water rights so unconditionally and 
define them as freely tradable commodities are 
inextricably connected to the aspects that weaken 
and restrict the regulatory framework. (The critical 
and contradictory role of the Chilean courts is a 
topic I do not have space for here. See Bauer 1998 
and 2004.) This is not a theoretical matter. In Chile 
the structural connections have been demonstrated 
in practice over the past 25 years, both by the 
mixed empirical results of the Water Code and by 
the long and difficult process of attempted Water 
Code reform.

Chile’s experience shows the problems that can 
flow from implementing a free-market water law. 
The law’s narrow economic approach has led to 
policies and institutional arrangements that cannot 
meet the challenges of integrated and sustainable 
water management – in particular, water governance 
and conflict resolution. To avoid such outcomes, 
international efforts to reform water policies 
must foster a broader and more interdisciplinary 
approach to water economics, with more legal, 
institutional, and political analysis of markets and 
economic instruments. From the perspective of 
institutional economics, legal rules and political 
decisions determine the nature of property rights, 
economic incentives, and market performance. My 
hope is that this analysis of the Chilean experience 
will help raise the level of international debate 
about IWRM.

Another way of putting this argument is to return 
to the familiar image of IWRM and sustainable 
development as a tripod, whose three legs are 
economic efficiency and growth, social equity, 
and environmental sustainability. (Economic 
efficiency and growth are not the same thing, 
of course, but they are often lumped together or 
treated interchangeably.) The Chilean model of 

water management has a strong economic leg and 
weak social and environmental legs, making it 
unbalanced overall. The social and environmental 
legs cannot be strengthened without weakening the 
economic leg in ways that − at least in Chile − are 
extremely difficult in political and constitutional 
terms. Moreover, even the economic leg is weaker 
than it appears because the ineffective mechanisms 
for resolving conflicts and internalizing externalities 
also reduce economic efficiency and growth, 
especially over the long term. Because the Chilean 
approach to managing water as an economic good 
puts all the emphasis on water as a private good 
and tradable commodity, it is difficult to recognize 
or enforce the other aspects of water as a public 
good.

If other countries want to follow Chile’s approach 
to water economics and markets, they will have 
to adopt a legal and institutional framework that 
is functionally equivalent to the Chilean model. 
Regardless of the specific and distinctive aspects 
of the Chilean case, any country that tries to follow 
the laissez faire economics of Chilean water law 
will necessarily confront similar institutional and 
political problems. How is it possible to create a 
legal and institutional framework that provides 
such strong guarantees for private property and 
economic freedom, and such wide scope for free 
trading of water rights and private decision-making 
about water use, without also severely restricting 
government regulation and legislative reform? If a 
country does not want to grant the judiciary such 
broad powers to review the actions of government 
agencies, how else can those agencies be prevented 
from interfering in water markets and property 
rights? If private economic rights are so strong 
and public regulation is so weak, through what 
institutional mechanisms other than the courts 
can conflicts be resolved effectively? How much 
room can there be for environmental protection in 
such a framework, and how can the level of that 
protection increase over time, given the strength of 
vested property rights?

If instead a country chooses a stronger 
regulatory framework or places more conditions 
on private rights, that country is, by definition, no 
longer following the Chilean economic approach. 
Hence one of the deeper lessons of the Chilean 
water model is to show how different economic 
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perspectives have different consequences for 
institutional design. The Chilean experience 
shows the lasting problems that result when a 
narrow economic perspective is combined with the 
political power to design legal institutions in the 
image of the free market.

The Counter Example of Mexico
Other Latin American countries have looked 

closely at the Chilean model of water markets, 
but none have replicated it. Mexico adopted a 
new national water law in 1992, which is more 
middle-of-the-road than the Chilean approach and 
reflects contemporary international debates about 
IWRM and sustainable development. The Mexican 
water law includes a combination of economic 
instruments (markets and pricing), government 
regulation, and public participation. Some aspects 
of the law are pro-market: water rights were 
re-defined to encourage market reallocation; 
government irrigation districts were transferred to 
organizations of private irrigators; and the property 
section of the national Constitution was revised to 
allow privatization of public and communal lands 
(ejidos), including water rights. These changes 
were made in the context of Mexico’s entrance into 
the NAFTA with the U.S. and Canada, a move that 
triggered bitter political conflict within Mexico 
(Whiteford and Melville 2002). On the other 
hand, the new water law retained strong central 
government regulation, established river basin 
councils with broad stakeholder participation, 
and in general expressed a pragmatic and long-
term view of how water rights reforms should be 
implemented in practice, including attention to 
the equity impacts on poor campesinos (Garduño 
2005, Wilder 2008).

For proponents of the Chilean model, the 
Mexican approach has been disappointing because 
of the regulatory restrictions placed on market 
transactions. In that respect, water markets in 
Mexico show many similarities with those in the 
Western U.S. Most water transactions take place 
within established irrigation systems. There are 
local examples of cities acquiring agricultural 
water supplies, although often through political 
pressure rather than market prices. And finally, 
Mexico seems to be following the earlier U.S. path, 
with market transactions becoming gradually more 

routine over time, while remaining subject to a host 
of political, social, and regulatory constraints.

Conclusions
Most readers of this journal would probably 

argue that there is little chance of the Western 
U.S. following the Chilean or Mexican examples. 
I agree, which is why I have tried to emphasize 
the more conceptual lessons about the relationship 
between economic theory and legal and political 
institutions. On the other hand, I think that 
the experience of U.S. politics and economic 
policies over the last 30 years ought to reduce our 
complacency about how such ideological extremes 
could not happen here.

Market approaches to water allocation in the 
future will be part of broader efforts to strengthen 
water governance and value long-term ecosystem 
services, if we can work through the basic political 
economy of who wins and who loses and who 
makes the rules.

End Notes
1. I am talking here about market approaches in the 

contemporary era of water policy and management, 
beginning in the mid 20th century, not the much 
longer history of local water transactions among 
farmers and other water users. Such transactions, 
whether formal or informal, have probably been 
common in all regions with a history of irrigation.

2. Kenney, in the paper I cited above, says: “To the 
outside observer looking in, the region offers a 
wealth of lessons – perhaps more negative than 
positive.” (Kenney 2005: 167) See also Wescoat 
(2005) and Postel and Richter (2003) for similar 
commentary about the decline of U.S. leadership in 
water policy.

3. This section is adapted from Bauer (2004 and 
2008).
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Since 1950, the demand for water has 
more than doubled in the United States.  
Historically, growing demands have been 

met by increasing reservoir capacity and ground 
water mining, often at the expense of environmental 
and cultural concerns. The future is expected to 
hold much of the same. Demand for water will 
continue to increase, particularly in response to the 
expanding urban sector, while growing concerns 
over the environment are prompting interest in 
allocating more water for in-stream uses. Where will 
this water come from? Virtually all water supplies 
are allocated.  Providing for new uses requires a 
reallocation of water dedicated to existing uses.

The last two decades have witnessed the 
application of economic markets to address 
problems over a range of areas (Rassenti et al. 
1982, Kerr and Newell 2005, Leveque 2006, 
Burtraw and Evans 2008, Bellas and Lange 2008).  
Water markets have also received considerable 
attention as discussed in the following section. 
Water markets are not without issues, however.  
One way of resolving these issues is through the 
use of a coupled economic and hydrologic model. 
Our paper first discusses one form of a water market 

and then addresses how the issues raised can be 
resolved through the use of our proposed model.

Issues for Water Leasing
To date, a wide spectrum of water market 

institutions currently exist to allow either a 
permanent or temporary transfer of a water 
right.  While the permanent transfer of water 
rights has received much attention (Easter et al. 
1998), less formal attention has been paid to the 
temporary transfer (leasing) of water rights from 
the perspective of institutional development.  
However, since Howe et al. (1982), water leasing 
has been recognized as “an attractive option 
for both parties because it maintains continuity, 
preserves ownership by the right holder of the right 
for future use and accommodates an intermediate 
use (p. 417)” (Shupe et al. 1989). 

Recent efforts to document the extent of 
water leasing markets in the western United 
States includes a report by the Washington State 
Department of Ecology (2004), Adams et al. 
(2004), and Czetwertynski (2002).  In examining 
current markets, five observations come to the 
forefront: 

Abstract:  Explosive population growth coupled with stable or decreasing water supplies has often led to stress upon already 

over-allocated watersheds in the western United States.  Water markets that allow the temporary transfer (i.e., lease) of a water 

right are a possible mechanism to provide flexibility to water managers to fulfill water demands in these over-allocated watersheds.  

This paper addresses the need for an integrated (hydrologic and economic) model to examine the feasibility of a water leasing 

market.  We propose a five stage procedure to designing and implementing a real time water leasing market. 

Keywords: integrated modeling, water leasing, water markets
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Many of the exchanges do not emanate from 
a fully functioning market (e.g., prices are 
often fixed in the market, prices are rising over 
time).
There is little evidence provided as to the 
temporal transactional nature of the trades.
There is little evidence that the exchanges 
fully acknowledge the extent (or lack) of the 
hydrologic impacts of the lease.
Exchanges are often for only a full season 
duration, thus they do not address intra-
seasonal needs for adjustment.
Few inter-temporal (across seasons) or inter-
spatial exchanges appear to be taking place.  

In sum, based upon the available literature, there 
does not appear to be a robust set of institutional 
frameworks that facilitate a real time water leasing 
market.

Further, while the leasing of water rights is an 
attractive option, there are many potential obstacles 
to the formation of an institution for water leasing.  
Brown (2008) identified ten potential issues to the 
formation of a water leasing market1. 

Adjudication – are the rights in the basin fully 
adjudicated?
Homogeneity of contracts – do the nature of 
contracts require they be identical, regardless 
of the underlying rights structure?
Priority date of the contract – given different 
priority dates, how would associated risk of 
delivery in light of drought be assigned?
Impairment (3rd Party Effects) – do issues 
of third party effects require an underlying 

1.

2.

3.

4.

5.

1.

2.

3.

4.

hydrological understanding?
Public welfare – do values other than  economics 
necessarily preclude a market?
Conservation of water – do markets provide 
efficient scarcity pricing of water?
Logistics of administration and accountability 
– how would a market be administered and 
what would be the relationship to a State 
Engineer’s office?
Enforcement of the contract – how will legal 
responsibility of the market be established?
Public opinion – will the public allow the 
treatment and thus trading of water as a 
commodity?
Regulation – what level of regulation is 
required to ensure against abuse?

We believe that there might be more issues. 
First, a more subtle issue becomes apparent 
when the relationship among these ten elements 
is considered. Specifically, it is not sufficient to 
merely consider each issue individually; rather 
the collective interplay between hydrology, 
engineering, institutions, and markets is required. 
Furthermore, it is curious that we have been unable 
to find examples whereby an integrated market 
exists where the hydrological, engineering, and 
institutional structure is fully linked with a real-
time trading interface.

Second, there is need for immediacy within a 
trading season.  In New Mexico, transfer data 
suggests that the average time can be lengthy due 
to the multiple step process required for approval 
(Office of the State Engineer 2007).2 Table 1 
presents some aggregate data on the time it takes for 

5.

6.

7.

8.

9.

