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Abstract 
 
 
 

This dissertation explores why water conservation occurs in agriculture in the Western 
U.S. under prior appropriation governing institutions and leads to changes in water usage 
patterns. The prior appropriation doctrine has long been criticized for failing to incentivize water 
conservation and efficiency in the application and allocation of water. Some states have 
attempted to correct this misfit between prior appropriation institutions and present needs for 
flexibility in water management by enacting conserved water statutes to further define and 
protect the water rights of those who implement conservation measures. However, an apparent 
side effect of one common form of water conservation, using more efficient irrigation 
technologies and techniques, is increased consumptive use of water in irrigated agriculture—
what is referred to as the irrigation efficiency paradox (Grafton et al. 2018). I suggest that the 
“irrigation efficiency paradox” is not an unexpected result, especially in states with conserved 
water statutes, as increases in consumptive usage should be expected when property rights to 
water exist.  

I explore and analyze the motivations for enacting conserved water statutes, 
demonstrating that the lack of institutional incentives, the involvement of multiple types of 
stakeholders, and the degree of problem severity were critical factors in motivating consideration 
and adoption of a statute. I provide a direct empirical test of the effects of conserved water 
statutes on agricultural water usage, finding that conserved water statutes are associated in some 
cases with higher usage of efficient irrigation technology, but the statutes more often appear to 
have a negative effect on consumptive water usage, contrary to expectations from the irrigation 
efficiency paradox. I also analyze the role of conserved water statutes in encouraging 
conservation through participation in environmental water transactions, showing that while the 
financial incentives offered by the transactions was more likely to encourage participation, 
conserved water statutes did not make these effects more likely or contribute to water 
conservation and allocation goals. The overall findings of this dissertation indicate that 
conserved water statutes are likely not very effective or appropriate for incentivizing water 
conservation in agriculture, especially when the goals of policymakers and stakeholders are to 
increase allocative efficiency in water management, rather than simply increase technical 
efficiency for individual water users. This dissertation contributes to the literature on water 
management and common pool resource governance by offering a comprehensive examination 
of conserved water statutes and the impacts of the institutional incentive structure for water 
usage and conservation in irrigated agriculture in the West.  
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Chapter 1: Introduction, literature, and theory 
 
 
 
1.1 Introduction 
 
 Water has always been a precious resource, especially in the American West, but it will 
become more valuable in the 21st century in the face of growing demand and stress, including 
population and economic growth and the impacts from climate change. Communities and 
industries that depend on water in this region will have to adapt their usage and management 
plans to the changing circumstances, including through conservation measures and reallocations 
of water. Governance strategies will also have to adapt, as will individual users. However, the 
existing institutional arrangements, especially the prior appropriation system of allocating water, 
are not necessarily best suited for water allocation in the face of rapid and continuous change. As 
it stands, prior appropriation makes changes in water allocation, such as market transactions, 
slow and costly. Conservation is also not incentivized through this institutional structure because 
of the costs of infrastructure and lack of legal protections securing the water that is conserved. 
Agricultural uses of water offer large potential for improvement since about 80 percent of water 
rights in the Western U.S. are attached to agriculture (Libecap 2011). However, data on irrigation 
water use in 12 Western U.S.1  states (USGS 2018) and numerous studies (Brinegar and Ward 
2009; Dagnino and Ward 2012; Pfeiffer and Lin 2014; Ward 2014; Ward and Pulido-Velazquez 
2008) indicate that water conservation is happening in the form of increased technical efficiency 
in irrigation. It also has the apparent side effect of increasing consumptive use of water in 
irrigated agriculture—the so-called “irrigation efficiency paradox” (Grafton et al. 2018). This 
inspires the question this dissertation will explore: given the lack of incentives and constraints on 
conservation in areas governed by prior appropriation institutions, why does surface water 
conservation occur in agriculture in the Western U.S. and result in unexpected patterns of water 
usage?  
 Briefly, I propose to answer this question by examining the role of clarifying property 
rights in incentivizing users to conserve and change water usage patterns in surface water. I 
suggest that the “irrigation efficiency paradox” is not truly a paradox, as we should expect 
increases in consumptive usage when property rights to water exist. I also suggest that 
institutional protections of water as a property right can incentivize conservation. Finally, I will 
argue that one way to reduce water consumption in agriculture is to change the incentive 
structure for water usage, such as through payments to irrigators in the form of environmental 
water transactions.  

In this chapter, I will first provide an overview of the empirical setting by explaining the 
history of prior appropriation, its institutional setup, and its current implications for irrigation 
and water conservation, followed by a review of the legal and economic literature on water 
conservation in agriculture, and I will conclude with the development of theory building off of 
these literatures. Chapter 2 explores the motivations for proposing and enacting a conserved 
water statute. Chapter 3 tests the effect of conserved water statutes on water conservation and 

 
1 The 12 states are: Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Texas, Utah, 
Washington, and Wyoming.  
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water usage, including the irrigation efficiency paradox. Chapter 4 analyzes the role of conserved 
water statutes in the effectiveness of environmental water transactions programs to reallocate 
water to the environment. Finally, Chapter 5 concludes with final thoughts on the role of 
conserved water statutes as a policy tool for water management goals.  

 
1.2 Empirical setting and literature review: Water in the West, prior appropriation, and 
conservation 
 
Historical and legal setting 
 

Water rights in much of the West are governed by the prior appropriation doctrine, where 
water rights are generally based on the "first in time, first in right" principle (Getches, Zellmer, 
and Amos 2015). Unlike riparian rights, water rights under prior appropriation are generally 
separate from land ownership. Water “rights” are not legal property rights in the same sense as 
land ownership; states are the legal owners of the water, and “a water right only authorizes 
diversion and use of water in compliance with law” (MacDonnell 2015, p. 294). The first user to 
put the water to beneficial use (e.g. domestic, municipal, irrigation, recreation uses, etc. as 
defined by the state) has the senior right and priority over junior users; beneficial use and priority 
are the two key components of the doctrine (Benson 2012; MacDonnell 2015). In times of low 
flow or drought, the senior user may exercise their right prior to the junior user, even if that 
results in the junior user getting no water. Any residual (leftover) flows are left instream until 
they are claimed by another user or set aside for instream flow purposes. Users that do not put 
their water to beneficial use for a certain number of years as defined by the state, which in many 
cases includes using the full allotment of a water right, may be subject to abandonment or 
forfeiture in some states ("use it or lose it") (Getches, Zellmer, and Amos 2015)2. This doctrine 
applies most often to surface water, with rare applications to groundwater. I will be focusing 
mostly on surface water in the context of prior appropriation in this discussion and dissertation. 

These components of the doctrine were used by the federal government to encourage 
development and support economic growth in the West (MacDonnell 2015). Claiming first 
beneficial use incentivized settlers to divert water quickly, with most Western rivers becoming 
almost fully appropriated or more during growing seasons by the early twentieth century 
(Benson 2012). Priority was also necessary for encouraging growth, as it provided security to 
users to protect investments, build means of diversion and delivery, and ensure consistency and 
reliability of supply (MacDonnell 2015). Because the prior appropriation system was developed 
around goals intended to promote water usage, wasteful usage was not just taking water out and 
using it in a non-beneficial way, waste also included not using the water, or leaving it in the 
stream (Benson 2012; MacDonnell 2015). This encouragement to use water paired with plentiful 
land and federal government incentives to farm the land (such as the Homestead Act) led to the 
rise of irrigated agriculture in the arid West (Reisner 1986). 

Like many areas in the world reliant on irrigation for agriculture, farmers in the West 
faced a dilemma in building and maintaining the infrastructure necessary to divert surface 
water—how to collectively pool their resources to manage and deliver water (Cody 2018; Lam 
1996; Perez, Janssen, and Anderies 2016; Villamayor-Tomas 2018). Various forms of irrigation 
organizations sprung up in the West as a result of collective action among irrigators, such as 
private non-profit associations, private companies, and public irrigation districts (Bretsen and 

 
2 This is not necessarily strictly enforced. See discussion on page 13 and in Tarlock (2001). 
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Hill 2006; Libecap 2011). Water rights ownership varies regardless of type of organization, with 
some holding the rights at the group level, individuals retain their own water rights in some, and 
others use some combination of these two options. These organizations enable collective efforts 
to construct and maintain water delivery infrastructure and this is often the sole purpose for those 
organizations where individual irrigators own the water rights. Private irrigation groups were 
more prevalent in the late nineteenth century, with irrigation districts rising in prominence in the 
early twentieth century as a result of legislation passed by Congress in the 1920s allowing only 
irrigation districts to benefit from generous repayment terms on projects and exclusive access to 
water from the Bureau of Reclamation, along with the benefits of being a political subdivision 
with powers of eminent domain and taxation (Bretsen and Hill 2006; Libecap 2011). Many 
irrigators, but not all, are members of an irrigation organization or live within an irrigation 
district.  

Water rights transfers are a common form of water reallocation in the West, and 
irrigation organizations have the potential to facilitate water transfers within their group with 
lower transaction costs. Generally, a water rights transfer involves an application, a fee, an 
evaluation of adverse effects, publication of a public notice, and a decision by the state engineer 
or other governing agency (Getches, Zellmer, and Amos 2015; Howe and Goemans 2003). As a 
result, these processes incur high transaction costs to users and take time to thoroughly evaluate 
potential effects on other users (third-party effects) and quantify the consumptive use of the right 
(Garrick 2015; Getches, Zellmer, and Amos 2015; Noroian 2011). However, irrigation 
organizations may better facilitate transactions due to the nature of internal, closed markets 
where the potential for adverse effects on third parties is greatly reduced (Libecap 2011; Taggart 
2016; Thompson 1993). This is especially true when the irrigation organization owns the water 
rights and irrigators may only obtain shares of the collective water rights; since the shares are not 
property rights, they only need to be approved through the process established by that irrigation 
organization, as seen in the Northern Colorado Water Conservancy District on the Colorado Big-
Thompson Project (Thompson 1993). Implementing the same institutional arrangement for water 
transfers at the state level appears attractive, but it would create great difficulty in having to be 
separated by river basin, time of use, and other relevant characteristics (Thompson 1993). I focus 
on the level of the individual irrigator in analyzing water conservation for this reason, and 
because prior appropriation laws are usually directed towards individual appropriators. 

 
Water conservation in agriculture under prior appropriation 
 
 Climate change and population growth have put pressure on the prior appropriation 
system, exposing areas of the doctrine that are inflexible and not appropriate for changing 
circumstances. The idea of seniority has long been criticized as being inefficient in times of 
shortage, as opposed to equal reductions for everyone, and therefore small losses for everyone 
rather than juniors losing all water and productivity (Thompson 1993). The prior appropriation 
doctrine has also been criticized for economic failings, lack of respect for other governments, 
excluding policy objectives, bad science (including lack of integration of surface and ground 
water), appropriators not paying the public for claiming water, accounting for needs of wildlife, 
considering the effects on water quality, and excluding water conservation (MacDonnell 2015; 
Wilkinson 1989). I will focus on explaining the conservation issues in agriculture in the 
following paragraphs. However, I will first note that many of these issues stem from prior 
appropriation being more of an allocative mechanism, rather than a management mechanism 
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(MacDonnell 2015; Tarlock 2001). The rules of prior appropriation worked well in the 
settlement of the West for determining how water rights were claimed and formalizing their 
existence, but now that nearly all water in the West has been appropriated, water use needs to be 
managed, for which the rules of prior appropriation are not well suited, especially as conditions 
and demands change.  
 Scholars and practitioners have pushed for water conservation in agriculture, often with 
the goal of reducing water consumption. This goal is necessary because of changes in demand 
and climate. Water demand in the West has increased over time, and it is projected to increase 
due to increasing population in the West and the services and products demanded by this 
increased population and populations around the world (Grafton et al. 2012, 2017, 2018; 
Schempp 2009). This problem is not limited to the Western U.S.—it is predicted that there may 
not be adequate water supplies to produce enough food across the globe by 2050 if there is no 
change in current management conditions (Grafton et al. 2017). The impacts of climate change 
are expected to further aggravate these stresses in the West, with decreases in precipitation, 
changes in the timing and intensity of precipitation, decreasing snowpack, and an earlier spring 
runoff (Cai et al. 2015; Dettinger et al. 2015). Changes in the timing of annual precipitation and 
snowmelt may result in excess water in the spring, which will be good for junior users, but very 
little water in the hottest, driest parts of summer—impacting even the most senior of rights 
(Dettinger et al. 2015). Climate change alone is also expected to increase water demand (due to 
hotter, dryer conditions) by 42-82% by 2090 depending on the emissions scenario, compared to 
just 3% without climate change, taking into account population and socioeconomic projections 
(Dettinger et al. 2015). To make matters worse, many rivers in the West, such as the Colorado, 
are already overdrafted, affecting the availability of future supplies (Schempp 2009). Water users 
will likely have to make do with less water, necessitating higher efficiency in water applications. 
Increasing demand, and increased consumption, will be difficult to accommodate under current 
conditions, let alone under the changes brought on by climate change. Additionally, reductions in 
usage are necessary to continue to allow water to remain instream. Water conservation in 
agriculture appears to offer relief, but further examination of the issue may reveal that is not the 
case.  

