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Abstract: Water management issues continue to plague the western United States, 

including rapid population growth, degraded aquatic ecosystems, unfulfilled claims to 

American Indian users, the threat of global warming, an economic recession, and many 

other issues. This essay outlines some advantages of market-driven reforms to the 

management of water resources in the western USA. Historical and contemporary western 

water resource issues are examined from economic, environmental, and social viewpoints. 

In all such contexts, it is argued that regulated water markets provide flexible and just 

solutions to western water dilemmas, and reallocations may provide much-needed additional 

water supply. 
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Introduction 

It is increasingly recognized that international competition for water resources may lead to conflict 

[1,2], particularly where resources are diminishing. A microcosm of the international situation occurs 

in the United States, where conflicts over water resources in eastern states have become more 

numerous in recent decades [3,4]; in western states water disputes have been more commonplace [5-8]. 

It was recognized early on that the arid conditions that affect much of the western USA would limit 

widespread development [9] and precluded western regions from adopting the riparian water law 
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system used in eastern states. However, the strict seniority principle that was adopted to govern water 

law in the West, the prior appropriation doctrine (described in detail below), remains problematic 

because it does not consider societal values of different market uses of water, sets up barriers to water 

transfers, ignores the legal owners of the water (the federal and state governments), ignores the non-

market players (such as environmental and aesthetic concerns), and disadvantages or poorly represents 

impoverished communities [10]. It is suggested herein that market-driven solutions to these problems 

may be incorporated into the existing appropriation scheme and may be best-suited to resolve difficult 

and complex western water allocation issues. 

Economics 

Many authors have claimed that, rather than water being scarce in western states, water allocation is 

inefficient [11-14]. As with the development of many resources in the American west, the economic 

allocation system for water is rooted in a history of extraction and expansion. The prior appropriation 

doctrine has its roots in the mining of gold in both California and Colorado. Miners anxious to claim 

ownership to a given gold location used the system of “first in time, first in right”, meaning that 

seniority ruled and that the right is indefinite in time but may be lost from inactivity [15]. Several 

factors combined to cause these mining communities to adopt the prior appropriation theme for water 

as well. First, the water was needed far from the streams in which it flowed in order to extract the gold. 

The density of surface water in the west was far inferior to that of the east, where the riparian doctrine 

rules water policy, so actual riparians were fewer in number and would have had the capability to 

dominate water use. Additionally, the vast majority of lands in the west were publicly, not privately, 

owned. This lack of land ownership precluded the ability of a water user to be a legitimate riparian and 

necessitated an alternate system. Miners therefore adopted the prior appropriation system for water use 

in California, thereby formalizing the seniority system for water allocation. 

In 1853, the California Supreme Court ruled in Irwin v. Philips that the senior could divert water 

even to the detriment of a downstream riparian. In his decision, Justice Heydenfeldt invoked the logic 

that the prior appropriation system was already being used and working, and that “costly artificial 

works” had been constructed in the context of this seniority-based system. Later, the Colorado 

Supreme Court case of Coffin v. Left Hand Ditch Company (1882) confirmed that the practice of prior 

appropriation would adhere to the strict seniority system in that state and elsewhere. 

Throughout the West, in a region with insecure water availability, early farmers and other settlers 

recognized the security of the prior appropriation scheme and adopted it. Land developers knew that 

land far-removed from streams would be worthless under riparian ideals, so they backed the 

appropriation system to promote development and profits. Finally, it was recognized by western states 

that the prior appropriation system allowed the states to control water allocation, even where the land 

was federally-owned [16]. 

The prior appropriation system can be summarized as follows: the user that first demonstrates intent 

to put the water to a beneficial use (traditionally through a diversion) claims priority to the necessary 

amount of water. Beneficial use is granted for those uses of water requiring a diversion, such as 

domestic, agricultural, mining, industrial, and municipal water withdrawals. In some cases in-stream 

use have been considered beneficial; historically these have been limited to hydropower and 
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navigation, though in recent decades this has expanded to sometimes also include recreation, 

aesthetics, and ecosystem protection. The claim is specified to a given diversion amount and 

adjudicated through a hierarchical enforcement system of ditch runners to state engineers [15].  

Not considered, however, by the seniority system are the market values of a given activity, such as 

economic efficiency. The only conditions to absolute claims to water in the west by a senior are a 

prohibition against excessive waste and a requirement for continual use. A number of authors [e.g. 