10.

Figure 1. Gauged flows at Otowi, NM. 
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applications to be approved. While the application 
process appears to be rather efficient, it is far short 
of a real time market for transfers. 

Third, there is a need as a result of variable 
water supplies for the ability to adjust water 
deliveries within a season. As a broad illustration 
of this point, consider Figure 1 which depicts the 
variability of water supplies at the Otowi gauge 
over time.  In general, the supply in the Middle Rio 
Grande Basin to farmers has been consistent; in 
the Lower Rio Grande Basin, at times the available 
supplies have varied across and within seasons.

Integrating Hydrology, Engineering, 
Institutions, and Exchanges

At a simple level, one might expect trading water 
along a river ought not to be more complicated than 
allowing water property rights holders to set up 

the equivalent of lemonade stands along the river 
bank.  In many ways, this is how previous attempts 
to allow for water exchange have been fashioned.  
However the process is much more complex than 
this simple example.  Trading water is more similar 
to the complex issues that are encountered in the 
combinatoric auction that is used to allocate scarce 
airport landing and take-off slots (Rassenti et al. 
1982).  

Specifically, water transfers suffer from the 
interconnectedness that occurs between the surface 
and ground water systems.  Trading water from 
one location to another may affect exchange rates 
that in turn affect river flows and ground water 
levels at the time of exchange or possibly delayed 
in time.  Water also evaporates as it flows through 
the system.  These features can create asymmetries 
between water that is traded upstream versus water 
that is traded downstream.  Additionally, the supply 

Table 1. Water Transactions in New Mexico: Grouped by Elapsed Time from Filing for Permanent and Temporary 
Transfers Requests.

1990 to 1999
Description All Percent Permanent Percent Temporary Percent
0 - 6 Months  859 56.03  670 51.70 189 79.75

6 Months - 1 Year  222 14.48  196 15.12   26 10.97
1 - 2 Years  113   7.37  104   8.02     9   3.80
> 2 Years  153   9.98  149 11.50     4   1.69
Others  186 12.13  177 13.66     9   3.80
Total 1533 1296 237

2000 to Present
Description All Percent Permanent Percent Temporary Percent
0 - 6 Months 1180 50.99 920 47.11 260 72.02
6 Months - 1 Year  378 16.34 321 16.44 57 15.79
1 - 2 Years  275 11.88 255 13.06 20   5.54
> 2 Years  101   4.36 95 4.86 6   1.66
Others  380 16.42 362 18.54 18   4.99
Total 2314 1953 361

Source: Data taken form the OSE Water Rights Administration Technical Engineering Resource System (WATERS).  Queries 
performed by J. Randall Johnson Richard S. DeSimone with the below disclaimer.
 
DISCLAIMER.  The data provided from the New Mexico Water Rights Reporting and Query System is furnished by the State 
Engineer/Interstate Stream Commission (OSE/ISC) and may include inaccuracies or typographical errors. Changes are periodically 
added to the information herein. Changes and improvements may be made at any time. The data is accepted for use by the recipient 
individual or entity with the expressed understanding that the OSE/ISC and author(s) of the data make no warranties, expressed 
or implied, concerning the accuracy, completeness, reliability, usability or suitability for any particular purpose of the data. The 
OSE/ISC and author(s) of the data shall not be liable to any individual or entity by reason of any use made thereof.
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of water for most of the western United States 
originates from snow pack that is accumulated 
over the winter months in mountain ranges.  This 
leads to variability in the supply of water that is 
available in a system for a given year.  Thus, the 
central issues that arise in designing a real time 
water leasing market includes the need to know 
the amount of available water, where the water is 
located, what happens when it is moved (i.e., the 
limits of the water delivery systems), who has 
water claims and under what rules water can be 
traded.  Only when these issues are addressed can 
an exchange function properly.

While these features of water are complex, it is 
possible, through the use of computer modeling, 
to capture the hydrology of a basin in the context 
of the water/engineering deliver system (Figure 
2).  Here, we employ a system dynamics modeling 
framework that facilitates the integration of the 
physical, engineering, and institutional systems of 
a basin (e.g., Sterman 2000).  The model captures 
temporally varying main-stream inflows, tributary 

inflows, reservoir operations, evaporative losses 
(open water, riparian, and irrigation), irrigation 
diversions and return flows, municipal pumping, 
and river-aquifer interaction (see Roach and Tidwell 
2009 for more detail). Simulations are implemented 
at a monthly time-step for each of six river reaches 
(as defined by long-term gauging stations). The 
model informs the market concerning available 
supply. In this way, the hydrologic model provides 
an assessment of the water that is available to each 
user and tracks the impact of market transactions 
upon the physical system, identifying which users 
might be impacted by market transactions. 

In addition to the physical aspects of water 
that complicate market transactions, there is 
another challenging aspect of water – water 
demands.  Typical claimants for water rights in 
a river basin include irrigated agricultural use, 
urban consumption, Native American use, and 
environmental purposes such as endangered 
species protection.  It is necessary to understand 
how each of these different water demands could 
benefit from lease transactions or how they could 
be impacted by lease transactions.

Market transactions need a vehicle to facilitate 
exchanges.  Multiple market structures exist such 
as a posted offer market, or a double auction 
market.  We have chosen to focus on the double 
auction market due to the central nature and the 
rapidity of the price convergence process (Smith 
1962).  In a double auction market, all bids and 
offers are centrally and publicly recorded and 
market participants are allowed to trade in a 
series of trading intervals.  The public nature of 
this market structure has generated competitive 
outcomes more rapidly than under other market 
structures.

In summary, the use of an integrated model can 
capture the salient features of a river basin, such as 
when, where, and how much water is available, the 
impact of transactions upon the physical system 
and the relevant water demands.  This integrated 
model can then be used to address the impact on 
the physical system and potential economic gains 
as a result of market transactions. Ultimately, this 
provides a platform for designing and testing a 
market construct before real money and water are 
at stake.

Figure 2. Schematic of the Middle Rio Grande hydro-
logic model.
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Designing a Real Time Water 
Leasing Market

We begin with several core goals. First, we seek 
to couple the hydrologic, engineering, institutional, 
and market exchange models to create a framework 
in an attempt to address potential issues for a water 
leasing market (see Figure 3).  As a starting point, 
we must assume that the water rights are fully 
adjudicated and that all contracts are transparent, 
and enforced.  The market is administered by the 
Office of the State Engineer and exchange has been 
sanctioned through the State Water plan.  Further, 
we assume that water rights are not threatened 
by leasing.3  We fully understand that water 
rights have not been adjudicated in the Middle 
Rio Grande.  There is little, if any, disagreement 
that this is necessary.  However, central to any 
type of exchange operating efficiently this must 
be resolved.  This will take time and we wish to 
explore issues other than the adjudication process 
(see JCWRE issue 133, May 2006) and thus, we 
assume it has occurred.

This assumption enables us to consider an 
exchange model and does not have implications 
per se for our results.  Further, in our models 
that follow, we also assume a homogenous right, 
similar to the idea of a 1907 right in the Middle Rio 
Grande Valley which would be the senior right, 
other than Native American rights, if the system 

were fully adjudicated.  Finally, there are issues 
with regulations regarding assurance that if water 
is leased, it will be returned to the original owner 
at the end of the contract period. We assume this to 
be the case4. 

We recognize that it is not possible to fully 
capture the complexity inherent in the physical, 
engineering, institutional, and market systems at 
play in a given river basin. However, modeling of 
simplified yet representative systems can provide 
insight into how a market might function. In 
efforts to efficiently deal with such complexity, 
we start simple, sequentially adding greater detail 
as we proceed. In this fashion, five sets of market 
experiments have been performed:
1. Stage 1: Prototype Real Time Market
2. Stage 2: Complex Farming Choices 
3. Stage 3: Futures Contract Trading and Climatic 

Uncertainty
4. Stage 4: Examination of 3rd Party Effects
5. Stage 5: Working with Stakeholders (Mimbres 

Basin)
We focus on the Middle Rio Grande Basin 

(traditionally defined as the stretch of river 
between Cochiti and Elephant Butte Reservoirs) 
located in central New Mexico as a backdrop for 
model development.  The basin is characterized by 
basin and range topography with a mountain range 
on the eastern flank and arid valleys and mesas 

Figure 3. Schematic of the coupled models.
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to the west.  Throughout the basin, engineered 
infrastructure to manage the basin’s resources 
includes five reservoirs (Cochiti and Elephant 
Butte which lie in the basin and Heron, El Vado 
and Abiquiu that lie to the north but regulate flows 
in the basin) for flood control, water supply, and 
irrigation.  This segment of the river is subdivided 
into six major reaches delineated by the major U.S. 
Geological Survey gauges.

Demands for water resources include one major 
metropolis (Albuquerque) with multiple smaller 
communities (Belen, Bernalillo, Los Lunas, Rio 
Rancho, and Socorro).  In addition, agricultural 
interests are found throughout the basin with Native 
American interests primarily found in the northern 
part.  Environmental interests are also present as 
this section of the Rio Grande is a historic home 
for the silvery minnow (Hybognathus amarus) 
with a large riparian corridor providing habitat for 
hundreds of resident and migratory bird species.  
The basin has been experiencing a growth in 
its urban metropolis which places additional 
demands upon water resources.  Currently, there 
is very little leasing of water within or outside of 
the basin.  Most leasing is within the agricultural 
sector encompassed by the Middle Rio Grande 
Conservancy District (Czetwertynski 2002).

In developing the stages, three metrics are 
used to judge the efficiency and robustness of the 
model:
1. Does the observed market price differ from 

the expected market price?  Because of the 
use of experimental economic techniques we 
can compare the expected market price to the 
observed market price using a Student t-test.

2. Are welfare gains observed from market 
transactions?  Thus, did participation in the 
market lead to higher economic welfare for 
the aggregate economy?

3. What are the impacts of market transaction 
upon the physical system (i.e., how much 
water is lost or gained due to evaporative 
losses)?

Stage 1: Prototype Market
In designing markets, it is commonplace to start 

with a prototype market as a proof of concept and 
then work up to a more complex market.  For the 

Middle Rio Grande Basin, this prototype market 
includes all of the water demands present in the 
region such as Native American interests, irrigated 
agriculture, environmental interests, and municipal 
use. To conduct economic market experiments 
through the double auction framework, each of the 
trading agents were given relatively simple water 
demand and crop production functions.  For instance 
an agricultural user was told that if they obtained 
X acre feet of water it would yield them Y dollars.  
This would mean that this user should be willing 
to pay up to X/Y dollars to obtain each acre foot 
of water and achieve the payout of Y.  This market 
was found to be functioning efficiently, meaning 
the observed market price did not differ from the 
expected market price, welfare gains were found 
from market transactions and the impact of trading 
on the physical system was found to have a minimal 
impact (i.e., small changes to the hydrology of the 
basin).  For a complete review of this prototype 
market see Broadbent et al. (2009a).