Changing conditions and demands have increased water scarcity and the need for 
conservation of water resources. However, prior appropriation and the associated water 
governance system does not incentivize conservation in agriculture, and conservation is excluded 
from the prior appropriation doctrine, in terms of what becomes of water that is conserved 
(MacDonnell 2015; Noroian 2011; Thompson 1993). The doctrine was not designed with 
conservation in mind as the initial goals and values in place in the West during the development 
of the doctrine advanced growth—both economic and population—and considered water left 
instream to be wasteful. Thus, there was never a need to create rules governing instream flow or 
conserved water. As conditions and values changed, instream flow and conservation became 
more important, but the institutions have either not changed to keep up with the changing values 
and conditions or have changed slowly and incrementally. According to literature on contracting, 
institutions provide a guarantee of security to property rights (Leonard and Libecap 2019). Prior 
appropriation institutions provide this guarantee to water rights as long as they are used fully and 
beneficially—in most states, water that is conserved is not protected by these institutions. 
Theoretically, the conserved water could be subject to forfeit under prior appropriation when 
strictly enforced. There is no incentive to conserve when the right to the conserved water is not 
secure for the conserver to use or transfer. However, as discussed in the introduction and 
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subsequently in this section, conservation is still occurring. If there is no apparent legal incentive 
to conserve, then why does conservation occur?  

The answer lies at the intersection of the legal literature and agricultural economics 
literature on water conservation in irrigated agriculture in the Western U.S. Or, to be more 
precise, the gap at the intersection of these literatures. Prior to discussing them in more depth, I 
will give a preview of my argument. First, legal scholars often suggest and advocate reforms as 
solutions without strong empirical evidence or testing of their success (such as the conserved 
water statute, to be discussed in depth). Fortunately for the legal scholars, agricultural 
economists have analyzed the success of new policies or technology enhancements in irrigation, 
leading to the second point. Agricultural economics literature on water conservation in irrigated 
agriculture does not empirically evaluate the role of institutions and management arrangements 
in water conservation or examine the institutional logic behind these reforms, despite suggesting 
careful management may increase the success of improvements such as increased irrigation 
efficiency (Dagnino and Ward 2012; Ward and Pulido-Velazquez 2008). In other words, neither 
of these literatures evaluate how local institutions or management arrangements (such as 
irrigation organizations) influence the propensity of irrigators to conserve water. I will next 
describe the reforms suggested in the legal literature, with a focus on conserved water statutes, 
followed by the findings in the agricultural economics literature. This all leads up to two 
overlooked points at the intersection of these literatures: a) both literatures conflate conservation 
with reductions in water usage, equating increases in efficiency with reductions in usage and 
confusing technical and allocative efficiency; and b) neither literature considers the implications 
of more clearly defining property rights, such as allowing for the usage of conserved water.  

First, it is necessary to mention enforcement and the implications of the written law 
regardless of enforcement stringency. As discussed above, the legal literature details the 
disincentives to conservation in the prior appropriation system, but despite discussing many 
potential reforms, little attention is paid to how statutes are enforced in practice. Studies such as 
Wescoat (1985), Tarlock (1987), Bell (2006), and Schempp (2009) provide a detailed analysis of 
the legal context for conservation and various state specific statutes, but do not describe how 
principles such as forfeiture are exercised in practice. Tarlock (2001) contends that the 
enforcement of priority and beneficial use is weak to non-existent, and Behnampour (2011) 
discusses how waste of water and other requirements to keep conserved water in Oregon are also 
not strictly enforced. Benson (2012) argues that prior appropriation has far less legal power 
today, as many states avoid strict enforcement of priority, instead favoring the status quo of 
established rights and water uses due to fairness and allocation concerns. In many cases, state 
officials, such as the state engineer, do no strictly enforce the “use it or lose it” mantra or the 
principle of priority because it may be impracticable or viewed as unfair (Tarlock 2001). If weak 
enforcement of the prior appropriation doctrine is the norm, then it may not be as restrictive 
towards conservation as the legal scholars contend. However, as these legal scholars would 
likely point out, these principles of beneficial use, priority, and forfeiture are the law. Even if 
state engineers are reluctant to enforce the law, there is still a potential that it will be enforced at 
some point in time as long as the law does not change, especially if a situation makes its way into 
a court—the doctrine is still supported and enforced by the courts (Tarlock 2001). This concern 
explains why the legal literature is adamant that the current legal framework disincentivizes 
conservation and advocates reforms focused on changing or clarifying legal statutes. 

Many scholars have discussed the areas of reform needed in the prior appropriation 
doctrine (Glennon 2002 and 2009; Libecap 2011; Noroian 2011; Tarlock 2001; Thompson 
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1993). Wescoat (1985) and Tarlock (1987) advocate for clarifying concepts related to water 
rights such as beneficial use, waste, and conservation. Including instream use and conserved 
water in definitions of beneficial use, rather than waste, opens the door for water conservation 
and allows flexibility in uses of water. Tarlock (1987) advocates defining water conservation in 
terms of economic efficiency, or allocative efficiency, in order to spur the adoption of higher-
cost irrigation technology—the benefits to society justify the high costs to the individual. 
Wescoat (1985) also suggests that water organizations, such as irrigation organizations, could be 
a solution to managing local water transactions because he assumes the lack of cases concerning 
these organizations indicates reforms and transactions face less legal resistance than other types 
of reform. While this is purely an assumption and not based on empirical evidence, other 
scholars have also suggested embracing local institutions for enforcement and administration of 
sharing agreements during droughts and implementing more extensive conservation programs 
than state law (Libecap 2007; Thompson 1993). I specifically advocate empirically testing this 
assumption, but first I will describe another set of reforms and assumptions advocated by legal 
scholars.  

Legal protections are also suggested to allow users to maintain the rights to any water 
they conserve, whether to use, leave in stream, lease, or sell (Noroian 2011). This includes 
codifying and incorporating water conservation mechanisms and standards (such as minimum 
streamflow) directly into state code to protect environmental values and resources (Glennon 
2002), but the focus here will be specifically on protections of conserved water to be used and 
not subject to forfeiture. Many legal analyses contend that the disincentives to conservation in 
the prior appropriation system can be significantly lessened if users have legal protection to use 
the water they conserve and protection from forfeiture if they do not use the water they conserve 
(Behnampour 2011; Bell 2006; Noroian 2011; Schempp 2009; Szeptycki et al. 2015; Woodard 
2016). A handful of states have addressed these concerns through conserved water statutes or 
changing the language of forfeiture statues (see Behnampour 2011; Bell 2006; Schempp 2009; 
Woodard 2016). The logic behind these suggestions stems from the ambiguity in the institutions 
surrounding conserved water; further clarifying these institutions or codifying existing practices 
removes this ambiguity, allowing users to feel secure in their uses of conserved water. 

Without clarification on the status of conserved water, the use of conserved water is an 
area of water rights that is not clearly defined. Conserved water generally refers to a reduction in 
the amount of water used, or the amount of water leftover after efficiency or other 
improvements, but the exact definition varies by state. It can apply to either a reduction in 
consumptive use or a reduction in the amount diverted. California and Oregon use both 
definitions. Montana has different mechanisms for each: “salvaged water” is reduced diversions; 
“water conservation” is reduced consumptive use that can be applied to another purpose. 
Washington also has different terms: “net water savings” are reductions in consumptive use and 
“gross water savings” are reductions in diversions (Woodard 2016).  Texas code refers to 
reductions in consumptive use (Texas Water Code § 11.002). Unless specified in state code, any 
part of the water not put to beneficial use can be subject to forfeiture provisions. 
 Users have two main options when conserved water is created: using the water or leaving 
it instream. Each of these options requires specific legal protections to avoid forfeiture of all or 
part of the water right. A conserved or salvaged water statute is necessary to allow the saved 
water to be put to beneficial use, otherwise it becomes available for appropriation after forfeiture. 
Case law has made important distinctions in this matter. In the U.S. Supreme Court case 
Montana v. Wyoming (2011), the Court determined that water salvaged from switching to a 
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more efficient form of irrigation (from flood to center-pivot in this case) could be used on the 
same irrigation acreage of the original appropriative right, even if it increased consumptive use 
to the detriment of downstream appropriators (Thompson et al. 2018). In other words, the 
previous flood irrigation system had lower consumptive use because more water returned to the 
stream via runoff and seepage, but the new center-pivot system applied water more efficiently, 
allowing more of it to be applied to the land and consumptively used, leaving less for return 
flows. The Wyoming Supreme Court found a similar verdict in Bower v. Big Horn Canal Ass’n 
(1957) for seepage appropriation, determining that a seepage appropriator has no formal right to 
the seepage and the original appropriator of that water can cut off the seepage whenever they 
wish. There are some restrictions on this usage, however; in the case of Southeastern Colorado 
Water Conservancy District v. Shelton Farms (1974), the Colorado Supreme Court determined 
that prior appropriation rights cannot be augmented by salvaged water, and in Salt River Valley 
Water Users’ Association v. Kovacovich (1966), the court decided that conserved water cannot 
be used on appurtenant (adjacent) land, only on the original parcel of land tied to the purpose of 
the water right. 
 For the other main option for conserved water, forfeiture protection is necessary if the 
user wishes to devote the conserved water to instream flow purposes or enter into a forbearance 
agreement. Water must be put to beneficial use according to the prior appropriation doctrine, and 
states vary as to whether or not instream flow counts as beneficial use and whether individuals 
can hold instream flow rights. Additionally, some irrigators opt to enter into forbearance 
agreements with conservation groups or state agencies which allow the water to remain instream 
usually when needed on a short-term, temporary basis. Some irrigators are concerned that this 
may result in a loss of their rights, so some states, such as Washington and New Mexico, have 
put in place a formal mechanism specifying that these arrangements are not subject to forfeiture 
or abandonment laws (Szeptycki et al. 2015). 
 However, these analyses assume that these reforms will actually lead to reductions in 
water usage which may not be the case. Studies either do not empirically analyze the effects of 
the statues on water usage (Bell 2006; Noroian 2011; Schempp 2009) or use weak definitions of 
success. For example, Behnampour (2011) describes conserved water policies in California, 
Montana, Washington, and Oregon and concludes they are a success based on the number of 
uses of the programs and the estimated water saved. In Oregon specifically, Behnampour 
contends that the state program is a success because the Oregon Water Resources Department 
has approved most of the conservation plans submitted, even though only a small amount of 
water has been conserved. This demonstrates progress in the form of intent to conserve, but does 
not demonstrate the actual success of these programs and statutes as methods of increasing 
irrigation efficiency or reducing actual water usage.  

Additionally, changes in how water is used as a result of conservation can injure third-
parties. For example, in the Supreme Court case of Montana v. Wyoming as discussed above, the 
changes from flood to sprinkler irrigation in Wyoming increased consumptive use, reducing 
return flows and decreasing the water available to Montana (Norris 2011). With the court ruling 
in favor of Wyoming, this case indicates that third-parties may suffer injury depending on details 
of state laws or interstate compacts, in which case third-parties may have to search for 
supplementary sources of water to offset losses from others’ conservation efforts, thus increasing 
water use overall rather than reducing it. These issues with conserved water statutes indicates a 
need for empirical testing of their effectiveness, or at the very least empirical testing of the 
effects of increased irrigation efficiency.  
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Numerous studies of irrigation efficiency programs and subsidies have shown that 
increases in irrigation efficiency at the farm level lead to increased consumptive use at the basin 
level (Brinegar and Ward 2009; Dagnino and Ward 2012; Grafton et al. 2018; Pfeiffer and Lin 
2014; Ward 2014; Ward and Pulido-Velazquez 2008). There are numerous positive benefits of 
subsidies beyond just the increased implementation of water conserving technology on the 
farm—there is less water applied on the crops, but more of what is applied is consumed by crops; 
increases in farm income; greater crop production; more land under irrigation; and increased 
economic benefits for the basin (Brinegar and Ward 2009).  However, the increased irrigation 
efficiency puts more total acreage into production, leading total water use from irrigated 
agriculture to increase with higher subsidies, as shown in studies of subsidies for drip irrigation 
(Brinegar and Ward 2009; Ward and Pulido-Velazquez 2008).  