17,18] claim that this is an outdated system. In general, there have been no initiatives to grant priority 

to certain uses over others- the system simply awards those who claimed the water first. Moreover, 

under the prior appropriation system, and unlike most other resources, water is claimed as permanent 

property once it is put to use- without payment to state or federal governments [16,19,20]. Today there 

is considerable inertia in the current system as those who have benefited historically (large-scale 

private agricultural and industrial water interests, construction and labor organizations, western 

policymakers, etc.) seek to maintain the status quo [21,22]. Wilkinson [23] suggests that the power 

structure in western water affairs includes water development interests and state agencies, federal 

water development organizations (such as the U.S. Bureau of Reclamation and the U.S. Army Corps of 

Engineers), and key congressional members of related subcommittees that combine forces to maintain 

a system of outside funding (e.g. tax dollars) and internal control. 

Increasingly, both economic and environmental reformers have been calling for relaxed restrictions 

on water transfers in order to move water use from inefficient to more efficient applications [24,20]. 

Davis [14] points out that water transfers from agricultural to urban uses moves the water from a 

system of heavy subsidies and low market prices to that of high willingness and ability to pay of urban 

water users. Agricultural water use (around 90 percent of the water used in the West) is often 

inefficient due to excessive runoff and seepage, evaporation, and transpiration from phreatophytes 

[23]. A transfer to urban uses, therefore, is likely to both reduce water waste and meet necessary 

demands [25]. Brajer and Martin [13] point out that, as with any resource priced below its value, 

excess demand is created by the low price of water (from governmental subsidies and a lack of leasing 

charges), thereby compounding the mentality that the resource is “scarce”. They argue that the 

historical response to water shortage has been through continual supply development, and demand 

management, such as allocation reform and efficiency in use, have been largely ignored.  

Because of the diverse needs for water as a resource, it is uniquely appropriate for redistribution 

through markets. As prices rise to meet actual costs of delivery and market values, use will decrease 

amongst inefficient sectors [13,19,20]. Also, a competitive water market would promote efficiency by 

reducing the differences in risk between senior and junior water users [11]. Seniors bear less risk 

because their investments in water use are less threatened by the temporal variability in water 

availability. Certainty to water availability is critical to development in the west. Insofar as the current 

system hampers the ability of users to transfer or loan water to higher economic uses, the current 

system does not provide adequate security for junior users.  

Wescoat [26] points out that efficiency is also made difficult by the working definition of 

“beneficial use”. In principle, the definition of beneficial use is based on the amount of water that is 

reasonable and appropriate (which ought to include local environmental factors). However, in practice, 

beneficial use is defined by the legal concept of injury, meaning that a use is efficient insofar as it does 

not injure downstream seniors through excessive waste. Interestingly, some recent signs indicate that 
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the U.S. Department of the Interior is taking a more critical view of wasteful use of water in the West. 

For example, Imperial Irrigation District water users recently saw their allotment of water decrease by 

approximately 276,000 acre-feet- roughly the amount that the Interior Department declared they were 

wasting through their antiquated distribution systems [27]. 

Another problem arises from ambiguities in the definitions to water rights. For example, is the right 

a right to the amount of water diverted or actually consumed? According to Anderson and Leal [28], 

market incentives would arise to promote more efficient water use if these aspects of the market were 

more clearly defined, both for the potential seller and buyer in the market transfer. Others [22] claim 

that a lack of public review or modification process allows inefficiency to continue. Indeed there is 

evidence from some western states (e.g. Montana) that public review of water use can increase its 

efficient allocation [29,30].  

A common thread to these problems is economic inefficiency. Economic inefficiencies arise 

because externalities (such as downstream users and recreational benefits) are ignored [31], and there 

is an unequal enforcement of existing allocation standards [28]. These inefficiencies may possibly be 

alleviated from a stricter adherence to beneficial use standards, public review, and long-term leasing 

(as opposed to permanent allotment) of water rights with possibilities for extensions at the end of the 

leasing period [22,32]. The more common solution proposed, however, is that of a relaxation of market 

transfer restrictions to allow the ready movement of water from less to more efficient and 

economically worthy applications. For example, farmers receiving water from U.S. Bureau of 

Reclamation projects might be allowed to sell at least a portion of that water for profit [33]. Water 

transfers tend to be rather costly, time-consuming, and legally complicated, a certain disincentive for 

many. A less-regulated, faster, market-driven water transfer system would benefit western economies 

and would likely reduce water use [20].  