Stage 2: Complex Farming Choices
This stage extends the integrated model from 

stage 1 to include a more realistic representation of 
the decision-making process that agricultural users 
undergo each growing season.  Two main types of 
farmers exist in this model: cash crop farmers and 
capital crop farmers.  At the start of each growing 
season, a cash crop farmer must decide what type 
of crops to plant and how many acres to plant.  
Figure 4 represents the cash crop farming decision 
with two different types of crops, hay or chili.  
During the growing season the decision must be 
made as to how much water to place on a crop.  For 
a harvest, different crops are harvested at different 
times.  For chili, the crop must continually receive 
water through termination of the growing season 
to produce a harvest.  For a hay crop, multiple cuts 
of hay may be realized throughout the growing 
season, meaning hay is a less risky crop than chili 
in water scarce years.

A capital crop farmer must make a decision as 
to what type of capital crop (e.g., grape vineyard, 
or apple trees) to plant on their acreage.  This is 
typically a large investment that takes multiple 
years of investment in the crop before a harvest is 
realized.  This type of crop farmer is represented 
in Figure 4 as a grape farmer.  Because of the 
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large capital investment, a capital crop farmer 
has a higher incentive to defend his investment.  
Including these different types of agricultural 
decisions into the experimental marketplace 
provided insights as to how different economic 
agents could engage in market transactions.  As 
with the stage 1 market, this market was found to 
be efficient as the observed market price did not 
differ from the expected market price, welfare 
gains were found from market transactions and the 
impact of trading on the physical system was found 
to have a minimal impact (i.e., small changes to the 
hydrology of the basin).  For a complete review of 
this market see Broadbent et al. (2009b).

Stage 3: Futures Contract Trading and 
Climatic Uncertainty

Futures markets have been successfully utilized 
in commodity markets such as corn, wheat, oats, and 
soybean and are gaining popularity in agricultural 
markets such as livestock (The Chicago Board of 
Trade 2006).  Futures contracts allow individuals 
to hedge against risk or protect themselves from 
uncertainty in the market.  For a water leasing 
market this uncertainty centers on the variable 
water supply.  Further expanding the stage 2 market 
to include a futures contract allows us to examine 
how different economic agents can hedge against 

uncertainty.  Allowing futures trading resulted in 
higher crop yields of risky cash crops (i.e., chili) 
and allowed capital crop farmers to protect their 
capital investment.  To test the efficiency of this 
market, the same outputs were examined as in the 
stage 1 and 2 markets with the market proving to 
be efficient.  For a complete review of this market 
see Broadbent et al. (2009c).

Stage 4: Examination of 3rd Party Effects
One of the main barriers that prohibits market 

transactions are 3rd party effects, or the effects of 
transactions upon intermediate parties (Gould 1988 
and 1989).  Figure 5 displays a simple structure of 
a river system and how 3rd party effects might arise 
as a result of transactions.  The first possible effects 
are within ditch effects.  For example, this effect 
could occur if user C leases their water to user A, or 
user F leases their water to user D.  If user A takes 
water out of the ditch upstream of user B in order 
to satisfy the lease terms, the flow of water in that 
ditch could be impaired or decreased sufficiently 
that user B (or user E) would not be able to push 
water onto their field.  The second possible effects 
are across ditch effects.  These effects could occur 
if users A, B or C leased their water to users D, E 
or F.  In order to satisfy the lease terms water is 
left in the river channel where D, E, or F can divert 

Figure 4. Schematic diagram of the decision process for agricultural users. 
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it.  This might have negative effects upon users B 
or C through decreased flows. Also, it might have 
negative effects upon users D, E, and F’s ditch 
because increased flows could overflow the ditch 
bank.

Both type of 3rd party effects have the potential 
to limit or block transactions from occurring 
altogether.  Understanding if 3rd party effects arise 
as a result of market transactions is necessary prior 
to the implementation of a market.  Fortunately, 
through the use of complex hydrologic models, 
these types of effects can be addressed and assessed.  
Currently, we are in the process of examining third 
party effects for the second reach of the Middle 
Rio Grande.  Our initial findings from this research 
have demonstrated to us that third party effects can 
be a timing, spatial, and scalar problem.

Stage 5: Working with Stakeholders
During the development of stages 1-3 a 

presentation was made to the New Mexico Office of 
the State Engineer (OSE) that detailed the potential 
of a water leasing market using the Middle Rio 
Grande as a backdrop.  In response the OSE asked 
us to develop a water leasing market for the Upper 
Mimbres basin, NM using the lessons that have 

been learned from the previous stages.  In order to 
develop this market, multiple meetings have been 
held with the stakeholders in the basin to obtain 
their input in the market design.  Currently, we 
are in the process of testing the market.  Once the 
market has been tested the results will be presented 
to the OSE.  For a complete review of this market 
see Broadbent et al. (2008).

Summary
While real time markets have been found 

successful in other policy areas, they are still 
scarcely used in the water policy area.  The 
temporary transfer of a water right between 
two individuals, known as water leasing, has 
the potential to increase the efficiency of water 
resources throughout river basins.  However, before 
such a market can be implemented, it is necessary 
to understand how the market would operate under 
different circumstances such as the issues described 
by Brown (2008) that we have not addressed..  In 
this paper we have outlined a five stage procedure of 
how to test and implement an integrated hydrologic/
economic market for a river basin using the Middle 
Rio Grande basin as a backdrop.  The findings of 
this five stage process have proved the market to be 
efficient and robust.  However, for a market to be 
successful it is necessary to have interaction with 
basin stakeholders (potential market participants).  
In our fifth stage we have undergone a series of 
meetings with stakeholders in developing a market 
for their basin.  We are excited to see the outcomes 
of this market to truly understand the potential for 
water leasing markets to allow for flexibility in 
water management.

End Notes
1. Brown (2008) refers to “bulk” water. For our 

purposes this is synonymous with “temporal 
leasing,” that is trades that do not alter the property 
rights structure.

2. The “Application Flow Chart” is quite extensive 
requiring legal notices, opportunities for protest, 
and hearings.

3. These assumptions address the issues presented by 
Brown (2008)  points 1, 7, 8, and 9 to a large degree. 
Regarding point 9, public opinion, we simply 
assume the call for water markets in the State Plan 
satisfies this issue.  See New Mexico State Water 

Figure 5. Simplistic schematic of 3rd party effects.
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Plan section C2 and C9 available at http://www.ose.
state.nm.us/publications_state_water_plans.html.

4. It is our understanding that this issue is being 
considered in New Mexico, but resolution to date 
has not occurred. 
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Conservation of fresh water systems 
is a paramount issue in the semi-arid 
Southwestern U.S. (Department of Interior 

2005).  In these systems, ground water, surface 
water and flood regimes strongly influence the 
abundance, composition, and structure of riparian 
(streamside) vegetation, diversity and abundance 
of avian populations, and thus overall quantity and 
quality of system attributes and ecosystem services.  
Over time, these systems (Zekster et al. 2005) have 
been degraded by anthropogenic activities and, 
more recently, are threatened by climate change 
(Stromberg et al. 2007, Serrat-Capdevila et al. 
2007, Alley et al. 2002).

For water reallocation efforts to succeed in 
preserving these systems, a stakeholder community 
and/or policy maker requires a clear understanding 
of the management options available and a means 
to evaluate these options. Management options can 
be controversial, especially when the reallocation 

of existing water rights is required.  One potentially 
effective approach is a Decision Support System, 
a class of interactive computerized information 
systems that support decision-making activities 
(Power 2002). For water management where 
ecosystem services are part of the decision-making 
criteria, a decision support system should have 
the capability of evaluating management options 
through the use of a series of coupled physical and 
ecological models that generate ecosystem service 
outputs. These outputs can then be reflected as 
monetized societal values for purposes of analyzing 
management options. However, ecosystem service 
values generally remain unknown relative to 
market values for goods and services. 

A primary focus of this paper is the value of 
ecosystem services and how they are derived from 
a broad base of scientific information.  A central 
tenet of our efforts is that ecosystem values are 
appropriately driven by sound scientific information 

Abstract: Conservation of freshwater systems is critical in the semi-arid Southwest where ground water and flood regimes strongly 

influence the abundance, composition, and structure of riparian vegetation. At the same time, these systems are in high demand 

for competing human uses. To address this conflict, natural scientists must evaluate how anthropogenic changes to hydrologic 

regimes alter ecological systems.  A broad foundation of natural science information is needed for ecological valuation efforts to 

be successful. This paper examines how to incorporate hydrologic, vegetation, avian, and economic models into an integrated 

framework to determine the value of changes in ecological systems. We have developed a hydro-bio-economic framework for the 

San Pedro River Region in Arizona, and we are developing a similar framework for the Middle Rio Grande of New Mexico. Distinct 

valuation studies are being conducted for each site with benefit-transfer tests between the sites.

Keywords: ecological valuation, ecosystems, integrated modeling 
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and thus values and sound science are inextricably 
linked. Valuation studies are typically conducted in 
the absence of integrated science information either 
because (1) targeted scientific research on the topic 
of interest is lacking, or (2) scientific studies that do 
exist have not been adequately designed to directly 
inform the valuation questions. We summarize 
previous scientific studies and present an approach 
in which ecosystem values are appropriately driven 
by these studies, and can feed back into a decision 
support system as a potential framework to help 
decision makers.  We also focus on the process of 
transferring these values to other semi-arid areas, a 
key gap in our ability to use science and ecological 
valuation to help guide management in the region.  
Finally, in the conclusion, we touch upon the 
issue of integration of these values back into a 
decision support system for purposes of evaluating 
management options. 

Our starting point is an existing web-based 
decision support system that was developed with 
the Upper San Pedro Partnership (Yalcin and 
Lansey 2004).1  Our approach is summarized in 
Figure 1. The initial step, as detailed in Box 1, 
is to characterize the ecosystem.  This requires 
an understanding of the components, processes 
within the system and its outputs.  It is the 
outputs that are of central interest for valuation 
of ecosystems services. The next step (Box 2) is 
to develop scenarios.  While restoration is a first 
and central goal in many systems, this represents 
only the beginning, not the end.  Preservation of 
these systems in the face of dynamic climatic and 

anthropogenic effects is an important public policy 
issue.   In the case of the San Pedro effort, we focus 
on ground water changes resulting from various 
anthropogenic changes.  The third step (Box 3) is 
the coupled model of the physical and biological 
systems whose relationships are represented, 
often in simplified form, within the Decision 
Support System. This represents what might be 
termed “current conditions” of the overall system 
representing the understanding of the systems 
components and their interrelationships. The fourth 
step is to introduce the scenarios (Box 2) into 
the decision support system (Box 3) to generate 
prospective changes to the ecosystem.  In this case, 
we are interested in the changes to the hydrology, 
riparian, and the avian components (Boxes 4, 
5, 6). This series of modeling steps provides the 
scientifically-based information necessary for the 
ecosystem valuation exercise.

San Pedro Riparian National 
Conservation Area (SPRNCA)

On November 18th, 1988, Congress designated 
40 miles of the Upper San Pedro River as a 
Riparian National Conservation Area (SPRNCA).  
The primary purpose for this designation was to 
protect and enhance the desert riparian ecosystem, 
a rare remnant of what was once an extensive 
network of similar riparian systems throughout the 
Southwest.  The SPRNCA contains nearly 57,000 
acres of public land and is home to 84 species of 
mammals, 14 species of fish, 41 species of reptiles 

 Figure 1. How to represent ecosystem services for valuation. 