Increases in irrigation efficiency often begin to cause problems when farmers are allowed 
to use conserved water in a form of “water spreading” (Huffaker et al. 2000). Water spreading 
refers to using excess water, such as from increases in irrigation efficiency, on more land owned 
by the user (Bell 2006). These irrigation changes also may cause a shift in crop patterns by 
allowing farmers to apply the saved water to new crops on their land with farmers switching to 
higher value crops that potentially require more water (Pfeiffer and Lin 2014). 

These new applications actually increase consumptive use overall, even though the 
amount diverted may be the same because consumptive use is increasing at the basin level and 
potentially depleting the water supply (Dagnino and Ward 2012; Pfeiffer and Lin 2014; Ward 
and Pulido-Velazquez 2008). This behavior does not result in reductions in water usage. When a 
farmer installs more efficient irrigation technology, less water is used when there is no change in 
that farmer’s initial amount and mix of crops. Less water needs to be diverted after the 
implementation of the new technology than the original diversion. However, if that farmer 
decides to switch to a more water intensive crop or spread water to more of their land, diverting 
the original amount before the technology implementation, more water is consumed by crops and 
less becomes return flows. Other water users downstream who relied on these return flows now 
have less water available (Huffaker and Whittlesey 2000). This situation increases the likelihood 
of depletion of the water resource, especially when a system of organized rights is lacking or 
poorly monitored and enforced (Dagnino and Ward 2012). Reductions in consumptive use are 
needed for long-run agricultural conservation, rather than simply reductions in diverted water 
(Hamilton and Willis 2003).  

Grafton et al. (2018) refers to increasing irrigation efficiency coupled with increased 
consumptive use as the “paradox of irrigation efficiency.” However, I would argue that this 
paradox is not a paradox at all—in fact, we should expect to see increased consumptive use with 
increased irrigation efficiency. As long as irrigators are allowed to use the water they conserve, 
the rational response of irrigators to increased irrigation efficiency should be to use the additional 
water they now have available, up to the amount they have a right to divert. I will further explain 
the mechanism behind this behavior, property rights, in the theory section below, but briefly: if 
irrigators own the right to use the water, there is no reason for them to not use it to the fullest 
extent possible.  

The reason Grafton et al. (2018) and others are mistaking this paradox for a paradox is 
due to conflating conservation with reductions in water usage. Conservation generally refers to 
increases in efficiency in applying water or doing the same activities with less water than used 
previously, i.e. more efficiently using the resource and reducing waste—this is technical 
efficiency (Tarlock 1987). This has been the type of efficiency discussed up to this point, unless 
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otherwise noted, as irrigation efficiency falls under technical efficiency. Allocative efficiency is 
another way water conservation has been defined, and it refers to the maximization of benefits to 
society from using the resource, where scarce resources usually go to the highest valued uses 
(Allan 1999; Huffaker and Whittlesey 2000). In contrast, water usage is a general term for the 
amount of water diverted or withdrawn from the water system and applied to various uses. 
Consumptive use then refers to the water withdrawn from the system that does not return to the 
system. Thus, reductions in water usage mean less water is diverted or withdrawn than in a 
previous period. Conservation does not necessarily equal reductions in water usage, unless the 
incentives are set up to prevent use of conserved water. In a system of water rights tied to 
specific amounts, owners of water rights are motivated to protect and develop their property 
rights and use as much of the amount tied to their right as possible. Thus, more clearly defining 
property rights, such as in the case of conserved water statutes, leads to increases of consumptive 
usage as compared to situations without clear property rights.  

For example, in a residential household, water is purchased by the gallon plus a 
connection fee. If the Rose family wants to pay less for their water but not decrease the length of 
their showers, flush the toilet less, do less loads of laundry and dishes, or stop watering their 
landscaping, they will have to increase the technical efficiency of their water applications. The 
Rose family then installs low-flow showerheads and toilets, more efficient laundry machines and 
dishwashers, and plants a landscape with low water needs. Their bill has gone down, and they 
are using less water than before. There is no incentive to use more because a) they are still 
meeting all the needs they had before investing in conservation methods and b) their bill will 
increase if they use more. 

In a system of water rights such as the prior appropriation system in the West, most 
irrigators have rights to certain amounts of water. They therefore have every incentive to use 
every drop of that right to water. If they conserve, they have the incentive to use what they have 
leftover, thus increasing consumptive usage and decreasing return flows while withdrawals 
remain constant. A reduction in water usage in terms of diversions or withdrawals is not likely 
unless the incentive structure changes.  

 Depending on the state, users may also have the option to transfer the water they 
conserve, whether they sell it permanently or lease it temporarily. This water does not increase 
consumptive usage in the manner laid out above when it is used by the original owner, but that 
does not mean it is not consumptively used elsewhere. When the conserved water is bought or 
leased, the new user may use it for irrigating additional crops of their own, thus increasing 
consumptive use elsewhere in the same basin. In other words, even if users are not 
consumptively using their conserved water themselves, if they are selling or leasing it, it is likely 
still being consumptively used elsewhere, contributing to increased consumption in the basin.  

The literature I have outlined above overlooks two points: the difference between 
conservation and water usage reductions, or more accurately the difference between technical 
and allocative efficiency, and the consequences of clarifying property rights on water usage. 
When clarifying the difference between conservation and water usage, it becomes clear that the 
“irrigation efficiency paradox” is not a paradox, and the role of conservation in agricultural water 
usage should be reexamined under the assumption that this behavior is rational. Additionally, 
these literatures overlook the consequences of clarifying property rights. The effects of 
conserved water statutes on conservation behavior and water usage have not been adequately 
empirically tested in either the legal or agricultural economics literatures, and the institutional 
logic of solutions suggested in these literatures has not been clearly identified.  
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1.3 Theoretical development 
 
Gap 
 
 As demonstrated in the legal literature described above, the prior appropriation doctrine, 
as written and codified in law, creates disincentives to conserve water. But, as indicated in the 
agricultural economics literature on irrigation efficiency, conservation is happening, although it 
may not be leading to reductions in water usage. Why is water conservation occurring despite 
these disincentives? And when efforts at conservation do occur, why do they lead to increases in 
consumptive usage of water? I propose that the answer lies in the role of property rights in 
clarifying water rights and usage, such as adoption of conserved water statutes, and in the 
incentives created by owning property rights in water. Both the legal and agricultural economics 
literatures on water conservation offer reasonable suggestions, including conserved water 
statutes and embracing irrigation organizations, but neither empirically test these suggestions 
satisfactorily, if at all, or examine the institutional logic of the reforms they suggest. In addition, 
the irrigation efficiency “paradox” of increasing consumptive use, as described in Grafton et al. 
(2018), is not really a paradox when considering conservation as technical efficiency 
improvements rather than allocative efficiency, reductions in water usage in agriculture, or 
individual incentives to conserve—when the legal protections and resources available for 
conservation exist, irrigators are likely to put the conserved water use given a properly developed 
model of the individual.  
 The legal literature thoroughly analyzes the legal foundations for conservation and 
provides solutions that would be legally sound, such as conserved water statutes. These statutes 
provide formal protection for property rights, allowing users security to reuse, sell, or lease the 
conserved water (Leonard and Libecap 2019). Thus, these statutes matter from a legal and 
institutional perspective, even if they do not actually reduce water usage or lead to allocative 
efficiency. As I have underscored, the legal literature has not adequately tested whether 
conserved water statutes actually lead to the desired conservation outcomes. The agricultural 
economics literature has tested the effects of increased irrigation efficiency on water usage—
showing consumptive use, and potentially usage overall, increases. This does not mean 
conserved water statutes should be discarded; the legal protection they provide is necessary to 
secure property rights to conserve. However, given the empirical results of increasing irrigation 
efficiency, or technical efficiency, conserved water needs to be managed in addition to being 
protected. These results also demonstrate that the individual incentives behind conservation and 
use of conserved water are not fully understood especially in relation to property rights—what 
users are doing with their conserved water will determine whether reductions in overall water 
usage occur and to what degree of magnitude. Understanding the incentives for conserving and 
using conserved water through the role of property rights may demonstrate why the “paradox” of 
irrigation efficiency is not in fact a paradox. 
 
Theory 
 
Scope conditions and explicit assumptions 
 As just described above, the literature on water conservation in agriculture indicates that 
increased irrigation efficiency does not necessarily lead to a reduction in consumptive water use 
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or increase allocative efficiency. Understanding the importance of the institutional logic of 
components governing conserved water and the role of property rights in the adoption of 
conservation methods can shed light on the motivations behind conservation in irrigation and 
how to more effectively manage water usage and allocative efficiency, as opposed to just 
conserving water (increasing technical efficiency). I bring together the legal and agricultural 
economics literatures on water conservation in agriculture to demonstrate an empirical and 
theoretical gap. I propose that water conservation in agriculture results in increased technical 
efficiency rather than reductions in water usage and increased allocative efficiency due to the 
importance of property rights in conservation decisions. Irrigators will want to protect and 
develop their property rights by using their water to the fullest extent. The motivations for 
property rights in the first place include internalizing the benefits of the property when the gains 
from internalization outweigh the costs (Demsetz 1967); i.e. when the gains of conserving and 
using conserved water outweigh the costs of conserving, irrigators will conserve to internalize 
the benefits from their property right. Further defining and clarifying property rights will lead to 
increased conservation and water usage, as rights holders are more confident in the protections of 
their rights. Thus, in a water system governed by property rights, attempts at reducing diversions 
or withdrawals to manage water usage and increase allocative efficiency presents a social 
dilemma, especially in the prior appropriation system, because there are not incentives for 
individuals not to use their property rights, even in situations where the water system and society 
would be better off. This proposal requires several assumptions: 

1. Water conservation is defined as increases in the technical efficiency of water 
usage. As described above, conservation refers to technical efficiency increases rather 
than reductions in overall water usage or increases in allocative efficiency. This 
distinction is crucial to understanding the implications of water conservation, as these 
two concepts are related but not the same across all contexts.  

2. Individual irrigators are economically rational and will make decisions 
accordingly. Individual irrigators make two main decisions regarding water 
conservation: 1) whether or not to invest in conservation methods and/or technology; 
and 2) what to do with the water they conserve. Assuming irrigators act in their best 
interests economically and make decisions rationally (even boundedly), their decision 
to invest in conservation will be based on whether they can gain financially from the 
implementation of conservation in accordance with their preferences, including taking 
into account any subsidies and assistance programs (Simon 1955). By this same logic, 
if irrigators choose to implement conservation, they will then make another rational 
economic decision on what to do with the water they conserve: spread it to crops on 
more land, plant higher value and more water-intensive crops, sell or lease it, or let it 
run back into the water source as return flow, among other options. Irrigators looking 
to gain financially are likely to use the water to produce more or higher value crops or 
transfer the water, rather than letting it flow back into the stream, even for 
environmental purposes. Putting conserved water to use will increase individual 
consumptive use, increasing overall basin consumptive use of water (Brinegar and 
Ward 2009; Pfeiffer and Lin 2014; Ward and Pulido-Velazquez 2008).  

3. Laws protecting conserved water will have the intended effect on conservation. 
Simple protections of conserved water from forfeiture will not be enough to achieve 
reductions in water usage, but they will allow irrigators to use the water they conserve 
and increase investment in conservation methods. As described in the irrigation 
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efficiency literature above, many farmers choose the option to keep and reuse their 
water in a way that increases their consumptive use, whether through water spreading 
or by switching to more water-intensive, higher value crops (Bell 2006; Pfeiffer and 
Lin 2014). This behavior is understandable given that the returns to this individual 
action are higher than the returns if everyone maintains their current amount of 
consumptive use.  

4. Property rights create a social dilemma in water systems. A social dilemma 
occurs when individuals are tempted to pursue one action (where individual returns 
are higher) over the action that leaves the group better off if all or most individuals 
choose this second option (Ostrom 2005). With property rights in water systems, 
individuals have no incentive to reduce their usage of their own property right unless 
the incentive structure changes. Users cannot exclude others from owning their own 
property, so they have no incentive to use their own property in a way that takes into 
account the needs and consequences for others (Demsetz 1967). If water usage was 
reduced and allocative efficiency increased, the group benefits might be greater 
system-wide in terms of more water available for wildlife, recreation, and other 
instream uses; water could be moved to cities with increasing populations; and 
conserved water could be used to replenish aquifers, among other benefits. The 
dilemma then is how to reduce water usage when users have property rights entitling 
them to use certain amounts of water. Changing the incentive structure by paying 
owners to leave their water instream, for example, may be a solution to this dilemma. 