Environment  

Given that the water law system in the USA West focuses exclusively on seniority, it tends to 

ignore water users that are not represented by the prior appropriation scheme, such as environmental 

uses of water. In many locations, degradation of aquatic ecosystems has resulted from an inadequate 

representation of water interests on the behalf of water flora and fauna, and a neglected need to 

preserve water quality in a system that address water quantity only. At times, disinterest in 

environmental needs has been explicit. By fully appropriating the river (and misinterpreting the long-

term flow levels), the Colorado River Compact of 1922 and its subsequent reforms ignored the needs 

of fish species and aquatic ecosystems, and deliberately resisted addressing the salinity of water 

delivered to Mexico, instead focusing only on water quantity [7,18]. These issues were eventually 

addressed when the pumping of highly saline water into the river just north of the US-Mexico border 

coincided with reduced Colorado River flows from upstream due to the filling of Lake Powell, causing 

the water reaching Mexico to be extremely saline and essentially unusable. With few exceptions, such 

as the Sierra Club’s fight against dams in the Hetch-Hetchy Valley and Echo Park, the environmental 

effects of water use in the west had not been addressed until the reforms of the 1960s and 70s. Since 

then, the Wild and Scenic Rivers Act (1968), Endangered Species Act (1973), National Environmental 

Policy Act (1970), the Clean Water Act (1972), and many other pieces of legislation have greatly 
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hindered the continual development of water supply in the west and have increased public awareness 

and involvement in water-related decision-making [23]. The impacts of these acts of legislation have 

made it increasingly apparent that private water rights are not absolute, but rather are subject to state or 

federal authority [34]. Environmental protections are now increasingly afforded through in-stream 

flow programs, wetlands protections, and basin-of-origin protections. In the 1980s, environmental 

groups claimed victories as both Los Angeles and Denver were affected by regulations that limited 

potential impacts of water supply structures; reduced withdrawals were mandated for California’s 

Mono Lake, and Denver was unable to construct the proposed Two Forks Dam- both cases cited 

ecological concerns [35].  

As most of the environmental reforms have come at the federal level, an issue which continues to 

show up around environmental protection is that of state versus federal control. The 1982 U.S. 

Supreme Court case Sporhase v. Nebraska reminded western states of the federal power to regulate 

commerce, and in turn, require certain amounts of water to be delivered to downstream states. 

Moreover, the Federal government, not western states, has the ultimate control over all public resource 

ownership, including western water. These Federal rights to western water are often difficult to 

incorporate into the states’ prior appropriation allocation systems because the exact appropriation 

amount may be poorly quantified, the uses of the water may not be considered beneficial according to 

state standards, the rights may be asserted at unknown dates, and the rights do not require continued 

use or due diligence [29]. Tarlock [36] states that deference to state water law systems, where it exists, 

is merely a matter of federal policy not to preempt state law and is not a waiver of congressional 

constitutional power. Still, the impression that states own the water that flows within their boundaries 

is pervasive- though such impressions are ultimately being proven incorrect by the enforcement of 

environmental legislation.  

Specifically, environmental legislation and in-stream flow programs create de facto regulatory 

water rights [36]. Whereas environmental legislation rights are typically much stronger as they tend to 

sidestep the appropriation system completely (such as requiring flow levels needed to protect 

endangered species, irrespective of senior water users’ demands), in-stream flows are generally 

incorporated into the seniority system. Thus, in-stream protections are generally weaker unless they 

are granted rather senior priority dates, such as with allocations to Indian Reservations and early-

established national parks. In-stream flows generated today by public or private organizations obtain 

contemporary priority dates and therefore generally serve to preserve the status quo, which in some 

cases is inadequate protection for aquatic ecosystems.  

Some environmental advocates have suggested that free-market water transfers threaten 

environmental protections. The claim is that a strict market system would undermine environmental 

restrictions by allowing excessive water to be transferred from one location to another; this also would 

have social ramifications (see next section). Wescoat [37] describes a coalition of environmental, 

urban, and rural groups pitted against growing suburban water interests in a fight against water 

transfers from Colorado’s west slope. Many fear that private capital interests will continue to dominate 

water use to the detriment of rural communities and ecosystems [21,37]. On the other hand, Colby [31] 

argues that in-stream flow rights incorporated into the water market can afford earlier priority dates, 

and thus greater protection, to environmental interests while at the same time moving water from 

inefficient to more efficient uses. As an example, the state of Oregon has enacted legislation that 
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allows farmers to sell conserved water. This is encouraging and should become the norm in western 

states. Conserved water may also be added to the water allocation system by creating water banks 

wherein participating farmers could lease water for environmental purposes [33]. Thus, environmental 

goals may be obtained largely from market-driven forces, themselves rooted in a western economy 

increasingly centered on recreation and tourist dollars [31,38]. Recreation-based claims to water in 

western rivers (which concurrently benefit stream environments) typically seek maintenance of fairly 

minimal flow levels and have negligible consumptive uses [39]. Full acceptance of the recreation 

potential in western economies would therefore seem to promote the mutual goals of economic 

development and environmental protection. A greater incorporation of in-stream flow rights into the 

water rights market would certainly serve to meet these ends.  