•
•
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and amphibians, and 100 species of breeding birds.  
It also provides significant habitat for 250 species 
of migrant and wintering birds and contains 
archaeological sites representing the remains of 
human occupation from 13,000 years ago (Tellman 
and Huckleberry 2009).

Extensive human use of dryland rivers has 
resulted in many changes to their biota. For example, 
in parts of the San Pedro River Region, ground 
water depletion and overgrazing by livestock have 
contributed to shifts from cottonwood-willow 
(Populus-Salix) forests to Tamarix shrub lands 
(Stromberg 1998, Lite and Stromberg 2005).

As part of the formation of the SPRNCA, cattle 
grazing in and around the floodplain of the Upper 
San Pedro River was prohibited.  Figure 2 is a 
picture of the Upper San Pedro from the Hereford 
Bridge in 1984 and in 1998 (10 years after the 
cattle were removed).  As can be seen in the figure, 
the removal of cattle from the SPRNCA resulted in 
restoration of herbaceous riparian vegetation and 
a narrowing and stabilization of the river channel.  
In a recent study of the effects of cattle removal in 
the SPRNCA, Kruper et al. (2003) found dramatic 
increases in abundances of breeding and migratory 
bird species in the years following cattle removal 
that they attributed to increased vegetation volume, 
particularly in the herbaceous ground-layer.  

With the SPRNCA having been passively 
restored from overgrazing following removal of 
livestock, the question now confronting policy 
makers is how to preserve this diverse ecosystem.  
Climatic and anthropogenic changes pose threats 
to the continued preservation of the SPRNCA.  

Figure 3 details the magnitude of the task beyond 
removing cattle (Kreuper et al. 2003).  In the 
left-hand portion of the figure, the “status quo” 
is projected to lead to a reduction in the aquifer 
storage levels and in the right-hand portion, 
consumptive use of water resources will increase 
over time due to continued ground water pumping 
to support municipal, industrial, residential, and 
agricultural activities (Pool and Coes 1999, Pool 
and Dickinson 2007, Leake et al. 2008).

Decision Support System 
A significant research effort has been directed 

at understanding the impacts of ground water 
pumping on the SPRNCA biota and developing 
policy options that could be used to mitigate its 
impacts (Leenhouts et al. 2006, Pool and Dickinson 
2007, Leake et al. 2008). An up-to-date ground 
water flow model (Pool and Dickinson 2007) and 
decision support system have been developed with 
the aid of systems dynamic modeling software 
(Yalcin and Lansey 2004) by the Upper San Pedro 
Partnership. These tools provide the basis for 
understanding the impacts of alternative policy 
decisions and identifying the effectiveness of 
alternative water conservation measures for the 
Sierra Vista Sub-basin of the Upper San Pedro 
(Sumer and Lansey 2004, Richter 2006).  

The ground water flow model is a 3-D numerical 
representation of the aquifer in which the effects of 
pumping or recharge at one or more locations can be 
predicted at other locations.  However, to run multi-
decade simulations with this ground water model 
requires significant experience and computational 

Brookshire et al. 

Figure 2. View from Hereford Bridge of the SPRNCA pre (1984) and post (1998) cattle with removal 
(Courtesy of Bureau of Land Management).

62

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATIONUCOWR



time and is not suitable for incorporation into the 
Decision Support System for rapid assessment of 
a myriad of policy options by resource managers 
and decision-makers who do not have modeling 
expertise. Therefore, the decision support system 
model was designed to run rapidly and mimic the 
predictions of the ground water model. This was 
accomplished by running the ground water off-
line to develop unit response functions between 
user specified pumping or recharge locations and 

locations of interest such as along the riparian area.
The decision support system allows future 

conditions (scenarios) to be analyzed that 
represent alternative decisions and anthropogenic 
impacts. The scenarios were derived using a 
variety of adjustments within the decision support 
system.  Population growth rates can be changed 
differentially in four incorporated areas and three 
unincorporated areas (Figure 4a). Posited water 
importation amounts via an extension of the 

Figure 3.  Projected Climatic and Anthropogenic Impacts on the SPRNCA.

Figure 4. a. Cities and unincorporated areas in the Sierra Vista sub-watershed of the San Pedro.  b. Six USPP identi-
fied potential recharge sites.
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Central Arizona Project can be varied with different 
combinations of Central Arizona Project excess 
water recharged in multiple locations (Figure 4b). 
Large-scale rainwater harvesting in the City of 
Sierra Vista can be implemented; pumping and 
recharge amounts for Whetstone and Tombstone 
sites can be altered and the acres of irrigated 
agricultural can be varied.  The decision support 
system model, as configured, evaluates conditions 
from 2002 to 2048. 

Nine policy scenarios, differing from the current 
conditions case, were established by varying 
combinations of the above factors in the decision 
support system which resulted in the following 
nine ground water futures.
1. Ground Water Future 1: 0.5 m uniform decline 

in ground water table.
2. Ground Water Future 2: 1 m uniform decline 

in ground water table.
3. Ground Water Future 3: 0.5 m uniform increase 

in ground water table.
4. Ground Water Future 4: Continued and 

increased agricultural pumping near Palominas; 
new developments in unincorporated areas of 
Palominas and Hereford near SPRNCA.

5. Ground Water Future 5: Increasing cone of 
depression in Sierra Vista, Ft. Huachuca, and 
Huachuca City with impacts toward the lower 
Babocomari and northern SPRNCA.

6. Ground Water Future 6: Large increases 
in groundwater levels due to recharge and 
conservation efforts in Sierra Vista and Bisbee.

7. Ground Water Future 7: Combined from 
scenarios 4 & 5, representing effects of 
both agricultural pumping in the south and 
increasing cone of depression.

8. Ground Water Future 8: Low extreme - river 
essentially dries up.

9. Ground Water Future 9: High extreme - river 
essentially has surface flows throughout 
SPRNCA.

Within the coupled model framework of the 
decision support system, changes of ground water 
hydrology (e.g., changes in ground water levels 
relative to the channel) resource levels cause 
(Figure 1 - Box 4) changes in overall vegetation 
patterns (Figure 1 - Box 5). Our interest lies in the 

predicted changes in the vegetation classes in the system.
Based on research from project ecologists, river 

reaches were classified into one of three types 
(condition classes): Wet, Intermediate, Dry.  The 
condition classes are based upon nine types of 
plants that are sensitive to changes in the hydrologic 
regime.  This classification reflects variables such 
as annual surface water permanence, depth to 
ground water, and vegetation composition (Lite 
and Stromberg 2005, Stromberg et al. 2007).  Thus, 
each of the condition classes represents a different 
level of ecosystem functional capacity as driven 
by the hydrologic regime.  Currently, the SPRNCA 
consists primarily of Wet and Intermediate reaches. 
Under current conditions, the Dry condition class 
is primarily tamarisk (73 percent) and cottonwood 
(10 percent). The Intermediate reaches are 
approximately 21 percent tamarisk and 63 percent 
cottonwood and the Wet reaches have little or no 
tamarisk and 98 percent cottonwood. 

Figure 5 depicts the current condition of the river 
reaches and the predicted condition classes for the 
nine policy driven ground water futures.  Ground 
Water Futures 8 and 9 represent the extreme of 
the possible outcomes in SPRNCA. These are 
the situations where the Wet condition class is 
dominant (GWF 9) and where the Dry condition 
class is dominant (GWF 8).  The importance of 
the intermediate outcomes lies in the illustration of 
how different policy futures/scenarios may affect 
the riparian areas.

The change in the composition of vegetation 
leads to a change in the abundance of breeding 
and migratory birds throughout the SPRNCA 
(Figure 1 - Box 6).  Certain guilds within the avian 
community are strongly affected by the hydrologic 
regime and resulting vegetation composition, such 
as wading and canopy nesting birds (Brand et al. 
in revision).  Figure 6 illustrates the changes in 
avian populations as a result of the changes in the 
hydrologic regime and vegetation changes found 
in Figure 5. 

For example, in Figure 6, a 0.5 or 1.0 m meter 
uniform decline as represented by GWF 1 or 
GWF 2, respectively, would be expected to lead 
to declines in average migratory bird abundance 
within the study area compared with current 
conditions or the recharge scenario GWF 3 (Brand 
et al. in preparation).
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Figure 5. Nine hydrologic scenarios and the current conditions for the SPRNCA.

Valuing Ecosystem Services 
Attribute Bundles 

Linking the Decision Support System with the 
physical and natural science disciplines generates 
ecosystem attribute bundles (e.g., vegetation 
composition, water availability, breeding, and 
migratory bird abundances).  Using these, the social 
scientist is left to decide how to obtain economic 
values for these alternative bundles.  Currently, 
two stated preference techniques for conducting 
ecosystem services valuation have undergone 
significant development in the economics literature: 
Contingent Valuation and Choice Modeling.

CM, a variant of conjoint analysis, in its 
simplest form elicits an individual’s preferences by 
asking the subject to consider current conditions 
as represented by a bundle of specific ecosystem 
service attributes relative to an alternative bundle. 
This decision process is repeated multiple times. 
From this information the researcher may infer 
the marginal value (i.e., the value associated with 
the ecosystem attribute) for the various ecosystem 
attributes individually.  Contingent Valuation, on 
the other hand, asks individuals to explicitly state 
their willingness to pay for a proposed change in 
a single ecosystem attribute.  Both Contingent 
Valuation and Choice Modeling models utilize a 
random-utility framework to explain individuals’ 
preferences for alternative profiles and are directly 
estimable from the Contingent Valuation and 
Choice Modeling data.

The outcome of these approaches will yield 
marginal dollar values for changes in: miles of 
surface of water, breeding birds by nest height, 
breeding birds by surface water dependency, 
spring migratory birds, and alternative condition 
class vegetation options.

History of Research within the 
Upper San Pedro Basin

A research record spanning over 50 years 
provides a substantial scientific foundation that 
underpins this particular effort.  Multiple agencies, 
universities, and investigators have participated 
over the years in developing the underlying scientific 
understanding that enabled the development of 
the DSS and thus the inputs to the effort to place 
values on ecosystems services.   Much of the early 
(and continuing) research has been centered on 
the U.S. Department of Agriculture–Agricultural 
Research Service’s (USDA-ARS) Walnut Gulch 
Experimental Watershed, a sub-watershed within 
the Upper San Pedro River Basin (Moran et al. 
2008).  The Walnut Gulch Experimental Watershed 
is arguably the most densely instrumented and 
well-researched semiarid watershed in the world.  It 
was established in the mid-1950’s to conduct basic 
arid and semiarid hydrologic watershed research. 
An initial objective was to quantify the influence 
of upland conservation on downstream water 
supply to help understand and resolve conflicts 
arising from prior appropriation water laws. Early 
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research focused largely on the abiotic aspects of 
watershed characterization, process understanding, 
and watershed response.  The knowledge base, 
long-term databases, and substantial infrastructure 
of the Walnut Gulch Experimental Watershed 
served as a magnet for collaborative efforts with 
other Federal and state agencies, universities, and 
foreign researchers.