Components and empirically testable implications 
Based on the scope conditions and assumptions, I will lay out the actors and their 

incentives, courses of action, and then describe the theory as a whole, including my expectations. 
The actors include irrigators in the Western U.S. whose actions include the decision to 
implement conservation methods such as switching from flood to sprinkler or drip irrigation, 
lining canals, or land leveling, among other methods (Behnampour 2011). Irrigators also make 
decisions as to what to do with their conserved water, such as planting more crops, planting 
higher value crops, transferring the water, or leaving it instream. Irrigation organizations also 
make decisions related to implementing water conservation methods and how to distribute the 
conserved water. Finally, state governments and legislatures are actors that can choose to enact 
statutes protecting the right to use conserved water and governing how it may be used.  

Thus, I expect that water conservation will occur when rational irrigators are motivated 
by institutional protections and incentives concerning their property rights or can use collective 
institutions to invest in conservation methods. I also expect that increased investment in water 
conservation will lead to increased consumptive use of water because rational irrigators will put 
the conserved water to beneficial use—i.e. the irrigation efficiency “paradox” is not paradoxical 
at all; it reflects exactly what should be expected to occur if the rational behavior and incentives 
irrigators face are properly evaluated. Because irrigators (or irrigation organizations) own a 
property right to use the water, the incentive they are faced with is to use their water to the extent 
that utilizing their property maximizes their benefit preferences. The only way to limit or 
decrease both withdrawals and consumptive use is to limit (or cap) withdrawals and put in place 
mechanisms to incentivize or force decreases in use—which conserved water statutes and many 
other existing institutional components do not do. I plan to evaluate the role of existing 
institutional components governing property rights to conserved water and changes to the 
incentive structure for reducing water usage of privately owned water rights, as I expect they will 
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explain why conservation and its consequences occur in the context of the prior appropriation 
system. 
 It may be argued that the prior appropriation system itself places a limit on consumption 
in terms of the amount of water each individual is allowed to divert and the total amount 
available in the water system to divert. This argument has two issues. 1) The amount of water 
diverted does not equal the amount of water consumed. Prior appropriation rights are based off 
diversions, not consumptive use. A user cannot exceed the amount they have diverted or change 
it unless they acquire more rights. However, the consumptive use of the water varies and rarely 
equals the amount diverted, especially in flood irrigation. The return flows can then be diverted 
by a junior user. When individuals increase their consumptive usage, it decreases their return 
flows and the amount of water available for others to divert. The limit is based on amount 
diverted, rather than amount consumptively used, which is problematic for junior users and the 
environment. 2) Diversions are only limited at the individual level, not the system level. While 
nature places a physical limit on the amount of water that can be diverted, prior appropriation 
does not limit the amount of rights that may exist, unless state engineers have stopped accepting 
applications for new rights. Many basins, such as the Colorado River, are overdrafted, and states 
such as Wyoming and Colorado often allow conditional rights to remain on the books even if the 
water is not put to beneficial use (Macdonnell 2015; Schempp 2009). If everyone with a 
conditional right attempted to put their right to use, there would not be enough water to satisfy all 
these rights given the average water supplies available. For these two reasons, prior 
appropriation does not inherently place a limit on consumption of water; the only way to truly 
place a limit on water is set a cap for a basin and strictly enforce water usage in order to remain 
at or under the limit.  
 Putting a cap on water usage is difficult to negotiate politically and difficult to monitor 
and enforce. There are also potential ways users can get around caps. If a cap is only placed on 
surface water, users can pump groundwater to supplement the water they do receive. Increased 
pumping of groundwater to get around surface water limitations can increase depletion of 
aquifers and potentially affect surface water supplies, depending on local hydrological 
connections between surface and groundwater. A limit would only work if there are no other 
options to obtain water (i.e. no groundwater available to pump) or if it is placed on both surface 
and groundwater and managed conjunctively (Getches et al. 2015). However, changing the 
incentive structure to encourage voluntary reductions in water usage through financial incentives 
may be more palatable politically and prevent users from trying to find work arounds. 
 First, I will determine the motivations for enacting conserved water statutes with a 
qualitative analysis of why they were enacted by some states, only considered by others, and 
why no action was taken by the remaining states. This will test the argument that clarifying 
property rights through conserved water statutes incentivizes investment in water conservation. If 
there is a narrative with a combination of concerns about water availability and legal 
ramifications of conservation for individual water rights, this will provide support for the 
argument that clarification of property rights may incentivize water conservation in agriculture 
(or if that is the perception by policymakers, at least). Additionally, the irrigation efficiency 
paradox demonstrates that the statutes alone are likely not enough to encourage reduction in 
water usage. This analysis will clarify if reducing water usage or increasing allocative efficiency 
were actually goals in enacting these statutes, with specific attention to increasing instream flow 
(likely for habitat protection). If this is the case, the existence of the irrigation efficiency paradox 
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indicates that conserved water statutes are not an appropriate mechanism for encouraging 
reductions in water usage or leading to increased allocative efficiency. 

Second, I intend to empirically test the effects of conserved water statutes on agricultural 
water user behavior. I expect that these statutes will have an effect on user behavior, in the form 
of increasing investments in conservation in the states that have adopted these statutes. This will 
not necessarily lead to a reduction in water usage, in the form of withdrawals, or a reduction in 
consumptive use—it may lead to an increase in consumptive use in line with the literature 
discussed above. I expect property rights will be the motivational mechanism behind this 
behavior. Individuals will want security of their water rights and protection from forfeiture when 
they begin conserving water so that they do not lose it if they are not using it and so they have 
the ability to put it to a new use—conserved water statutes are the institutional components of 
prior appropriation which can provide this security (Leonard and Libecap 2019). These 
protections also provide clarity in property rights, as opposed to “mud” to use the metaphor of 
Rose (1988). While the mud may be fine as long as the status quo remains the same and 
enforcement and interpretation of institutions is flexible, when the context changes (such as due 
to climate change or increasing demands from population growth), irrigators may prefer more 
“crystal”, clear institutional protections than the flexibility of the “mud” (Rose 1988).  
 Third, I expect changes in the incentive structure for water consumption facing irrigators 
will lead to changes in water usage, specifically reductions. In a system of property rights like 
the prior appropriation system governing water rights, there is no outright incentives for rights 
owners to not use their rights to the fullest extent possible. However, if incentives are put in 
place to convince users to use less water, they may choose that option over their own production 
if the benefits of the incentives are high enough. Specifically, voluntary environmental water 
transactions, where irrigators are paid to reduce or not use their water, may incentivize 
reductions in water usage. I expect that water withdrawals will decrease after arrangements such 
as these have been implemented, and further decrease as time goes on. These leads to the three 
main theoretical expectations for this dissertation, corresponding to each of the three following 
empirical chapters: 
 
Expectation 1: Conserved water statutes were enacted due to concerns over how changes in 
water availability and scarcity would affect water rights, allocation, and environmental water 
needs. 
 
Expectation 2: Conserved water statutes will lead to increased investment in conservation efforts 
but increase consumptive usage of water in agriculture. 
 
Expectation 3: Users will be motivated to reduce water withdrawals when financial incentives 
exist in the form of environmental water transactions.  
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Chapter 2: Factors motivating consideration and adoption of conserved water 
statutes in the Western U.S. 
 
 
 
2.1 Introduction and context 
  

Since the late nineteenth century, water usage in the Western U.S.3 has been governed by 
elements of the prior appropriation doctrine. This doctrine provided a systematic and sensible 
alternative for the arid West from the riparian doctrine governing the relatively plentiful water 
supply in the eastern half of the country. By allowing the first person to put a water source to 
beneficial use priority in claiming water, the goals embedded in the prior appropriation doctrine 
centered around the growth and economic development of the West through the promotion of 
water use and prevention of water waste, including the non-use of water (Benson 2012; 
MacDonnell 2015). The doctrine remains much the same today despite the original goals of 
development being accomplished and in the face of calls for reform amid changing goals and 
values (MacDonnell 2015; Tarlock 2001; Wilkinson 1989). Some of these new goals and values 
include water conservation and increased technical and allocative efficiency across uses, 
flexibility in the face of changing demands and conditions, and protection of the environment 
(Glennon 2009; Grafton et al. 2018).  
 Amid increasing demands for water from non-agricultural sectors and growing interest in 
water transfers and markets, water conservation and increased irrigation efficiency have become 
higher priority in water management (Noroian 2011; Tarlock 2018). These changes have 
generated questions over what becomes of the water that is leftover after conservation and 
technical efficiency improvements are implemented: who has a right to this water? and what 
should they be allowed to do with this conserved water? Under the prior appropriation doctrine, 
conserved water is interpreted as wasted water subject to forfeiture, although it is not explicitly 
stated (MacDonnell 2015; Noroian 2011). Technical improvements that result in less water use 
indicate that the previous methods of water use (whether in delivery, application, or other means) 
were inefficient and wasteful, so any leftover water after the improvements is waste. This water 
should then become available for appropriation, not necessarily belonging to the water conserver 
automatically. However, the doctrine does not explicitly address this scenario, nor is it clear that 
this leftover water truly fits the spirit of the definition of water waste. As a result, many legal 
scholars in water rights contend that the prior appropriation doctrine creates disincentives to 
conserve water, especially for agriculture, which holds the majority, and the most senior, of 
water rights (Behnampour 2011; Bell 2006; Noroian 2011; Schempp 2009; Szeptycki et al. 2015; 
Woodard 2016). Irrigators may fear losing all or part of their water rights if they do not use their 

 
3 The states included in the Western U.S. for the purposes of this study are: Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, Texas, Utah, Washington, Wyoming. These states have a history of prior 
appropriation use and are west of the 100th meridian, considered the dividing line between the more arid West and 
the wetter East (Getches et al. 2015). Texas is included due to the arid nature of the western portion of the state and 
the fact that surface water has been governed according to the prior appropriation doctrine since 1967 (Lashmet 
2018). 
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full right due to conservation methods, and there is no extra benefit available from the water that 
is saved since it is not clear if the conserving irrigator maintains a right to the saved water.  

Given the ambiguity in rights to conserved water and the disincentives to conserve from 
forfeiture provisions, some Western states began to consider conserved water statutes, starting 
with California in the late 1970s (Behnampour 2011; Bell 2006; Schempp 2009; Woodard 2016). 
The idea also gained traction in the legal literature as a solution to the ambiguities in the law and 
pressing water issues (Fischer 1990; Honhart 1994; Huffaker and Whittlesey 2000; Tarlock 
1987). A conserved water statute defines conserved or salvaged4 water, including clarifying that 
the right to this water belongs to the conserver through two main components: 1) conserved 
water is exempted from forfeiture or abandonment provisions; and 2) the conserver is allowed to 
beneficially use the water if they wish, including transferring the water temporarily or 
permanently, or leaving the water instream (Behnampour 2011; Bell 2006; Schempp 2009; 
Woodard 2016). Exemption from forfeiture and allowing the use of conserved water provide 
institutional incentives to conserve water in agriculture by protecting the water —these are legal 
incentives that are often lacking in most states. These clarifications provide security to water 
users in knowing that their rights are protected if they choose to conserve.  

Due to changing needs around water usage, certain prior appropriation institutions no 
longer fit with societal preferences on water usage, especially when coupled with advances in 
irrigation technology. Additionally, problem severity puts stress “misfit” institutions to change or 
on users trying to adapt to the problem—in this case, growing water scarcity due to changes in 
demand and changing climate conditions. Conserved water creates a gray area in the property 
rights of water, necessitating change in prior appropriation institutions to better fit current 
preferences and clarify property rights. While this situation is present across the Western U.S., 
only five states have enacted a conserved water statute (California, Montana, New Mexico, 
Oregon, and Washington), three have considered legislation to enact a statute (Arizona, 
Colorado, and Wyoming), and the remaining four have not taken any official state-level action 
on the status of conserved water (Idaho, Nevada, Utah, and Texas). The central question for this 
study draws directly from the premise that conserved water statutes will help to incentivize water 
conservation in agriculture: if conserved water statutes are an appropriate solution to incentivize 
water conservation, then why have only some states adopted these statutes, and not others? 
Specifically, what internal factors led some states to propose or enact these statutes, as compared 
to states who have taken no action on the status of conserved water?  