Societies 

In addition to the recognition that some water must remain within streams to preserve aquatic 

communities, westerners are increasingly in favor of regulations that maintain that water should 

generally remain within the same watershed for the benefit of local societies. This is essentially a 

riparian-based idea applied to western water [10,30] insofar as the strict Colorado Doctrine application 

of the prior appropriation has, since Coffin v. Left Hand Ditch Company (1882), explicitly denied 

basin-of-origin protections [15]. Famous out-of-basin transfers, such as the diversion of surface waters 

draining Owens Valley in California to facilitate Los Angeles metropolitan area development [7,40], 

have heightened interests on behalf of the original basin’s users to keep the water, and its economic 

security, in place.  

Farmers tend to view water as their ultimate marketable commodity. The removal of substantial 

amounts of water from a given basin threatens rural communities- especially where small to mid-sized 

family farming operations predominate [12]. Key threats stem from a reduced ability for future water 

development within the community, loss of open space for urban expansion, loss of a critical mass 

within the farming community as grain, equipment, and other dealers and local banks go out of 

business, reduced interest in local welfare due to increased amounts of land owned by outside interests, 

and the influx of weeds from proximal retired farmlands [41]. Wescoat et al. [42] describe a loss of 

“community values” in addition to these “commodity values” that include emotional and symbolic 

value, participation and local control, and collective decision-making. Moreover, often ignored in 

water transfer economics or equity concerns are those who work on the retiring lands- they gain 

nothing from the transfer.  

Some authors argue for increased public involvement in water transfers to protect rural interests 

[30]. Tarlock [10] cites a case in northern New Mexico where the “public interest” was used to keep a 

water transfer from threatening a local community on historical, cultural preservation grounds. A 

solution in this case might be to require that a substantial portion of profits gained from the transferred 

water be returned to the original basin [12] or that a portion of the basin-of-origin’s right be preserved 

[24]. This would help alleviate the fact that, for subsistence and small farms, the price of water is 

somewhat inelastic insofar as that a minimum amount is required for production. Another potential 

solution would be to allow basins to recapture water that has been transferred after some allotted 

amount of time. However, the strongest protection of social equity that can be afforded to rural 
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communities may come from increased efficiency in water use in those areas [17]. Efficient water use 

will reduce costs, augment the local economy, and strengthen water rights claims. Western states 

should seek to facilitate the move towards efficiency on these grounds and for their own economic 

security. 

Equity is not limited to basin-of-origin water claims, however. A lengthy literature exists describing 

the history of neglect of American Indian reservation claims. Deloria [43] asserts that these issues 

remain unresolved because of the following paradox: full recognition of Indian rights has been a 

historical impossibility, and yet full denial is morally infeasible. The solution, according to [43], has 

been to narrow the rights as much as possible while concurrently stalling negotiations until such point 

whereupon water development costs become insurmountable. Whatever the reason, Indian reservation 

claims remain one of the biggest unresolved issues in western water management. 

Reservation claims to western water stem from the U.S. Supreme Court ruling in Winters v. United 

States (1908). The case grew from a conflict along the Milk River in northern Montana between the 

Fort Belknap Indian Reservation, which was established within the basin in 1888, and downstream 

water users such as Henry Winters, who began legally diverting water around 1905 for agricultural 

purposes. Winters and other downstream users appropriated much of the water in the basin, leaving 

little remaining water for the upstream reservation to appropriate within the seniority system. 

Regardless, the reservation’s occupants began diverting water for irrigation, thereby reducing flows to 

the downstream off-reservation users [39]. The Court ruled in favor of the reservation because it was 

decided that the federal government had intended to reserve water rights for reservation use when the 

reservation was first established. It had been explicit government policy to make the Indians pastoral 

and economically self-sufficient. According to Pisani [44], this met the goals of eliminating them as a 

security threat, reducing the cost of feeding them, and teaching the Indians about western virtues and 

civilization. The use of reservations was also favored because moving the Indians to marginal lands 

would free up more, and typically better, land for homesteaders [33]. Whatever the rationale, the Court 

deemed that the stated goal of making the Indians pastoral and economically self-sufficient implicitly 

required some water to be reserved for agricultural purposes on the reservation. Importantly, the date 

of the implicit water right equaled the date of the relevant treaty that set up the reservation. This ruling 

gave the Fort Belknap Indians an 1888 priority date, making them the seniors to the downstream users. 