More integrative, multidisciplinary land-
atmosphere, and remote sensing research was 
initiated as part of the MONSOON’90 (Kustas and 
Goodrich 1994) and “Walnut Gulch ‘92” (Moran et 
al. 1993) experimental campaigns.  The core group 
of researchers from these projects formulated the 
SALSA (Semi-Arid Land-Surface-Atmosphere) 
Research Program to expand efforts into the 
Upper San Pedro River Basin in both the U.S. and 
Mexico (Goodrich et al. 2000) to move to larger 
spatial scales and a greater diversity of disciplines 
to more directly address semiarid global change 
research challenges. The SALSA Program (1995–
2000) brought together scientists from 20 U.S., 
five European, and three Mexican agencies and 
institutions and expanded the range of disciplines 
contributing to investigations to include ecology, 
biology, isotopic ecohydrology, and geophysics 
and initiated much more direct interaction with 
watershed managers, decision-makers, and the 
public to focus current research onto pressing basin 
needs (Chehbouni et al. 2000, Brady et al. 2000).  

In 1998, the Upper San Pedro Partnership was 

formed, which included the USDA-ARS as a 
member of the SALSA Research Program lead 
group. This development brought the integration 
of science with policy and decision-making 
squarely to the fore with water as a central focus 
and preservation of the ecological function 
of SPRNCA as a central goal.  Science-based 
decision-making is a key tenet of the Upper San 
Pedro Partnership  and they have made significant 
investments in research above and beyond those 
already noted.  In 2000, the University of Arizona 
was awarded a NSF Science and Technology 
Center grant named SAHRA  for “Sustainability 
of semi-Arid Hydrology and Riparian Areas.” The 
mission of this 10-year, $30 million plus research 
enterprise is to identify critical stakeholder-
relevant knowledge gaps and conduct basin-
focused multidisciplinary research to fill them and 
to convey what is known and what is being learned 
to improve water management and policy.  It was 
a natural fit for SAHRA to select the San Pedro as 
one of its focus basins and to begin working closely 
with the Upper San Pedro Partnership  shortly after 
its establishment.  Much of the research initiated 
in SALSA has been continued and expanded 
via SAHRA. SAHRA resources enabled more 
disciplines to be added to the San Pedro effort 
bringing in economists and social scientists with 
a strong education and outreach component which 
also led to the formation of the team conducting 
the study described herein.

Can Ecosystem Service Values Be 
Robust across Alternative Semi-Arid 
Riparian Areas?

It is recognized that the circumstances that 
resulted in the exceptional scientific foundation 
and integration with the policy and decision 
makers within the San Pedro is quite unique and 
would be difficult to replicate in other areas or 
watersheds.  The San Pedro characterization of 
research  or a decision-maker enterprise took much 
more time than a three-year grant cycle or five-year 
agency planning cycle, and it could not have been 
accomplished by a single agency or university.  
However, we can capitalize on this exceptional 
foundation to develop a very high standard for 
science-based ecosystem valuation.  We can then 
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test the transferability of San Pedro results to other 
areas. This will allow us to quantify the level of 
ecosystem valuation that can be done in locations 
that have garnered less funding but have similar 
issues and characteristics (e.g., semi-arid riparian 
areas).

The Middle Rio Grande in New Mexico is one 
such example of issues of declining water supplies 
and resulting changes in vegetation and bird 
communities.2  Beyond the question of determining 
the ecosystem values for certain services in the 
SPRNCA area, this research effort is addressing the 
same questions of value determination in the Middle 
Rio Grande. More specifically, we are interested in 
the robustness of the relative ecosystem values of 
the two sites: SPRNCA and  the Middle Rio Grande.  
That is, can the ecosystem values measured for one 
site be transferred to another site? The importance 
of this issue lies in the possibility of extending the 
SPRNCA ecosystem values to a larger area than 
just the SPRNCA per se or even other areas in the 
Southwest.

The use of benefit transfer studies has been 
growing over the years, not only as a recognition 
that original studies cannot be done in all 
locations due to their high cost, but also from the 
required expanded use of benefit cost analysis by 
governmental organizations (Brookshire and Neil 
1992, Desvousges et al. 1998, Brookshire and 
Chermak 2007, Brookshire et al. 2007).

Most of the literature on benefit transfers has 
relied upon science as a given in the valuation 
process (Desvousges et al. 1998). We seek to 
expand this discussion to consider issues of how 
the science should be organized in generating the 
ecosystem attribute bundles for valuation purposes.

In determining the attribute bundles for valuing 
the ecosystem services of the SPRNCA and Middle 
Rio Grande there are four possible methods that 
could have been utilized:
1. Focus only on the SPRNCA ecosystem:  This 

valuation process would use the best available 
science information to uniquely reflect the 
attributes in the SPRNCA. Consideration 
would not be given in the design to the issues 
associated with transferring the valuation 
results to other semi-arid riparian areas.  This 
would lead to a traditional benefit transfer 
exercise where the transfer is only a “rough” 

fit with regards to the attributes.
2. Focus only on an alternative ecosystem (the 

Middle Rio Grande, NM): The valuation 
process would use the best available science 
information to uniquely reflect the attributes of 
this system.  Consideration would not be given 
in the design to the issues associated with 
transferring the valuation results to other semi-
arid riparian areas.  Again, this would lead to a 
traditional benefit transfer exercise.

3. Design the valuation instruments with the 
SPRNCA as a base, attempting to account for 
the disparity in scientific information between 
the SPRNCA and an alternative ecosystem (the 
Middle Rio Grande, NM) (e.g., differences in 
types and amounts of scientific information 
and differences in the ecosystems themselves 
including the different species assemblages 
found in the two areas): This would engender 
a more robust set of benefit transfer exercises.

4. Design the valuation instruments in tandem, 
with the goal of creating a set of ecosystem 
values that are transferable to most semi-arid 
regions in the Southwest.

Depending on the goal desired, one would 
follow a different process, where the results of each 
goal may be in conflict with each other.  Below we 
outline in more detail the oppositional nature of 
these goals.

In defining the attributes to be valued, one key 
problem is how to represent the complex ecological 
processes and outputs, many of which are inherent 
to particular locations.  For instance, in developing 
the SPRNCA condition class model, nine different 
riparian vegetation attributes are measured 
(Stromberg et al. 2007, Lite and Stromberg 2005) 
where only four vegetation attributes are to be 
represented in the survey. Likewise the avian 
modeling for the San Pedro estimated over thirty 
possible single-species and twelve grouped-
species abundance attributes for breeding and 
migratory birds, as well as species richness and 
nest success, with only three attributes being used 
in the ecological valuation study.  Clearly the level 
of detail normally addressed by science goes far 
beyond the cognitive burden of survey respondents.  
Additionally, there is no assurance that the 
scientific attributes selected for the San Pedro will 
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apply as well to other study areas.  Structuring and 
simplifying the science inputs from the ecologic 
models across locations requires an iterative and 
multi-pronged process.

Goal 1: Focus Only on the SPRNCA Ecosystem
The key physical driver in the SPRNCA is the 

availability of surface and ground water.  Ground 
water pumping in concert with natural variations 
in stream hydrogeomorphology creates gradients 
of depth to ground water along the river.  The 
riparian vegetation responds to these changes in 
surface and ground water resulting in a change in 
the composition of riparian vegetation.  To best 
represent this, changes in vegetation attributes 
would need to be presented for each river reach in 
terms of:
1. Abundance of tall, flood-dependent, wetland 

trees (i.e., Fremont cottonwood and Goodding 
willow); 

2. Abundance of short, flood-dependent, drought-
tolerant shrubs (i.e., tamarisk); and

3. Abundance of wetland ground cover and 
stream surface water.

Riparian birds respond to both the physical 
change of surface and ground water and the change 
in the vegetation composition, resulting in a change 
in bird species composition and abundance.  For 
example, Brand et al. (in review) found that 
canopy nesting birds had lower abundances in salt 
cedar compared with tall trees on the SPRNCA 
associated with the transition of wet or intermediate 
reaches to dry reaches.  That study also found that 
water obligate birds (e.g., wading, swimming, or 
shorebirds) had lower abundances in intermediate 
or dry condition classes compared with perennial 
flow.  It was also hypothesized that migrating birds 
would decrease in abundance in drier reaches 
thought to harbor less insect prey. To best represent 
these expected changes, bird attributes would need 
to be presented in terms of:
1. Abundance of canopy vs. non-canopy nesting birds;
2. Abundance of water-dependent birds; and
3. Abundance of migrating birds.

Goal 2: Focus Only on an Alternative 
Ecosystem (the Middle Rio Grande, NM)

The key physical driver in the Middle Rio 
Grande is the alteration of the flood disturbance 
regime.  Secondarily, human restoration actions 
drive change, where changes in the system have 
occurred as a result of channelization, land 
clearing, agricultural use, wildfire control, and 
urban use.  As a result of the reduction in river 
flooding caused by dam management, the species 
composition of the riparian vegetation has changed 
and the density of the vegetation has increased.  
Some parts of the floodplain support tall, old, 
flood-dependent cottonwood forests with a very 
dense understory of smaller, flood-intolerant trees.  
Some of the understory trees are introduced species 
(such as Russian olive); others are native (such as 
New Mexico olive).  As a result of changes in the 
pattern of river flooding (and perhaps in water-
table depth), other parts of the floodplain no longer 
support cottonwood but support dense stands of the 
shrub salt cedar.  Restoration actions are shaping 
the vegetation by mechanically clearing non-
native plants in the dense mid-story vegetation.  To 
characterize these changes, the information would 
be presented in terms of:
1. Abundance of tall, flood-dependent, wetland 

trees (i.e., Fremont cottonwood and Goodding 
willow); 

2. Abundance of short, flood-intolerant trees. 
a. native
b. introduced; and

3. Abundance of short, flood-dependent, drought-
tolerant shrubs (i.e., tamarisk).

As a result of changing vegetation, riparian birds 
change in terms of composition and abundance.  
For example, mid-story and possibly understory 
nesting birds would be predicted to decrease in 
abundance with mechanical thinning of the non-
native understory. Migrating birds could also 
decrease in abundance due to decreased vegetation 
volume or lower insect prey. To characterize these 
changes, information should be presented in terms 
of:
1. Abundance of canopy, mid-story, and 

understory nesting birds; and  
2. Abundance of migrating birds.
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The distinct physical differences and anthropo-
genic pressures between the alternative ecosystem 
(the Middle Rio Grande, NM) and the SPRNCA 
illustrate that goals 1 and 2 would lead to a different 
set of vegetation and bird attributes if each site 
were considered individually.  For example, we did 
not expect strong effects on water-obligate birds 
since the surface water regime was expected to 
stay more constant across scenarios on the Middle 
Rio Grande, in contrast with the SPRNCA. The 
different attributes demonstrate how different 
physical and anthropogenic drivers on the two 
river systems (alteration of ground water regime 
on the SPRNCA; active mechanical thinning and 
lack of flooding on the Middle Rio Grande) impact 
the ecosystem attributes.  