I argue that upon recognition of a lack of fit between current water usage preferences and 
existing institutions, relevant stakeholders and state legislatures will be motivated by the problem 
severity of water stress to consider and ultimately enact these changes, in line with the literatures 
on institutional fit and collective action in common pool resources. When stakeholders are able 
to coordinate to persuade legislators to support conserved water statutes, the statues will be more 
likely to be put into place. I make the assumption that legislators are making decisions on 
conserved water statutes that are representative of their constituents preferences, especially when 
irrigators push for these statutes and are supported by a diverse coalition of stakeholders. I use a 
qualitative approach to examine consideration and adoption of conserved water statutes by 
collecting text data from academic and news media articles and legislative documents on 

 
4 The term “conserved” water is used to indicate water that is leftover after efficiency improvements in most of the 
legal literature and state laws. Montana is the exception, defining “salvaged” water in this manner. I will use the 
term “conserved” water in this paper to be consistent with the literature and to avoid confusion with other uses of 
water “salvage”, such as in the removal of phreatophytes (Thompson et al. 2018).  
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proposed conserved water bills. I analyze this data using Qualitative Comparative Analysis 
(QCA). Briefly, findings indicate that recognition of a lack of fit combined with problem severity 
and the involvement of key stakeholders was more likely to lead to a statute being enacted, with 
problem severity and stakeholder involvement being especially important for a bill to be enacted 
once proposed.  
 
2.2 Role of changing values and needs in actor attributes and institutional fit 
  

Values influence policy preferences and play a role in the construction and maintenance 
of institutions, including successful resource governance institutions (Auer 2006). The prior 
appropriation doctrine formalized values of the late 19th and early 20th centuries of rapid 
economic growth and development of the West, along with perceptions that there was plenty of 
water to go around (MacDonnell 2015). For example, the doctrine included provisions 
prohibiting speculation (extending to cities attempting to plan ahead for future population 
growth), defining beneficial use in terms of human needs, and stipulating water rights are subject 
to forfeiture for non-use. One person’s waste of water took away the opportunity for someone 
else to use the water beneficially and productively. These early water institutions fulfilled their 
early purpose of facilitating appropriation, rather than conservation, but have had the long-term 
unintended effect of overusing water supplies (Heinmiller 2009). These institutions did not 
provide any institutional, or legal, incentives to increase technical or allocative efficiency or 
reduce water usage, as long as irrigation methods were within the bounds of practices considered 
low waste (MacDonnell 2015; Noroian 2011). 
 Over time, more value has been placed on environmental water needs and more 
sustainable water usage in order to accommodate continued growth; longer periods of drought 
and increased demand have led to increased scarcity (Benson 2012; MacDonnell 2015; Tarlock 
2018). This combination of issues has led to stronger preferences for water conservation and 
increased technical efficiency in both municipal and agricultural water usage. In agriculture, 
irrigation technology has advanced to include highly efficient methods of applying water, from 
sprinkler irrigation to micro or drip irrigation, creating questions about whether the water saved 
through conversions to this technology is “waste” or “saving” (Wang 2019). Increased interest in 
water marketing as a mechanism for temporarily or permanently reallocating water to current 
needs has also influenced preferences for increasing technical efficiency and flexibility in water 
usage (Noroian 2011). As a result, this evolution in values across different water users and actors 
in water managment has generated friction with the existing prior appropriation institutions 
relevant to water conservation.  
 A variety of actors have been involved in the management of water rights and use in 
agriculture, with each holding their own set of values and preferences. Individual irrigators were 
the farmers who initially settled the West, valuing water resources for growing crops, raising 
livestock, and basic human needs—these values remain important today. Irrigators also value 
security and certainty in their water rights, which is provided by the priority component of the 
prior appropriation doctrine, but irrigators may view scarcity or changes to water management 
that favor other uses as a threat (Benson 2012; MacDonnell 2015). In order to build and maintain 
infrastructure for diverting surface water, irrigators pooled their resources to form various types 
of irrigation organizations, with many organizations later becoming the irrigation districts of the 
present (Bretsen and Hill 2006). Local irrigation and water districts are responsible for the 
delivery of water to farmers or residents within their boundaries and may own the water rights 
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within the district; these districts hold similar values to their constituents, with additional 
preferences for the ability to manage water usage within their boundaries with little outside 
interference (Bretsen and Hill 2006; Thompson 1993). 

Attitudes towards conserved water statutes by irrigators and irrigation organizations is 
often mixed. Irrigators with senior rights are likely to benefit from the ability to use water they 
conserve, but some studies have shown this may increase consumptive usage, potentially 
reducing return flows (Brinegar and Ward 2009; Grafton et al. 2018; Pfeiffer and Lin 2014; 
Ward and Pulido-Velazquez 2008). Irrigators with junior water rights may be reliant on these 
return flows and be adversely impacted should seniors make changes to how they use their water 
rights. Despite protections for return flows and other users in state laws and conserved water 
statutes, juniors may still be harmed by reduced return flows if the water saved from utilizing 
more efficient irrigation technology is only used on the same land for the same purpose, as seen 
in the U.S Supreme Court case Montana v. Wyoming (Behnampour 2011; Bell 2006; Schempp 
2009; Thompson et al. 2018; Woodard 2016). As a result, senior irrigators may support 
conserved water statutes while junior users oppose them. Additionally, depending on the nature 
of interactions with other actors in the state such as environmental groups and urban areas, 
irrigators may perceive these groups as attempting to use the statues to move water out of 
agriculture. Transfers of conserved water to the environment or cities from senior users would 
retain the original priority date, bypassing junior irrigators. Irrigation organizations may support 
or oppose the statutes for similar reasons. Thus, the position of these actors is dependent on the 
local context. 

Other local level governments also pay close attention to the management of water 
resources, as they depend on these resources for domestic purposes and for other industries. For 
most of the history of Western water management, populations were low enough that the demand 
for water from cities and counties was relatively low (with notable exceptions, such as Southern 
California in the 1920s, see Reisner 1986). However, within the past several decades, 
populations have grown to the point that urban demands for water have began to threaten both 
agricultural and environmental uses of water (Brewer et al. 2008; Grafton et al. 2013; 2018). City 
governments then value not only the ability to meet present demands of their citizens for water, 
but also future demands, through both increased efficiency in water use and securing new 
sources of supply. Tribal governments are also often involved in water management in order to 
protect their federally reserved rights for use on reservations and for access to fisheries, 
particularly for preserving access to traditional salmon fishing areas (Guiao 2012).  

City governments and other local level governments providing water for urban areas are 
likely to support conserved water statutes. Urban water uses are typically junior to water rights 
held in agriculture because most agricultural water rights were claimed first. Since they are 
towards the end of the priority line, cities are particularly concerned with being able to obtain 
reliable supplies. Transfers of water from agriculture are one potential mechanism for obtaining 
additional water supplies, and conserved water statutes provide an option for making water 
available to transfer, so cities are expected to support the statutes. 
 State governments and the federal government are also important actors in water 
management in the West. The prior appropriation doctrine is encapsulated in rules at the state 
level along with additional rules governing water rights. State agencies are responsible for 
administering these rules and programs, along with monitoring and enforcement, while the 
governor and legislature set policy on water issues (Thompson et al. 2018). While these are 
typically departments of water resources or natural resources, departments focused on fish and 
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wildlife may also be involved in monitoring the health of the ecosystem and its non-human 
inhabitants. Any changes to the rules must occur through the state legislatures, following the 
collective-choice rules governing that body5. State agencies often express values reflecting 
responsible and feasible management strategies for all water users but are often influenced by the 
values and policy agendas of the governor and legislature, which vary by state and over time. 
State agencies are likely to support conserved water statutes because they add another tool 
towards managing water for multiple uses and for future flexibility in water planning.  
 The federal government is primarily responsible for encouraging settlement of the West, 
using the prior appropriation doctrine to encourage development and support economic growth 
(MacDonnell 2015). Priority incentivized settlers to divert quickly and provided security for 
investments in infrastructure projects (Benson 2012; MacDonnell 2015). Federal government 
agencies, such as the Bureau of Reclamation and the Army Corps of Engineers, also managed 
water resources and built some of the infrastructure to deliver water, including some of the 
largest dam projects (Reisner 1986). These agencies continue to manage some water resources 
today with less of a focus on larger water projects, though their priorities are still to serve the 
needs of water users within their boundaries (Gray 1996). Their activities were also limited by 
national legislation focused on the environment such as the Wild and Scenic Rivers Act in 1968, 
the National Environmental Protection Act (NEPA) in 1970, and the Endangered Species Act 
(ESA) in 1973 alongside the growth of other federal agencies regulating the environment, 
including the Environmental Protection Agency and U.S. Fish and Wildlife Service. Federal 
agencies are more likely to be involved in the decision process on conserved water statutes when 
there are large federal water projects located in a state, primarily to provide testimony on how 
the statutes may affect their operations and impact the communities and water uses they serve. 
However, the literature on conserved water statutes provides little information on what position 
the federal government may take on these statutes, if they are involved at all. I would expect that 
some agencies may lean towards supporting the statutes for the potential benefits to fish, the 
environment, and endangered species, while others may be less supportive due to potential 
downstream impacts to communities benefitting from federal water projects.  
 There are also a number of non-governmental actors involved in water management in 
the West, including various interest groups. Agricultural interest groups, such as the Farm 
Bureau or Cattlemen’s/Cattlewomen’s Associations, represent the values and interests of 
farmers, irrigators, and ranchers in preserving their water rights and advocate on their behalf at 
all levels of government. Thus, these agricultural groups are likely divided on support for 
conserved water statutes since the irrigators and other water users they represent are divided in 
their reasons for supporting or opposing conserved water statutes, as discussed above. 
Environmental interest groups, such as the Environmental Defense Fund, Sierra Club, or Trout 
Unlimited, support and advocate values for preservation of the environment and animal habitats 
at all levels of government, including issues related to instream flow, water quality, and habitat 
degradation. Protecting habitat and migration opportunities for salmon are of particular 
importance, due to the species being endangered and its importance culturally and economically. 

 
5 Despite the involvement of the state legislature in policy adoption, politics does not play a role in water issues in 
the same way as other policy issues. Water politics tends to be more "group" focused rather than party ideology 
focused, as “political” differences more often arise between agencies, between states, between states and the federal 
government, and between sectors such as agriculture, cities, and the environment, with both Republicans and 
Democrats favoring greater state control of water rights or decentralization in water management (Doerksen 1977; 
Moore 2017; Wilds 2014). 
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Environmental groups are likely to support conserved water statutes because the statutes do not 
subject conserved water to forfeiture if the water is not used and left instream, most likely 
benefitting the environment. The potential to transfer the conserved water to environmental uses 
is another reason these groups are likely to support the statutes. Other interested parties may 
include associations of water districts, associations of local governments, and various water 
professionals such as engineers, lawyers, brokers, and scholars with values and positions on 
conserved water statutes largely reflecting those of the other actors already discussed.  
 Values are held by actors using a resource, or appropriators, and these values influence 
the characteristics of appropriators, including how they use a resource. Ostrom (2005) developed 
a set of attributes characterizing appropriators and another set for the resource. While these are 
primarily expected to be conducive to the formation of self-governing associations, they are also 
relevant in evaluating existing resource governance regimes and social-ecological systems 
(Cinner et al. 2012; Gutierrez et al. 2011; Heenehan 2015; Ostrom 2009). For appropriators, the 
attributes include: (A1) Salience; (A2) Common understanding of the resource system; (A3) Low 
discount rate; (A4) Trust and reciprocity; (A5) Autonomy; and (A6) Prior organizational 
experience and local leadership (see Ostrom 2005, pg. 244 for detailed descriptions). Since the 
water governance system in the West has already been established, I will focus on the attributes 
most relevant to changing values and rules, attributes A1 through A4.  
 Water usage is a highly salient (A1) issue for all the actors discussed above. Individual 
irrigators need it for their livelihoods, cities need it for their residents to drink, and it is necessary 
for environmental purposes which are important to various governments and interest groups. 
While water has always been highly valued for these reasons, today there are more people and 
groups who highly value this resource increasing its overall salience—changing this attribute. 
Generally, water users in the West have shared an understanding of the water system (A2), even 
if their understanding was not always accurate, especially in relation to the connections between 
surface water and groundwater (MacDonnell 2015). As water and hydrological sciences have 
advanced, the accuracy of understanding of the water system has increased, including the 
quantification of surface and groundwater supplies and the ripple effects of different types of 
uses across the system (Glennon 2002). A change in this attribute has led actors to become aware 
of the problem of increasing scarcity. This has led to changes in the discount rate (A3) for some 
actors, such as cities, whose discount rates for water supplies are decreasing as they realize the 
need to secure supplies for future needs. While each type of actor has a different discount rate, 
increased understanding of the resource system and future supply projections have likely 
decreased the rate for many actors interested in the survival of their livelihoods, communities, 
and habitats into the future. Finally, trust and reciprocity are ever-evolving norms within the 
history of water usage in the West, including moments and locations of severe division and 
conflict (Los Angeles and Owens Valley, for example) and collaboration and cooperation (such 
as watershed agreements in the Columbia River Basin) (Garrick 2015; Reisner 1986).  
 Resource attributes are also changing. Ostrom (2005) identifies four resource attributes: 
(R1) Feasible improvement; (R2) Indicators; (R3) Predictability; and (R4) Spatial extent. 
Improvement of water resource conditions in the Western U.S. remains feasible for the time 
being (Cai et al. 2015), though the spatial extent of the resource system is not sufficiently small 
since many river basins and aquifers span multiple states. These attributes (R1 and R4) remain 
stable while the other two attributes (R2 and R3) have been changing since prior appropriation 
institutions were first implemented. Indicators of water resource conditions have significantly 
improved alongside the increase in common understanding of the system (A2). These indicators 
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include measurements of streamflow and aquifer levels, water quality, more accurate projections 
of precipitation, drought, and snowpack, and complex hydrological modelling (Cosgrove et al. 
2008; Dettinger et al. 2015). These more advanced indicators have shown evidence of problem 
severity in the form of increased water scarcity, as well as the potential for changes in 
precipitation, decreased snowpack, and earlier spring runoff due to climate change (Cai et al. 
2015; Dettinger et al. 2015). These projections come with a large degree of uncertainty, as do 
some of the hydrological models, decreasing the predictability (R3) of the flow of resource units 
long-term.  