Interestingly, in more recent times the Federal government has used the same logic to assert a reserved 

right to water on USA public lands (e.g. military bases, national parks, monuments, and forests, and 

wilderness areas), maintaining that a certain amount of water was implicitly granted to the given piece 

of land when it was established as federal property; this practice was upheld by the 1963 U.S. Supreme 

Court decision in Arizona v. California [39,34,15].  

Suggested water management solutions [e.g. 45,46] all seem to agree that resolution of Indian 

reservation claims is of utmost importance but none really describe in detail how that may proceed. 

Until the reservation’s economy is recognized as part of the larger state economy [43], the settlement 

of these claims and the equity issues involved seems unlikely. Equity may be greatly improved by 

allowing reservations to transfer water rights to downstream users, even if such users are in other 

states, thereby increasing the resource capital on the reservation, moving water to a higher economic 

value, and allowing Indians to turn paper claims to water to “wet claims”. However, the legality of 

such transfers remains unclear [33,44].  
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Concluding remarks 

Economic, social, and environmental problems related to the allocation of water in the western 

USA are presented above with a common thematic solution: relaxation of water transfers from a 

market perspective, while at the same time enacting public interest legislation to protect equity and 

environmental quality in basins-of-origin. Responsible water trading may be promoted by: (1) 

incorporation of public review; (2) simplification of water transfer protocols and legal systems to ease 

trading, reduce costs, and increase flexibility; (3) incorporating expiration dates for traded water; (4) 

the use of water banks- particularly for water trades across state lines; (5) requiring that a useable 

portion of the water remain associated with its previous use; and (6) including externalities in the 

pricing of water. Such changes are necessary in a system that is, at least legally, indifferent to all 

considerations except priority. Bates et al. [16] state: “Laws in other areas – civil rights, due process, 

torts, free speech- tend to reflect basic ideas of right and wrong. Not so in water law. Beyond the 

simple appeal of first-come, first-served, the prior appropriation doctrine is not tied to any widely held 

principles.” The market solutions presented above allow for both the continuation of the prior 

appropriation system and the economic security of reform instead of revolution in policy decision-

making, while also considering those elements of society and the environment that would otherwise be 

ignored in a strict seniority system. Water has been historically under-priced and under-valued by USA 

and global pricing [47-49,20]. As current allocation schemes may become increasingly challenged by 

changes in runoff timing and diminished overall flows related to global climate change [50-53], 

market-driven solutions afford much-need flexibility in the management of this precious resource [54-

56]. Model predictions of coincident population increases and future water shortages in the western 

USA underscore the need to embrace voluntary [57,58], socially-just [59], and institutionalized [60] 

water marketing schemes.  

Arguments against water marketing include the potential for monopolization of resources [61] and 

wealth [62], the exclusion of non-market players (such as ecological resources) in water’s economic 

valuation, resulting in potential environmental degradation [63], and the general sense that water is a 

public good and should not be subjected to economic forces [49,64]. Evidence from California [65] 

suggests that real estate development may be limited when water rights are transferred. Some rural 

areas of the West have passed regulation to reduce the transferability of water rights due, mainly, to 

concerns related to the long-term economic health of source regions of water trades and fears that the 

loss of agricultural productivity will lead to increased levels of unemployment and other social issues 

[66]. Popular accounts of local resistance to water transfers [7,67] generally depict such transactions 

negatively- particularly as related to the perceived loss of long-term economic viability in the source 

region and to market inequalities; some suggest that such inequities doom the viability of water 

markets as a solution to the water allocation dilemmas facing western states [68]. 

When adequately regulated, however, adapted to minimize trading obstacles [69], and adjusted 

according to regional constraints [63,70], water (and other resource) trading has generally resulted in 

improved market stability and efficiency [71]. Case studies and empirical models of water 

management in the American West generally highlight the potential successes of equitable water 

markets [72-75]- particularly when coupled with sound oversight, conjunctive management of surface 

water and groundwater, and adequate basin-of-origin protections [76,77]. Negative social and 
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hydrological impacts associated with water trades may be short-lived [69]. Aquatic ecosystems may 

benefit from water markets when in-stream rights are purchased to satisfy environmental regulations or 

societal interests [66,78]. Farmers in water-depleted regions may switch to low water demand crops or 

more efficient water-delivery methods [69]. While the complex water allocation issues facing the 

western USA may not solved from singular prescriptions [70], well-designed water markets may 

provide a useful means to efficiently and equitably distribute this important resource [79]; if so, 

evidence for increasing numbers of water trades in recent years [80] is encouraging.  
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