Goal 3: Create a Set of Ecosystem Values 
Transferable across the SPRNCA and  
Middle Rio Grande

Ground water and flood regimes are two key 
driving variables that structure dryland riparian 
ecosystems across the SPRNCA and Middle 
Rio Grande river systems, while mechanical 
thinning of understory vegetation (“restoration”) 
is an important physical driver for the Middle 
Rio Grande.  To capture the effects of changes in 
these master variables on riparian vegetation of 
unconstrained, low gradient, historically perennial 
rivers of the American Southwest, information 
could be presented for each river reach on:
1. Abundance of tall, flood-dependent wetland 

tree species (e.g., Fremont cottonwood, 
Goodding willow);

2. Abundance of short, flood-dependent drought-
tolerant shrub species (e.g., tamarisk);

3. Abundance of short, flood-intolerant trees 
(e.g., Russian olive, velvet mesquite); and

4. Abundance of herbaceous wetland vegetation 
and surface water.

The key variables that are driving changes 
on SPRNCA and/or Middle Rio Grande bird 
communities are the availability and composition 
of riparian vegetation and surface water.  To capture 
these more general influences, information should 
be presented on the union of attributes from the 
SPRNCA and Middle Rio Grande:

1. Abundance of canopy, mid-story, and 
understory nesting birds;

2. Abundance of water dependent birds; and
3. Abundance of migratory birds.

The distinction between goals 1 or 2 with goal 3 
shows that the set of vegetation and bird attributes 
would need to be the union, or combination, of 
attributes for the two individual river systems.  For 
example, characterizing birds on the basis of three 
nest height classes on both rivers should enable us 
to isolate bird groups sensitive to changes on the 
SPRNCA (e.g., canopy nesting birds) and on the  
Middle Rio Grande (e.g., midstory nesting birds).  
If each site were considered individually it would 
be important to have the set of attributes that best 
represented the specific physical drivers occurring 
on that river system.

Goal 4: Create a Set of Ecosystem Values 
Transferable across Southwestern 
Riparian Systems

There are many key variables that shape semi-
arid riparian areas in the Southwestern U.S., 
such as hydrologic regimes (ground water flows, 
base flows, flood flows) and geomorphic regimes 
(sediment flows and other geomorphic processes). 
Other key drivers include water quality (including 
salinity and nutrients), fire, climate, and activities 
of mammals including beavers (an ecosystem 
engineer), large herbivores, and people (including 
restoration actions). The approach would need 
to quantify ecosystem response to the wide 
range of flow regimes (ephemeral, intermittent, 
perennial), watershed sizes and stream orders 
(flood magnitude), stream geomorphologies 
(stream gradient, floodplain width), elevations and 
geographic locations found throughout the region. 
A taxonomy of the major types of human actions 
that can alter riparian areas in the Southwest 
would be needed to pursue this approach. This 
taxonomy of human actions would then be used 
to create riparian vegetation responses and 
changes in bird abundances.  Implementation of 
this goal would require the development of some 
sort of index to predict what is going on in a 
new river system without conducting significant 
research and collecting a lot of additional system 
characterization data.
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The Surveys: A Brief Summary
Our path has been Goal 3.  That is, we have 

focused on the development of the surveys using the 
best science available from the SPRNCA and using 
that as a basis to inform the science for the Middle 
Rio Grande.  Four surveys are currently being 
administered: 1) SPRNCA - Choice Modeling, 2) 
SPRNCA - contingent caluation, 3)  Middle Rio 
Grande - choice modeling, and 4)  Middle Rio 
Grande – contingent valuation.  The surveys were 
developed with the help of the scientists on the 
project in order to maintain the scientific accuracy 
of the survey information and by focus groups.

The structure of the “Coarse” SPRNCA choice 
modeling and the contingent valuation survey 
have the following components: (The Middle Rio 

Grande surveys are similar.)
1. Introduction and discussion of the importance 

of riparian zones;
2. Background information of three important 

characteristics of the SPRNCA; 
3. Discussion of water (focusing on surface 

and ground water interactions), vegetation 
(focusing on types and relationships to water 
availability) and birds (focusing on types and 
relationship to vegetation cover);

4. Current conditions for the three riparian 
condition classes;

5. Relevant policy measures (appropriate 
variations for contingent valuation);

6. Choice or dichotomous questions (appropriate 

Figure 7. Example of a Choice Modeling question in the “coarse” survey.
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variations for contingent valuation); and
7. Socioeconomic activity information.

Respondents are presented with a summary of 
each of the current condition classes, and provided 
with information about the average surface flow and 
density of birds by type (Figure 7). The appropriate 
question structure is then asked of the respondents 
depending on whether it is a choice modeling 
or contingent valuation survey. The surveys are 
Internet based with follow-up mail surveys, if 
necessary.  The sample pool is a random sample of 
households within 800 miles of the SPRNCA.

The results will provide the marginal dollar 
values for changes in: 1) miles of surface water, 
2) abundance of breeding birds by nest height,             
3) breeding birds by surface water dependency, and 
4) spring migratory birds and vegetation condition 
classes.

Summary
Conservation of fresh water systems will 

continue to be a critical issue in the semi-arid 
Southwestern U.S.  Integrating the vast amount of 
scientific knowledge of these fresh water systems 
into a survey to determine ecosystem values can 
help policy makers as they prepare to preserve 
diverse ecosystems through reallocation of existing 
water resources.  The SPRNCA research efforts are 
an example of a Southwestern ecosystem that has 
shown great promise in integrating science and 
policy goals.

Just as the coupling of the science models allows 
for an evaluation of water supply alternatives, the 
integration into the decision  support system of 
the ecosystem values will allow for evaluation 
of more detailed and robust scenarios. The 
scenarios that could then be considered would 
move beyond basic planning efforts (e.g., where 
to allow wells and recharge basins) to formally 
integrate behavioral relationships. Thus, a variety 
of behavioral incentives, such as urban water use 
pricing schemes, could then be explored and the 
evaluation would draw directly upon the underlying 
ecosystem values as various tradeoffs were made. 

End Notes
The Upper San Pedro Partnership (USPP - http://
www.usppartnership.com) is a consortium of 21 

1.

NGO’s, a private water company, and local, state, 
and Federal agencies (Richter et al. 2009) that is 
working to maintain sufficient water for the basin’s 
citizens and a functioning riparian ecosystem in the 
San Pedro National Riparian Conservation Area 
(SPRNCA) through conservation and augmentation 
projects.

We refer to the Middle Rio Grande as roughly being 
from Cochiti Dam to Socorro, NM. Our actual 
study area is within its boundaries from Corrales 
to Bernardo.
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The hydrologic cycle is an accepted concept 
that describes the mobility of water in its 
natural state. Evaporation, precipitation, 

infiltration, surface runoff and other elements are 
all part of the cycle. Water management goals 
recognize the hydrologic cycle by using terms 
such as “holistic” or “integrated” management 
meaning that the different parts of the cycle should 
somehow be managed together. Unfortunately, 
integrated or holistic management is seldom the 
case and is really not possible under the current 
property rights structure that controls water rights 
in the United States. Integrated management is 
made more difficult because the hydrologic cycle 
distributes water according to “its” rules and not 
human needs.  Regional shortages are resolved by 
structural or physical means that interfere with the 
hydrologic cycle and re-distribute water. Today, 
new structural or physical solutions to increase 
regional water supplies are either expensive or the 
water is unavailable. That means regional water 
shortages will increasingly be resolved by water 
reallocation. However, market reallocation is 
based on property rules that ignore the reality of 
the hydrologic cycle. Legislative reallocation, an 
alternative to markets, often arbitrarily ignores both 
the hydrologic cycle and the expectations of those 
who have water rights. If rationality is to be brought 
into the reallocation process, the entire hydrologic 
cycle must be included within a system of property rights 
that recognizes the mobile nature of water.

Perhaps the solution is to make the water estate 
“dominant.”  A dominant water estate by its very 
nature would require all water in the hydrologic 
cycle to be included in a unified property rights 
system.  This change in rules would be especially 
relevant in arid areas where “values inhere in the 
water not the land; the land without the water is 
without value” (Powell 1890). But in spite of water’s 
intrinsic value in arid areas, today’s property rules 
make water subservient to land rights. Making 
water rights the dominant estate would facilitate 
water reallocation, especially within a market 
context. This paper reviews the history of dominant 
and subservient estates in land and, with regard to 
water, describes what the dominant water “estate” 
would be like, looks at the rules (including market 
rules) that would be required for the system, 
and briefly addresses constitutional concerns in 
implementing a change. Political feasibility is not 
addressed in specific terms. That being said, in a 
time of crisis, solutions generally come from the 
ideas lying on the table.  The dominant water estate 
is an idea that should be on the table whether it can 
readily be implemented or not.

Dominant Mineral Estates, Surface 
Estates, and Water Rights

Traditional common law property rights recognize 
that land ownership can be divided between a 
surface estate and a mineral estate. For example, 

Abstract:  Different parts of the hydrologic cycle have been separated into different property rights regimes.  With different 
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I can own oil or gas rights without owning the 
land’s surface.  Someone else may own the rights 
to coal on the same land.  When the mineral estate 
is dominant, as it is under U.S. common law, the 
owner of the mineral estate has a right to develop 
the minerals including a right to make use of the 
land surface (Lacy 1976). The surface owner 
has an estate subservient to the mineral owner’s 
rights. Use of the surface by the dominant mineral 
estate owner includes the right to disturb it, and 
historically, complete destruction of the land’s 
surface was sometimes an accepted practice 
(Ferguson 1974). Many inequitable situations 
resulted so that the common law doctrine has been 
modified statutorily in many states (Welborn 1994).  
Another aspect of dominant mineral estates is that 
surface owners have no right to utilize or harm this 
separate mineral estate. The rationale for making 
the mineral estate dominant is based on the idea 
that the mineral estate would have no value without 
the right to develop the minerals (Ferguson 1974).  
Why would anyone purchase the mineral estate or 
retain it in a property transaction if they did not 
intend to develop it?  In summary, a dominant estate 
if severed from surface property rights, allows the 
dominant right to be developed even if the surface 
estate is impacted, and prevents the subservient estate 
from harming the dominant estate.  

Water rights can also coexist with land rights, 
but the dominant or subservient roles of land 
and water are more mixed. Land rights become 
dominant when land uses are allowed to disrupt the 
hydrologic cycle at will.  In varying degrees this is 
the prevailing policy paradigm.  In a few instances 
water uses are “preferred” over land uses making 
them “dominant” to an extent. These preferences 
generally protect a substantial public interest and 
limit disruption of the hydrologic cycle for policy 
reasons. This is not to imply that interference with 
the hydrologic cycle can never occur.  It means 
that interference is only allowed when it conforms 
to this public interest. These two elements, “public 
interest” and the integrity of the hydrologic cycle, are 
the keys to understanding the dominant water estate.