Both resource and appropriator attributes have changed since prior appropriation 
institutions were first implemented. Given the indicators, understanding, salience, and discount 
rate of the resource at that time, the prior appropriation system made sense to govern 
appropriation strategies and there was no need to conserve, only to prevent waste in order to 
manage the resource appropriately. Now, more accurate indicators and a more accurate common 
understanding show increased scarcity in the system due to exogenous changes and the 
interactions between appropriators and the resource, the resource is salient for more users for a 
wider variety of values, and the future value of the resource has increased. Present values and 
needs based on current attributes of the resource and appropriators elicit preferences to not only 
prevent waste, but to stretch every drop of water as far as possible through conservation. Existing 
water governance institutions disincentivizing conservation no longer fit the current values of 
actors, nor the attributes of the resource and appropriators.  
 Institutional fit occurs when the institution is matched with the characteristics or 
attributes of its environment, including resource and appropriator attributes. More specifically, 
there is fit between a feature of the natural environment and a social or technical property that 
together produce a desired outcome (Cox 2012). The social/technical property may or may not fit 
with the feature, and this affects the achievement of the outcome. Anderies and Janssen (2013) 
view institutional fit similarly, but are less stringent on the specifics, focusing on fit as the 
interplay between institutional arrangements and ecological dynamics and the structure of these 
relationships. Fit does not necessarily have to involve the entire system—fit could occur in one 
outcome and not another in the same system (Cox 2012). In the case of water conservation, the 
availability of water resources and the state laws (based on the doctrine of prior appropriation) 
governing water usage produce an outcome of allocation of water across sectors and individual 
users. When the allocation of water matches the goals, desires, and attributes of system users and 
the attributes of the water resource, there is institutional fit. An undesirable allocation of water 
leads to misfit. Solutions have been proposed to counteract this misfit in water allocation, 
including providing legal incentives and freeing up more water for markets and instream flow, 
which can all occur through conserved water statutes. 
 Interactions between policies and the biophysical context generate feedback, including 
indications of misfit (Anderies and Janssen 2013). Stakeholders in the resource system must first 
notice and accurately interpret the meaning of this feedback, and then have the option in how 
they respond to the feedback. Indicators (R2) of feedback from interactions between the water 
system and state water laws include stress of the resource system as measured by water levels 
and projections and low levels of implementation of various conservation methods. Upon 
observation of the feedback through the indicators, policymakers and water users have the option 
of advocating for and making a change, or adapting, the existing institutions to incorporate this 
feedback and better fit the values and needs of users and the attributes of the resource system. 
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 Even if institutional misfit is recognized and current values indicate a desire for 
institutional change, change may not necessarily occur. The collective action needed to make 
changes such as conserved water statutes may be hindered by the attributes and characteristics of 
the groups of stakeholders involved and heterogeneity across these groups (Ostrom 2010; Poteete 
and Ostrom 2004). While the variety of actors discussed above may agree on the need for water 
conservation, they have different reasons for this need and different priorities in accomplishing 
their goals. For example, agricultural groups, cities, and environmental groups may all favor 
conserved water statutes, but the agricultural groups and cities may want the statute to enter into 
market agreements while the environmental groups want the water to remain in-stream. 
Agriculture has long been a powerful force in Western water politics, so while their support is 
crucial, the support of other groups at times at odds with agricultural interests strengthens the 
argument for change. Despite this barrier, experiencing substantial resource scarcity can lead to 
collective action (Ostrom 2005), and exogenous changes and stressors can often be significant 
enough problems to trigger institutional change (Young 2010). These exogenous changes can 
include factors like technological changes, such as increases in irrigation efficiency, and stressors 
from the environment, such as problems with water supply, drought and climate conditions, and 
streamflow needs.  
 Appropriators need to value a resource highly and have significant incentives (such as 
problem severity) in order to overcome the costs of organizing to make a change. Ostrom (2005) 
describes the rule change calculations appropriators go through in weighing the costs and 
benefits of a rule change. The incentive to change is the difference between the benefits expected 
from a new set of rules and the net benefits of harvesting from the old set of rules. If the 
incentive to change is positive, it must also be greater than the costs of change: the time and 
effort to devise and agree on new rules, the short-term costs of adopting and implementing new 
rules, and the long-term costs of monitoring and maintaining the new rules. The incentive to 
change is different for every actor or group of actors, meaning a coalition of appropriators with a 
high incentive to change needs enough resources to convince a simple majority of state 
legislators to adopt the new rule, for example. The greater the diversity of actors calling for a 
change, the more pressure there is on legislators to act. Assuming the legislators act in the 
interests of their constituents, they should respond to this coalition of actors by advancing the 
proposed reforms, if not also enacting them. The attribute of salience is particularly important in 
the calculation of costs and benefits as the value of the resource to each appropriator directly 
influences their expected benefits or losses from the rule change. Additionally, accurate 
indicators allow appropriators to anticipate and respond to changes that could affect long-term 
benefits. In the context of water conservation in the West, indicators of water stress present 
threats to long-term sustainability of a resource that is highly salient to irrigators and their 
representatives, urban areas, and environmental organizations. The greater the degree of water 
stress indicated, or degree of problem severity, the more likely these actors will be to organize to 
change the rules to avoid future losses of benefits from the resource. 

To summarize, changing values surrounding water usage and the need for water 
conservation have resulted in prior appropriation institutions such as provisions on beneficial 
water usage and forfeiture to no longer fit with the attributes of the resource and appropriators in 
the Western U.S. One method of fixing this misfit between policies and the biophysical 
environment is through institutional change in the form of conserved water statutes. Barriers to 
institutional change in this context include the ability of stakeholders to accurately interpret 
feedback generated by the misfit in the form of indicators and the costs of the collective action 
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necessary to enact change. Recognition of the extent of misfit and the degree of problem severity 
or exogenous stress by heterogenous stakeholders may overcome these barriers.  

Institutional misfit in the context of water conservation in agriculture is reflected in the 
concepts of the lack of legal incentives, water marketing, and streamflow. A lack of legal 
incentives represents values and needs for more technically efficient use and more efficient 
allocation of water across types of uses, which do not fit with the prior appropriation institutions 
related to forfeiture, waste, and beneficial use (as related to instream flow). Water marketing 
demonstrates changing needs to be more flexible with water usage, including when, where, how, 
and by whom it is used. These new needs reflect the changing attributes of both the resource 
system and appropriators. Streamflow, which includes environmental protection and instream 
flow issues, represents institutional misfit because it involves an increase in salience of water left 
in the system for environmental, habitat, aesthetic, or recreational values which was initially 
considered a wasteful and non-beneficial use of water in the prior appropriation system. Problem 
severity is evidenced by indicators of water stress, which consists of water scarcity due to 
changes in demand and available supply, biophysical conditions such as drought or hydrological 
uncertainties, flexibility in the options available to meet current and future water needs, and 
needs and desires for the use of more efficient irrigation technology to stretch supplies further or 
prevent losses in application, storage, or conveyance. A variety of types of actors (see Table 2.3 
for a list or Table 2.4 for groupings of these categories) may recognize the misfit between these 
concepts and the existing governing institutions and recognize the degree of problem severity. 
Actors may then choose to be involved in the change process to correct the misfit (or prevent the 
correction, if they are benefitting from the misfit) if they perceive the costs of participation as 
less than the losses they will incur due to lack of change (or change, if they oppose it). Thus, the 
main theoretical expectation of this paper is: when the recognition of institutional misfit between 
existing institutions and current values and needs are high, perceptions of problem severity are 
high, and a variety of relevant actors recognize and engage with the misfit and problem severity, 
a conserved water statute will be more likely to be adopted. 
  
2.3 Data and contextual exploration 
 
 In order to test the expectations laid out in the previous section, I utilize a strategy 
focused on text documents and qualitative comparative analysis (QCA), with an exploration and  
discussion of the contextual data from the documents followed by the QCA analysis and results. 
I will describe the data collected, then discuss the contextual exploration before introducing the 
QCA methodology. 
 
Data 
 
 The textual data in this study comes from three types of documents: state statutes and 
proposed bill information, academic articles, and newspaper articles. First, current state statutes6 
were reviewed for the 12 Western states in this study to determine the existence of conserved 
water statutes. Legislative tracing through state legislature websites and online archives was then 
used to determine the initial date the statute was enacted and the substance of any subsequent 
amendments, including obtaining the text of the statute as originally enacted and the text of any 

 
6 Current as of April 2020. Academic articles were also collected in April 2020, and newspaper articles were 
collected in October 2020. 
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relevant amendments. Then, online state legislative archives and histories were searched to find 
all bills proposed on the topic of conserved or salvaged water as related to water rights, including 
those bills that were ultimately enacted. The text of bills and any other available documents or 
information was also collected, including bill sponsors, the transcripts of hearings and committee 
meetings, and bill status timelines.  
 
 
Table 2.1: Proposed bill status 
 

State Year Bill number Sponsor party Status 

Arizona 1992 SB 1103 D Passed Senate; died in House committee 

California 1979 SB 1042 D Enacted 

Colorado 1991 HB 1110 R, D Passed House; died in Senate committee 

Colorado 1992 HB 1188 R, D Passed House; died in Senate committee 

Colorado 1993 HB 1158 R, D Died in House committee 

Colorado 2014 SB 23 D Vetoed by governor 

Idaho   --   -- -- No action taken 

Montana 1989 SB 450 D Passed both chambers; died in 
conference committee 

Montana 1991 SB 265 R Enacted 

Nevada   --   -- -- No action taken 

New Mexico 1997 HB 1036 D Died in House committee 

New Mexico 2007 SB 461 R Enacted 

Oregon 1987 SB 24 D* Enacted 

Texas   --   -- -- No action taken 

Utah   --   -- -- No action taken 

Washington 1991 SB 5736/HB 
2026 R, D Enacted 

Wyoming 2013 SB 150 R Died in Senate committee 
Note: In the Sponsor party column, D = Democrat and R = Republican. 
*Sponsor information unavailable. The bill was carried to the floor of each chamber by a Democrat. 