Navigation is a good example of a public 
interest use of water.  From ancient times to the 
present navigation has had a “preference” over 
other economic uses of water and sometimes uses 
of adjacent land.  In Roman times the public’s 

right of navigation extended to adjacent private 
shores where unloading cargo was a public right 
associated with the right of navigation (MacGrady 
1975). England’s Magna Carta prohibits the 
construction of fishing weirs that block navigation 
(Getzler 2004). The public right of navigation 
allows the public to use the water body and 
prohibits activities that interfere with navigation.  
This use right can include recreational fishing.  
In the U.S. the “Federal navigation servitude” 
prevents adjacent landowners from filling the bed, 
dredging, or erecting barriers to navigation without 
a permit. The Federal government can modify the 
bed or banks of streams or lakes covered by the 
servitude without compensation including the 
destruction of improvements made by the adjacent 
owner (Rasband 1998). This makes the Federal 
navigation servitude dominant over conflicting 
uses (U.S. v. Twin City Power Co. 1956).  Waters 
included in the navigation servitude are narrowly 
defined and generally do not extend to waters used 
only for recreation purposes.

States also create preferences in water uses 
beyond the Federal navigation servitude. These 
state-granted rights may infringe on traditional 
land rights.  For example, many states allow 
public passage for recreation on streams and lakes 
where the bed and banks are private property 
(Leighty 1971).  Touching of the bed and banks 
may not be considered a trespass, and in Montana 
camping may be allowed if necessary (Galt v. State 
Department of Fish, Wildlife and Parks 1987).  In 
another example, many western states allow private 
land to be condemned by water rights holders in 
order to build ditches and canals for irrigation.  
Condemnation of private land by private parties 
is unusual unless a very strong public interest 
can be shown. The U.S. Supreme Court long ago 
recognized this right (Falbrook Irrigation District 
v. Bradley 1896), and it is found in some state 
constitutions (See e.g. Idaho Const. art 1 sec. 14).  
To a limited extent preferences are also found 
within the system of private property rights. 

Private Water Rights and Dominant 
or Subservient Estates

In the West water and land are separate estates 
making the dominant and subservient role of each 
right an intrinsic part of management.  In general, 
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land rights dominate with land use choices being 
made without regard to the hydrologic cycle or to 
water rights. For example, landowners can clear-
cut a forest on their land and not worry about 
changes in run-off.  In the East the approach is 
different because water rights were traditionally 
tied to land ownership and inseparable from it.  In 
neither the western or eastern system does the right 
extend to all water in the hydrologic cycle.  Let us 
begin our discussion of private rights by looking 
first at the eastern states, then turning to diffused 
surface water, ground water and the appropriation 
doctrine.

During the industrial revolution riparian owners 
valued streams principally for their “energy” in the 
form of flow (Getzler 2004). Conflicts between 
common users were resolved by the “natural flow” 
doctrine which gives a preference for in-stream 
uses over uses on the adjacent land. The doctrine 
has largely been replaced by the “reasonable use” 
doctrine, but nominally still exists in some states.  
Under the “natural flow” doctrine, water is left 
in the stream undiminished in quality or quantity 
thereby protecting the integrity of the hydrologic 
cycle.  The more prevalent reasonable use doctrine 
allows off-stream uses that are “reasonable” 
(Dellapenna 2001). The reasonable use doctrine 
removes the preference for in-stream uses allowing 
a greater amount of use on adjacent land and more 
disruption of the hydrologic cycle. 

Additionally, under either riparian doctrine only 
part of the hydrologic cycle is included.  Riparian 
rights exist only in waters in a watercourse or lake 
and do not extend to diffused surface water, soil 
moisture, atmospheric moisture, or ground water 
(except ground water in an underground stream).  
Surface run-off (diffused surface water) is subject 
to a “rule of capture” when the water is to be 
consumed, but disputes are rare.  A rule of capture 
makes land rights dominant because landowners 
can take this water and alter flow within the 
hydrologic cycle.  Dealing with excess diffused 
surface water is a greater problem.

Drainage disputes, where excess water is 
removed from land, are controlled by three 
other property rights doctrines associated with 
land ownership (Dellapenna 2008). The first, 
the “common enemy rule,” allows landowners 
to interfere with the hydrologic cycle in order to 

prevent surface run-off from flowing onto their 
land.  This was considered an absolute right of the 
property owner making the land right dominant.  
This rule was a boon to land developers who could 
change the surface configuration of their land 
surface with impunity.  Harsh results eventually led 
to exceptions being made and a slow transition to 
property rules based on reasonable use.  The second 
doctrine is the “natural servitude rule.” Under this 
rule landowners must maintain the natural drainage 
across their land thereby upholding the integrity of 
the hydrologic cycle. The land right is subservient 
to the natural flow of water within the hydrologic 
cycle. The servitude is enforced by landowners 
who would have received the surface runoff if 
modifications had not been made.  This rule impedes 
investments in land, and exceptions to it developed 
in time including a reasonable use exception.  The 
third doctrine is the “reasonable use rule.”  This 
rule allows landowners to modify the surface of 
their land and interfere with the hydrologic cycle 
as long as neighbors are not unreasonably injured.  
Today this approach is the emerging norm, and it 
attempts to balance land rights with natural water 
movement.

Ground water has different property rules 
(Matthews 2005).  Ground water is water in an 
aquifer and does not refer to soil moisture or other 
water that has not reached the saturated zone.  
Water between the land surface and the water table 
is considered a land right with the water being the 
property of the landowner.  Four basic doctrines 
exist for controlling rights to ground water.

Three of these doctrines are directly attached 
to land ownership. The fourth, based on the 
appropriation doctrine, separates land and water 
rights. Under the almost completely abandoned 
“absolute ownership” doctrine, landowners can 
pump any ground water under their land in spite 
of the harm done to neighboring landowners who 
share the aquifer.  If you pump it, you can use it for 
whatever purpose you chose.  Adjacent landowners 
have no say in how the water is used.  Texas is usually 
given as the example for this doctrine (Lusk 1998).  
The “correlative rights” doctrine is also attached to 
land ownership.  Landowners over an aquifer have 
a right to use the water but must proportionately 
share it based on the number of acres they own 
over the aquifer.  California is usually used as the 
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example for this doctrine (Katz v. Walkinshaw 
1903).   In the eastern states the “reasonable use” 
doctrine allows landowners overlying an aquifer to 
use ground water as long as the use is reasonable.  
In all three doctrines, water use is made subservient 
to the needs of the landowner.  In western states, 
where the appropriation doctrine controls, the basis 
of the right is different as discussed below. 

In the West water starts out as a public right.  
However, these public rights are allowed to be 
converted to private rights through a permit system.  
This system of private rights requires water to be 
diverted from a stream, intentionally disrupting the 
hydrologic cycle.  The right is attached to a place 
of use, but land ownership is not required.  For 
example, an individual can establish a water right 
for permitted uses on Federal land. If the water 
right is on private land, the right is considered 
“appurtenant” to the land and goes with it when the 
land is sold or ownership changed, unless the right 
is specifically excluded from the transaction.  In 
general only water that is in a watercourse, lake, or 
aquifer is subject to the appropriation doctrine but 
some states include additional waters (Beck 2008).  
Diffused surface waters are subject to capture by 
the surface owner.  Soil moisture is generally not 
included in state regulatory schemes and by default 
is “used” exclusively by the land owner.  This 
is the same result as in riparian states.  Also the 
hydrologic connection between ground and surface 
water is not clearly recognized by all western states 
creating two distinct systems of property rights. 

As can be seen from this discussion, neither the 
riparian or appropriative rights doctrines create 
rights in the entire hydrologic cycle. Owners 
of the surface or mineral estates frequently use 
their property in ways that interfere with the 
hydrologic cycle and indirectly impact the water 
rights of others.  These indirect impacts can occur 
without obtaining a water right.  The impacts on 
water are generally ignored because the water 
right is, in effect, a subservient estate.  Typical 
impacts on the hydrologic cycle result from the 
following examples: 1. capturing surface run-off 
before it reaches a watercourse, 2. changing the 
land’s gradient to increase infiltration and thereby 
decrease run-off, and 3. changing land cover in 
ways that increase (or decrease) evapotranspiration 
and thereby decrease (or increase) run-off or 

infiltration.  
Surface and mineral rights are generally 

dominant over water rights today.  Although the 
natural flow doctrine for riparian rights and the 
natural servitude rule for diffused surface waters 
historically protected the integrity of the hydrologic 
cycle, these doctrines did not create a property 
right in water.  Instead adjacent landowners sued 
their neighbors if their land rights were harmed.  
Only the Federal navigation servitude creates a 
true dominant right with the right being held by 
the public.  The dominant estate envisioned in this 
article would be similar to this Federal right.  The 
next section describes the nature of the dominant 
estate and the impacts it would have on land and 
water use.

The Nature of a Dominant Water Estate
The dominant water estate makes most sense 

in arid parts of the world like the western U. S., 
Australia, and elsewhere.  As Powell (1890) 
said, water is the valuable property right and not 
necessarily land. The remainder of this paper 
devotes itself to a discussion of how the dominant 
water estate could be incorporated into the western 
appropriation doctrine.  The two major aspects of 
the dominant estate must first be described.

The first aspect of the right is based on the 
difficulties inherent in assigning property rights 
to a mobile resource.  Private property rights are 
generally thought to be “exclusive” rights.  How 
can this happen with water constantly being 
“recycled”? Water is inherently “shared” not 
“exclusive.” The same molecule may be used 
successively by many users.  Therefore, water has 
both public and shared aspects.  This public aspect 
is the first element of the dominant right that must 
be recognized and in fact has been.  The public 
nature of western water was recognized early and 
incorporated in western state’s constitutions.  In 
the West, water is generally considered to be the 
property of the state (See e.g., Mont. Const. Art. 9 
sec. 3(3)) or the people of the state (Colo. Const. 
Art. XVI sec. 5).  

The early designers of the appropriation doctrine 
also realized that in order to obtain “value” from 
water it had to be diverted from a stream and put 
to a beneficial use.  For them a beneficial use was 
irrigation, mining, industry, domestic supply, and 
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other consumptive uses. This required a system of 
private rights for these public waters in order to 
facilitate development.  For most of its history the 
appropriation doctrine ignored the public aspect 
of water and allowed private uses to dominate.  
Permits for private rights and transfers of those 
rights were not allowed unless they were in the 
“public” interest, but the public interest was 
seldom defined. Generally, any economic use 
was acceptable. In-stream uses for fish habitat, 
aesthetics, or recreation were precluded because a 
diversion from the stream was required.  However, 
these private rights to use water are still subject 
to the public interest rights established in state 
constitutions.

Today, the public aspect of water is gaining 
strength, and in-stream uses are common in many 
states (Boyd 2003, Mulvaney 2009).  Beneficial 
use is being defined statutorily (Colo. Rev. Stat. 
sec. 37-92-103(4)) or judicially (In re Water Right 
Claim No, 127-2, 1994) to include recreation and 
environmental uses.  The public (state) can in many 
places appropriate water for in-stream purposes.  
Public interest reviews before reallocation or 
permit issuance now include a broader spectrum of 
public interests (N.D. Cent Code sec. 61-04-06).  
Even though this public aspect of water rights is 
beginning to emerge it is often given lip service 
only.  In-stream rights may be legally possible, but 
they are seldom created (Benson 2006, Pilz 2006).  
Environmental or recreation uses may be beneficial 
(Mont. Code Ann. Sec. 85-2-102(2)), but they are 
seldom the basis for a right.  It may be possible for 
the public (state) to appropriate water, but it seldom 
does so.  Public interest review is often cursory 
giving little weight to public environmental and 
recreational values. In order for the water estate 
to become dominant, the public aspect of water 
rights must be strengthened.  This does not mean 
private rights will disappear.  They will, however, 
be subject to a dominant public interest.   