 
 
 Five states were found to have conserved water statutes. Of the seven remaining that do 
not have conserved water statutes, three have proposed bills attempting to enact a statute, and 
four have taken no action. A summary of bills proposed by state and their status appears in Table 
2.1, along with the four states that have taken no action. The first state to adopt and propose a bill 
was California in 1979, and the most recent adoption was New Mexico in 2007. Colorado made 
the most recent attempt in 2014, which was vetoed by the governor.  
 Academic articles were collected next through searches of the databases Web of Science 
and Hein Online to provide contextual insights on water conservation in agriculture and 
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conserved water statutes from scholars. Web of Science contains a wide variety of scholarly 
articles but does not provide good coverage of articles appearing in law reviews and other legal 
journals, where a significant portion of literature on water law exists. Hein Online is a database 
focused exclusively on law and law-related journals and selected laws, treaties, and legal 
documents. For a description of search terms used to find articles in each database, see the 
appendix. Article titles were read to determine the broad relevance of the article (i.e. related to 
water conservation in the Western U.S. as opposed to other locations or in chemistry 
experiments), followed by review of abstracts to determine specific relevance to conserved water 
statutes and barriers to water conservation in agriculture. Eight relevant articles were found in 
Web of Science and 43 relevant articles were taken from Hein Online, for a total of 51 academic 
articles.  
 Newspaper articles were collected through the Nexis Uni database to garner more direct 
information on the issues related to water conservation in agriculture, the salience of these issues, 
and how stakeholders and the public viewed and responded to agricultural water conservation 
issues. A number of studies in public policy literature, including policy adoption, utilize 
newspaper articles as a source of data on topics, conflicts, concepts, and actors involved in policy 
debates (Berardo et al. 2020; Gilardi et al. 2021; Yordy et al. 2019). Specific search terms are 
listed in the appendix. Opinion and editorial articles were included when relevant to capture 
discussions surrounding water conservation and perceptions of the fit of existing law on 
conserved water and proposed changes. Initial searches resulted in 613 articles. Relevance was 
determined simultaneously with coding as a pre-step in the coding procedure by reading the title 
and skimming the article, resulting in a final total of 51 relevant news articles.  
 
Coding procedure  
 
 Academic articles were coded first, followed by proposed bills, with newspaper articles 
last, all by a single coder (the author). The goal of coding these documents was to obtain 
information on the issues being discussed surrounding water conservation in agriculture and the 
actors involved in these discussions and actions taken on the topic. Table 2.2 provides a 
description of the issue categories, and a list of categories of issues and actors can be seen in the 
descriptive statistics in Table 2.3. A preliminary list of categories for issues and actors was 
developed prior to coding based on the literature (Behnampour 2011; Bell 2006; Schempp 2009; 
Tarlock 2001; Woodard 2016) and further refined during the coding of the academic articles, in 
line with manual coding procedures in other studies (Evensen et al. 2014). Issues and actors were 
coded as present if the issue or actor was mentioned in the article, regardless of the tone—e.g. if 
instream flow and the Nature Conservancy were mentioned, instream would be coded as present 
regardless of whether the discussion indicated a conserved water statute would help instream 
flow or harm it, and the Nature Conservancy would be coded as present whether they supported 
or opposed a conserved water statute. Coding the presence or absence of topics or actors is 
consistent with article coding in other policy studies and reflects the salience and amount of 
attention paid to various topics (Blair et al. 2016; Blair et al. 2015).   
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Table 2.2: Description of issue categories 
 

Issue category Description 

Legal definitions Degree of clarity in how states define relevant water concepts, such 
as conservation, conserved water, instream flow, or beneficial use 

Lack of legal incentives 

The institutions related to water conservation in agriculture that 
make conservation more difficult or unattractive or the lack of 
institutions that encourage conservation, including forfeiture 
provisions, who has the right to conserved water, transfer provisions, 
the priority date of conserved water, or the related administrative 
processes. The variable name is shortened to “legal incentives” in 
the analysis portion and a higher value represents more attention 
paid to this issue. 

Instream flow Any references to streamflow levels regardless of purpose (or lack 
of identified purpose), including recreation and water quality. 

Environmental protection 

Factors from the natural environment that are affect by conservation 
practices such as vegetation, wildlife, ecosystem health, or the 
survival of these systems into the future. Water quality should be 
included here when not a result of low streamflow levels. 

Return flow/no-injury rule 
Issues related to the water that flows back to the source after use and 
the effects this water has on other users (also known as third parties), 
both human and non-human. 

Water scarcity 
Water allocation and shortages, including due to changes in demand 
from or between different types of uses or a reduction in supply 
availability. 

Flexibility/adaptability 

The ability of various users to respond to changes in water 
availability and the variety of options available, including 
transaction costs of responding, water storage, and discussions of 
future water needs or uses. 

Biophysical conditions Conditions of the climate, land or hydrological system that influence 
water conservation, including drought or aquifer depletion. 

Water markets Includes all types of transfers between water users or to instream 
users and related concepts such as water banking. 

Water usage and efficiency 

Water waste or best practices on water usage and efficiency, 
including discussions of irrigation technologies available, reductions 
in conveyance or evaporation losses, or funding for these 
improvements 

Other Any issues that do not fit the above categories. 

 
 

All three types of documents followed this basic coding procedure: 
1. Record basic information as available, such as author, date, publication, and state or 

states discussed in the article. 
2. List out all issues related to water conservation mentioned in the article, including those 

related to situations that will benefit from water conservation in agriculture or be harmed 
by it. 

3. List out all actors mentioned in the article as being involved in the issues identified in the 
previous step.  
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4. Code issues and actors into pre-identified categories, with a 1 indicating the presence of 
an issue or actor in that category, 0 otherwise.  

Coding of proposed bills and accompanying legislative documents, when available, also included 
the final status of the bill, the political parties of the bill sponsors, and the committees reviewing 
the bills. Newspaper article coding also included the degree of relevance of the article—direct or 
indirect—to note whether the article specifically mentioned a conserved water statute or the legal 
status of conserved water (direct) or only discussed broader issues with the status of water 
conservation in agriculture (indirect). Table 2.3 displays the percentages of articles mentioning 
each issue or actor type by statute status. 
 
2.4 Contextual exploration 
 
 The documents analyzed in this study provide support for the main theoretical arguments 
in this paper. I will characterize the key factors at play for each group of states (adopters, failed 
adopters, and no action) using information from reading of the coded documents. 
 
States enacting conserved water statutes 
 
 Five states have enacted conserved water statutes, with California being the first to adopt 
in 1979. One of the goals of the statute in California was to encourage water transfers, 
particularly those exporting water from agriculture, and drought in the 1970s lead to agricultural 
water conservation and water transfers to be “hot topics” for the legislature (Cordua 1997). 
Despite this motivation, there was still controversy over the balance between conservation and 
the no-injury rule before the statute was passed as discussed in an academic article:  
 
“Junior appropriators argued that incentives to conserve should not allow senior users to profit 
from past wasteful practices. Senior appropriators countered that few water users would invest in 
conservation if their efforts could lead to forfeiture and the water they saved could not be 
transferred” (Cordua 1997, 602).  
 
Evidence of this controversy in the news articles was not nearly as present as the importance of 
conserved water transfers—nearly all news articles mentioned water transfers or water marketing 
as a solution to California water problems, including in meeting water obligations for the 
Colorado River Compact and the San Luis Rey Indian Water Rights Settlement Act and as a part 
of state water planning. A number of news articles covered subsequent uses of the statute, 
especially high-profile transfers like the agreement between the Metropolitan Water District (Los 
Angeles) and the Imperial Irrigation District. Facilitating and providing incentives for water 
transfers demonstrates motivation to make the water governance institutions better fit with 
modern values and needs, with drought and supply issues and obligations being severe enough to 
overcome objections to change.  
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Table 2.3: Percentage of articles mentioning issues and actors by statute status 
 

Issues and actors Statute 
Enacted 

Proposed 
bill only 

No 
action 

Legal definitions 38.33 33.33 21.43 

Lack of legal incentives 55 69.7 50 

Instream flow 58.33 39.39 42.86 

Environmental protection 36.67 15.15 71.43 

Return flow 46.67 66.67 42.86 

Water scarcity 51.67 30.3 78.57 

Flexibility 8.33 15.15 21.43 

Biophysical Conditions 11.67 6.06 57.14 

Water markets 48.33 33.33 42.86 

Usage and efficiency 45 48.48 57.14 

Other issues 26.67 9.09 35.71 

Water districts 31.67 36.36 57.14 

Farmers and irrigators 38.33 48.48 42.86 

Local government 20 27.27 64.29 

State agencies 75 39.39 50 

State legislatures or courts 75 69.7 64.29 

Federal agencies 41.67 9.09 35.71 

Tribal governments 6.67 3.03 0 

Environmental groups 28.33 33.33 28.57 

Agricultural groups 16.67 27.27 21.43 

Other interest groups 11.67 27.27 14.29 

Professionals 11.67 6.06 28.57 

Other actors 5 6.06 14.29 

Total number of articles 60 33 14 

 
 
 Marketing of conserved water was much less important in the other states with conserved 
water statutes, with the possible exception of New Mexico (3 out of 5 articles coded referred to 
markets). All five of these states mentioned a lack of legal incentives in the bill documents for 
their successful attempts, indicating recognition of institutional misfit by the legislature. Problem 
severity was recognized as well, as evidenced by discussions of water planning, meeting 
interstate agreements, and discussions of water scarcity and supply issues. More actors tended to 
be involved in discussions in these states. The environment and instream flow also appeared to 
play a role, especially for the Pacific Northwest states of Washington and Oregon, as well as 



 

38 
 

Montana and New Mexico to a lesser degree. In the Pacific Northwest, fish habitat was discussed 
in half of the articles on these states and maintenance of instream flow in nearly all articles, 
likely due to the importance of local fish populations, including salmon (Coveli et al. 2017). 
Interestingly, environmental issues such as habitat did not seem to make it to the legislature as 
evidenced by bill documents for Washington and Montana, though instream flow was discussed 
in Montana. The legislatures may not have perceived this type of misfit as important or may not 
have received and correctly interpreted the feedback from interactions between prior 
appropriation institutions and environmental needs, as compared to scholars and journalists 
(Anderies and Janssen 2013; Cox 2012).  

However, it is interesting to note that in some of the news articles on these states 
published since a conserved water statute was enacted, there are still perceptions about a lack of 
legal incentives to conserve and fears of forfeiture. For example, a news article from Washington 
covers a dialogue between a local farmer group and a local environmentalist, where the farmers 
detail these concerns:  
 
“Farmers are conserving water, but are limited by outdated water laws…our state’s water code 
discourages farmers from conserving…If [farmers] don’t use all they are allowed, they stand to 
lose the right to that water” (Hirst 2015).  
 
It is possible these farmers are not aware of the statute, or the water trust program utilized by 
Washington to implement the conserved water statute is unsatisfactory. The water trust program 
in Washington provides financial assistance to water rights holders to conserve water, but the 
rights holders must then negotiate with the state over the proportion of conserved water they get 
to keep. This program may be perceived as a threat to some irrigators since the state takes some 
of the conserved water.  
 
States proposing but not enacting conserved water statutes 
 
 Arizona, Colorado, and Wyoming have all had bills proposed for conserved water 
statutes but have never successfully enacted one. Colorado has attempted to enact a conserved 
water statute at least 4 times, with the most recent in 2014 passing the legislature, only to be 
vetoed by the governor, but little information is available on the attempts in Arizona and 
Wyoming. The most prevalent concern over conserved water statutes in Colorado has been 
reduced return flows and fears of injury to vested water rights, although the academic literature 
also identifies issues due to higher transaction costs of the water courts system of adjudication in 
Colorado, the amount of water Colorado has compared to other states that have passed statutes, 
and hydrologic uncertainties over return flow (Behnampour 2011; Honhart 1994).  
 The 2014 Colorado attempt to enact a conserved water statute, Senate Bill 23 (SB 23), 
provides an example of the controversy over return flow. A number of relevant stakeholders 
offered their views at legislative committee hearings over SB 23, as recorded in the bill 
documents. While environmental groups were largely in support of the bill, agriculture groups 
and water associations and districts were split. For example, the Colorado Cattlemen’s 
Association supported the bill, while the Colorado Farm Bureau opposed the bill in its final 
form, after initially supporting it. Both groups expressed concern over impacts on return flow 
and downstream users, with the Farm Bureau also concerned about additional costs to water 
rights holders, the shift in water policy in the state the bill represented, and how non-
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consumptive use would be quantified. The city of Greeley opposed the bill for similar reasons. 
The Colorado River Water Conservation District opposed the bill due to changes in the terms of 
instream water use and the potential to affect downstream flow levels—indicating concerns that 
impacts to return flow would cause injury to the environment in the form of low flow levels. 
 According to the news articles out of Colorado, the goal of the bill was to increase 
streamflow by providing incentives to conserve or increase technical efficiency voluntarily, 
while opponents feared it would “steal” water rights from downstream users (Ashby 2014). The 
governor of Colorado at the time, John Hickenlooper, apparently shared the sentiment of the 
opponents. He vetoed the bill due to a lack of support from agriculture and water groups and 
concerns over return flow, with a veto letter stating:  
 
“Despite these efforts, there was a breakdown in consensus toward the end of the legislative 
session that divided the water community and, in our view, would make implementation of the 
policy more difficult…important questions remain about how best to expand the state's in-stream 
flow program without creating injury or cost to downstream users, principally in agriculture” 
(Hickenlooper 2014, also quoted in Bartels 2014 and Cheek 2014).  
 