The second aspect of the dominant water 
estate integrates the entire hydrologic cycle.  
Currently the appropriation doctrine assigns 
water rights only to part of the hydrologic cycle.  
However, ignoring the hydrologic cycle can have 
consequences.  For example, small domestic wells 
may be exempt from the appropriation doctrine.  
When these wells occur in great numbers over 

a small area they can have a negative impact on 
hydrologically connected surface waters. The 
appropriation doctrine excludes other water as well 
– atmospheric water, diffused surface water, and 
soil moisture.  Because atmospheric moisture is 
difficult to manage, policy makers ignore it giving 
the landowner on whose property it falls a right to 
capture it.  This is appropriate in a system where 
land rights dominate, but rainwater harvesting can 
have an impact on the hydrologic cycle.  Colorado 
is one of the states with an exception, allowing 
rainwater harvesting only under limited conditions. 
The Colorado legislature created this exception in 
2009.  Rainwater harvesting is only allowed for 
homes that have their own wells as long as the 
water is captured from a roof and used inside the 
house (Colorado Division of Water Resources 
2009). 

The impact of implementing the dominant water 
estate will require an entirely different approach to 
land use practices.  Owners of surface and mineral 
estates would have no right to use or interfere with 
the dominant water estate unless they have a water 
permit.  In practical effect this means that any 
interference with or change in the hydrologic cycle 
would require a permit.  This includes planting 
crops that consume water before it reaches an 
aquifer or ones that consume water directly from an 
aquifer.  This change, as will be discussed below, 
has constitutional implications related to taking 
property rights without just compensation.

Four other issues related to the structure of the 
rights system must also be addressed.  How should 
the public interest be protected?  How do private 
rights fit into this scheme and what will they look 
like?   What is the process that will control markets 
for these private rights?  Should exceptions be made 
for certain small users? A set of rules is needed to 
answer these questions.

Rules for the System
In western states, the basis of the public interest 

in water has already been established through state 
ownership claims or the public trust doctrine.  The 
public has a substantial interest in the way water 
is managed. How can that substantial interest 
be protected, especially in light of the system of 
private rights that has also been established? The 
simple answer is to re-assert that the private uses 
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of water are subject to a broad and dominant public 
interest.  More complicated is defining the public 
interest and determining how to protect it.  A policy 
that prohibits interference with the hydrologic 
cycle would protect the natural environment, but 
is that the only element that is part of the public 
interest?  An analogy can be made to the way our 
public lands are managed.

The Federal public domain is public in a way 
similar to water.  As the U.S. developed, many 
private uses were allowed on these public lands.  
Eventually permits were required for most of these 
uses.  Permits were for a term of years, and were 
often renewable.  Although many users think of 
these in terms of permanent “rights” they are not 
(Wechsler 2001).  These permits are analogous to 
a water right permit in many ways.  But, public 
lands have always been subject to congressional 
power under the constitution’s property clause, 
and Congress has frequently exercised that power.  
Additionally, congressional power over Federal 
property is “without limitation” (U.S. v. Kleppe 1976). 
This means permits can be modified, environmental 
consequences can be examined before renewal, and 
use restrictions can be incorporated.  The Federal 
approach to managing public lands has gone through 
many changes as societal goals and attitudes toward 
these lands have changed.  Beginning in the 1970s, 
environmental assessment and planning dominated 
with major statutes being passed requiring agencies 
to manage public lands through a planning process.  
Today, many managers feel the existing system is 
too cumbersome and needs to be revised.  Adaptive 
management principles are being recommended 
(Glicksman 2009, Ruhl 2005).

Planning and adaptive management can also be 
used to protect the public’s interest in water within 
the context of the dominant water estate.  Adaptive 
management allows management goals to be set 
and creates measurements to see if the goals are 
being achieved.  If the goals are not achieved, 
modifications are made to the management strategy.  
Adaptive management is a process designed to 
achieve goals in the face of uncertainty.  Scientific 
uncertainty over the best management approach is 
leading federal land managers to use this process.  
Similarly, scientific uncertainty exists when 
humans interfere with the hydrologic cycle.  For 
example, when water is reallocated it is difficult to 

predict all the impacts that will occur.  The public 
interest in water needs to be defined by a set of 
goals with success in achieving those goals being 
regularly monitored.  These goals should balance 
the integrity of the hydrologic cycle with the 
consumptive uses allowed for permit holders.  If 
goals are not achieved, the management strategy 
should be changed.  This process will be active and 
on-going.

How do private rights fit into this management 
process?  The answer is similar to the solution on 
Federal lands.  Permits need to be renewable and to 
have contingencies or conditions built into them.  
California already has conditions in their water 
rights and has a strong interpretation of the public 
trust that gives water rights a contingent aspect 
(U.S. v. State Water Resource Control Bd. 1986).  
Permits are issued subject to this public trust 
(National Audubon Soc’y v. Superior Ct. 1983).  
The actual elements of the water permit should 
contain all the “use” rules currently found: point 
of diversion, volume, time of use, and priority 
date.  In addition, a consumptive volume needs 
to be included.  The consumptive volume should 
not be based on what a specific user consumes but 
should be a simple rule that is applied to a category 
of uses.  This consumptive volume, like the other 
elements of the right, is modifiable within the 
adaptive management process. 

What are the rules that will be applied to the 
marketing of these private permit rights?   Permit 
holders will be allowed to sell the consumptive 
volume defined in their permit. Challenges to 
sales by third parties who claim they are impacted 
will not be allowed. However, sales will require 
an evaluation of impacts on the goals set by the 
adaptive management process as well as impacts on 
third parties.  The public interest is broadly defined 
and protected by these goals as are the private 
uses allowed for each stream under the adaptive 
management process. The transfer approval process 
is meant to be short and contingent.  Streams will 
be constantly monitored through the adaptive 
management process. If goals are not being met 
or impacts occur on other uses, modification to 
reallocation transactions can be made.  The idea is 
to simplify sales of permit rights by creating simple 
rules that standardize rather than individualize 
each transaction.  Contingent sales would allow the 
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existing monitoring process to determine if harmful 
impacts will preclude achievement of goals.

Should exceptions be made for small users?  If 
we define the public interest to include the entire 
hydrologic cycle, then we have enforcement issues 
for residential households and other small land 
holders.  For example, I have a xeric front yard, but 
use rain barrels in my back yard that potentially 
interfere with the hydrologic cycle. Should I 
be required to get a water permit? The answer 
is probably not.  In areas of dense population or 
fragmented ownership the goals set by adaptive 
management are best met by land use regulations 
rather than individual permits.  For example my 
local government might limit the capacity of my 
rain barrels in order to meet goals. However, the 
adaptive management planning process needs to set 
goals for local governments and local governments 
need to create policies to achieve these goals.  As 
long as these targets are met, no changes need be 
made in the local management strategy.  If goals 
are not met, then management modifications need 
to be made to achieve the goals.  This could include 
eliminating residential rain barrel use, promoting 
increased use, or any other chosen strategy that 
will achieve the required results. 

Constitutionality 

One question remains. Is this proposal 
constitutional or is it a taking of property without 
just compensation?  I believe the dominant water 
estate as a public right is constitutional.  I base this 
on three lines of reasoning: 

State ownership of water or public trust 
rights, 
The nature of water rights in comparison with 
land rights in regulatory takings, and 
The conversion of riparian rights to permit 
rights without constitutional problems.  

State ownership claims or claims of ownership 
in trust for its citizens provide a starting point for 
discussion.  Most western states retain some kind 
of interest in “public” water even when they issue 
a private permit to use it.  This interest allows them 
to establish water rights that are contingent.  Water 
must be used beneficially and non-wastefully 
or there is no right. The use of water can also 
be regulated to protect the public trust/interest.  

1.

2.

3.

Regulations can define beneficial use and waste in 
order to achieve goals set by a planning process.  
Other police power regulations can also affect the 
way water is used. This continuing state interest 
is also seen in court cases interpreting the public 
interest when there is a perfected state water right.  
The best example is Mono Lake (National Audubon 
Soc’y v. Superior Ct. 1983).  In this case the City 
of Los Angeles had valid water rights that were 
modified to protect public trust interests to use 
water in place.  In California private parties cannot 
obtain a water right that will harm the public trust 
interest. California also conditions water rights to 
protect fisheries (U. S. v. State Water Resource 
Control Bd. 1986).  

This brings us to the issue of regulatory takings 
where court decisions are mixed in trying to 
separate unconstitutional taking from legitimate 
regulations.  Conflicts between endangered species 
and water rights have generated considerable 
discussion. The arguments on both sides of this 
issue are too lengthy to summarize here, but some 
good sources are Benson (1997), Gray (2002), and 
Zellmer and Harder (2008). One way to approach 
the topic is to look at the differences between land 
rights and water rights.  Water is not “special” in a 
way that makes property rights in water somehow 
better than property rights in land.   If land can be 
regulated, water can be.  In addition, states have a 
greater interest in water than they do land.  They 
claim either an ownership or trust relationship 
with it.  Wouldn’t that in itself give states a right 
to regulate as the Federal government does with 
Federal land?  If a transfer is proposed, states are 
required to evaluate if the transfer is in the public 
interest.  If not the transfer is disapproved.  Doesn’t 
this show the public’s continuing interest in water?  
No such approval is required when private land is 
transferred. Water rights are also contingent and 
subject to loss under many circumstances (wasteful 
use, forfeiture for non-use, and etc. as discussed 
above).  Land rights are not subject to these same 
threats to an owner’s security of title.  

The third line of reasoning comes from the 
extinguishment of riparian water rights.  Riparian 
rights are considered a property right like 
appropriation doctrine rights.  Arguably these 
rights are “better” private rights because there is 
no continuing state interest in them.  Yet they have 
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been extinguished and replaced in most western 
states and many places in the East. California, 
Nebraska, and Oklahoma have minor exceptions 
(Allison 1994).  The permits being required under 
the doctrine of regulated riparianism changes the 
very nature of the private riparian right.

Implementing the dominant water estate 
as suggested here would face a constitutional 
challenge. I believe that the state’s continuing 
interest in the way water is used and their use of 
the police power regulations could defeat such a 
challenge.

Concluding Thoughts
Creating a dominant estate in water is not without 

problems.  A system of rights in the entire hydrologic 
cycle will inevitably interfere with traditional land 
uses.  This is the reason the water right must be 
considered dominant.  The dominant estate must 
also take into account the mobile nature of water 
in defining the rights.  Accommodation must be 
made for small interferences within the hydrologic 
cycle to minimize management problems.  
Additionally, because the science needed to predict 
the impacts of change has a degree of uncertainty, 
what is needed is a system of simplified rules and 
flexibility.  The dominant estate concept simplifies 
the rules especially when these rules are used to 
define private rights.  On the other hand, flexibility 
is needed to achieve public interest goals and to 
accommodate scientific uncertainty.  Flexibility is 
achieved by the adaptive management process.  If 
monitoring indicates, rules can be changed to meet 
unmet public interest goals.
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