Conservation and environmental groups reacted angrily to the veto, calling it a “failure to lead” 
due to Hickenlooper’s previous commitments to work on water conservation issues in the state 
and indications that his administration supported the bill. The Clean Water Fund went as far as to 
buy ads in local newspapers and fly a banner with the words “failure to lead” over several events, 
including a Colorado Rockies baseball game and the Western Governors Association 
Conference. Opponents of the bill were pleased to hear of the veto, with a representative of the 
Colorado River Water District saying the bill was “too costly and likely ineffective.” Discussion 
of another attempt to enact legislation encouraging water conservation began almost immediately 
with a focus on first conducting a pilot program. Another representative of the Colorado River 
Water District expressed uncertainty about the likelihood of future attempts at such programs, as 
“the only way anything good happens is through near unanimous consensus” (Schrantz 2014).  
 Colorado appeared to have all the right conditions in place in 2014 to enact a conserved 
water statute, from recognition of institutional misfit to the involvement of a variety of actors, 
whether these actors supported the bill or not. The heterogeneity in actor interests likely 
prevented achieving a higher degree of consensus despite the bill passing the legislature, and 
issues affecting water rights may require greater consensus to be successful—“near unanimous”, 
as evidenced by the quote from the representative of the Colorado River Water District (Schrantz 
2014). This is in line with studies in the collective action literature demonstrating group 
heterogeneity as a barrier to successful collective action (Ostrom 2010; Poteete and Ostrom 
2004). Additionally, the trust and reciprocity attribute (A4) of appropriators may have been 
affected by the outcome (Ostrom 2005). The bill documents and news articles indicated that the 
development of the bill involved numerous discussions between legislators and interested parties 
for as long as 10 months (Bartels 2014; Cheek 2014; Schrantz 2014). A number of actors who 
opposed the bill were not opposed to the premise—incentivizing technical efficiency in the use 
of agricultural water—but were worried about harm to others and the costs to users to investigate 
if they are being harmed by water conservation (Cheek 2014; Schrantz 2014). Proponents of the 
bill possibly did not build up enough trust with opponents over their concerns. The resulting 
outcomes also likely damaged the reputations and trust on both sides. Opponents may lose trust 
in legislators for choosing to pass the bill without satisfying their concerns, and supporters may 
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lose trust in the governor for disregarding their work on the bill and vetoing a bill that he 
allegedly supported (through indications from his staff, Cheek 2014), impacting his reputation 
for commitment to resolving water issues. This damage may make coordination on future 
attempts at conserved water statutes or other water policies more difficult.  

Concerns over impacts to return flow and the potential for injury to downstream users 
clearly played a role in the division among stakeholders and the governor’s veto. However, the 
language in SB 23 is far more explicit in protecting third parties and downstream users from 
injury than other proposed or enacted conserved water statutes. Other statutes and proposals 
either simply state that the use of the conserved water must not injure other users or refer to other 
portions of the state code that prohibit injury to other vested water rights, such as code on water 
transfers. According to the final bill text, in order for a water judge to approve a change of water 
right for water efficiency savings, the conserver must notify owners of vested and decreed 
conditional water rights in the same stream reach of the application for change and:  
 
“The change will not materially injure vested water rights or decreed conditional water rights and 
stream conditions are maintained in time, place, and amount, including replacement of return 
flows, as necessary to avoid such injury” (Bill Section 2, 37-92-305 sect. 3.3(a)(I)(C))  
 
Additionally, the decree granting the change must also identify:  
 
“All terms and conditions necessary to avoid injury. If there are vested water rights or decreed 
conditional water rights between the upstream terminus and downstream terminus of the 
identified instream flow reach, the water judge shall ensure the maintenance of the stream 
conditions on which such intervening water rights historically relied, including replacement of 
return flows in the identified reach, as necessary to avoid material injury” (Bill Section 2, 37-92-
305 sect. 3.3(a)(II)(D)).  
 
This is far more language on injury and return flow than other conserved water legislation, and it 
requires the change decree to include the measures needed to avoid injury. It is also clear that the 
impacts to return flow are not clearly understood by all parties (appropriator attribute A2), and 
even with advances in hydrology, uncertainty remains surrounding impacts to return flow 
(Cosgrove et al. 2008), limiting the predictability of the impacts (resource attribute R3). 
 The extra provisions protecting return flow and the rights of other water holders may not 
have been enough protection for opponents of the bill, but it is also possible other factors 
resulted in the bill failure. As compared to states that enacted conserved water statutes, there was 
a surprising lack of discussion over water stress in the bill documents or news articles. The goals 
and motivations for the bill clearly focused on enhancing streamflow and providing incentives 
for conservation or irrigation efficiency improvements, indicating that the issue was highly 
salient for all involved (appropriator attribute A1). While the need for enhanced streamflow and 
conservation implies some degree of water stress, the reasons for this water stress are 
surprisingly absent from much of the discussion. It is possible that opponents of the bill, 
including the governor, did not perceive water stress to be a severe enough problem to warrant 
implementing what they viewed as an imperfect solution at that time—in other words, there was 
still time to develop a solution that satisfied all parties. Losses or costs due to water stress in the 
short-term were not perceived as severe enough to overcome the costs or losses involved in 
implementing a suboptimal rule change (Ostrom 2005). The stakeholders in Colorado recognized 
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the institutional misfit in the form of a lack of legal incentives, but did not yet perceive the 
problem, water stress, to be severe enough to warrant action, as other states had when enacting 
statutes. 
 
States with no action on conserved water 
 
 Despite not taking any action on the status of conserved water, these four states do 
present some of the conditions expected to result in a proposed or enacted conserved water 
statute. Nevada, Texas, and Utah all appear to recognize water stress in news articles, while the 
environment seems to be an important issue in Idaho. Discussions of markets and instream flow 
are also present in articles on Idaho and Texas. However, none of the four states seem to 
perceive a lack of legal incentives or clarity as a significant issue. The absence of a discussion 
over the legal incentives for conservation in these states indicates they are not recognizing the 
institutional misfit. It is also possible that the degree of institutional misfit is lesser in these 
states—the changes in values, needs, and attributes of the resource and appropriators driving 
institutional misfit in other states may be occurring slower in these states or are not present at all. 
I would argue that the changes are present in some form, given the discussions of water 
marketing and instream flow, but the implications of the changes have yet to be realized—in 
other words, they are not receiving or correctly interpreting feedback from the resource 
indicators (Anderies and Janssen 2013; Ostrom 2005). Recognition of institutional misfit in the 
form of lacking legal incentives is a key causal condition for a conserved water statute to be 
proposed, at a minimum. While these four states do recognize problem severity, as water stress, 
this is not enough to motivate a proposal because the connection between the problem and 
institutional misfit has not been made. Additionally, there is little actor involvement in these 
states. Clearly, the attention paid to a lack of legal incentives as institutional misfit is needed to 
have any legislative action taken on the status of conserved water, but only when combined with 
perceptions of high problem severity and the involvement of a variety of actors do perceptions of 
institutional misfit lead to adoption of a conserved water statute.  
 
2.5 QCA data and analysis 
 
Coding data for QCA 
 
 To convert this data into variables for the QCA analysis, data at the article level was first 
aggregated to the level of the decision point. Decision points constitute the cases for the QCA 
analysis in this study and are defined as the points at which decisions are made on institutional 
change, including adopting a conserved water statute, considering a bill for a conserved water 
statute, or taking no action. States that never proposed a bill took no action and only have one 
decision point in the aggregated dataset since they have only ever chosen to take no action. This 
was the case for four states: Idaho, Nevada, Texas, and Utah. The decision points for the rest of 
the states, along with their outcomes, can be seen in Table 2.1. There are a total of 17 decision 
points in this analysis.  
 Issues were aggregated by decision point using a scheme that placed greater weight on 
the information coded from proposed bills. If the bill information mentioned water scarcity, for 
example, then water scarcity was coded as present, or a 1, for the corresponding decision point as 
long as at least one article mentioned water scarcity. If the bill information did not mention an 
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issue or no bills were proposed, then at least 50 percent of the articles corresponding to the date 
of the decision point had to mention the issue or actor for it to be coded as present in the 
aggregated data. For further details on the aggregation scheme, see Appendix A. The aggregated 
issue and actor categories were then used to create the independent variables, or causal 
conditions, for the QCA analysis, as described in Table 2.47. Table 2.5 includes descriptive 
statistics for each of these variables by QCA model, where each version of the dependent 
variable is in its own model. The three versions of the outcome variable, conserved water statute 
status, were created to compare the three possible outcomes—no action, failed statute adoption, 
and successful statute adoption, as also described in Table 2.4. I include these other outcomes in 
the analysis to narrow down the most salient conditions for statute adoption, using the other 
outcomes to identify and eliminate weaker and alternative explanations. For instance, the 
conditions needed to observe a proposed bill will automatically be present for bills that are 
enacted since a law must first be a proposed bill. Exploring the differences in the conditions  
observed between the different outcomes will clarify which conditions are relevant at different 
stages of the policy process and provide further support for the conditions most important for 
adoption, as is consistent with studies of proposed legislation in policy innovation literature  
 (Karch 2012; Karch et al. 2016; Mintrom 1997).  
 
Analysis 
 
 Qualitative comparative analysis (QCA) was used to determine the combinations of 
causal conditions that contribute to a conserved water statute being enacted or proposed. QCA is 
based on set theory and Boolean algebra and is ideal for small to medium datasets (around 10-70 
cases). This method is useful for studying explicit connections and analyzing complex causality 
using configurational thinking, where outcomes may be reliant on different combinations of 
causes or causal “recipes” (Ragin 2008). The first step in QCA is to create a truth table listing all 
possible combinations of conditions, and then output values for the outcome variable are 
assigned based on the proportion of cases in the dataset with that combination that display the 
outcome. Boolean combinatorial logic is then used to minimize the combinations down to those 
combinations sufficient for the outcome, which may include individually necessary or sufficient 
conditions (Ragin 2017).  

In presenting the results, I will include tables of the solutions and their coverage and 
consistency, as well as a discussion of the tables and the necessity and sufficiency of various 
conditions. QCA generates three types of results: complex, intermediate, and parsimonious (for a 
detailed discussion see Rihoux and Ragin 2009, pg. 111). The parsimonious and intermediate 
solutions are the most commonly used; the parsimonious solution displays the minimized 
combinations of conditions causally sufficient for the outcome while the intermediate solution 
also includes theoretically and substantively relevant conditions. I display the intermediate 
solutions to determine if the hypothesized patterns of conditions lead to the outcome, consistent  
 

 
7 The return flow/no injury category was not included as the issue is more nuanced than what this coding measures. 
The other categories reflect needs or motivating factors while the return flow category largely reflects potential 
consequences of the statute. For this reason, coding the presence or absence of discussion of return flow does not 
accurately measure the importance of this issue. Coding based on the perceived impacts of the statute on return flow, 
positive or negative, would be more appropriate for future studies. For now, the discussion section analyzes the 
impact of concerns over return flow in one important case. 
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Table 2.4: Construction of QCA conditions 
 

Causal conditions Criteria to code as “present” 

Legal incentives Lack of legal incentives and legal definitions issue categories BOTH 
coded as 1 

Markets Markets issue category coded as 1 

Water stress At least 2 of the following issue categories coded as 1: water 
scarcity, flexibility, biophysical conditions, or efficiency 

Streamflow Instream flow and environmental protection issue categories BOTH 
coded as 1 

Interest groups Environment interest group and agriculture interest group actor 
categories BOTH coded as 1 

State governments State agencies actor category coded as 1  

Local governments Water districts or local government actor categories coded as 1 

Actor diversity At least 5 actor categories coded as 1, not including state legislatures 
or courts category 

Outcome variables  

Model 1: Statute status Present if a statute was enacted, absent if no statute enacted. All 
decision points included. 

Model 2: Proposed bill status Present if bill enacted, absent if not enacted. States that never took 
any actions excluded. 

Model 3: No statute Present if bill proposed (and failed), absent if no bill ever proposed. 
States that enacted statutes excluded. 

 
Table 2.5: Descriptive statistics of QCA conditions by dependent variable 
 

 Statute status Proposed bill status No statute 

Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 
Legal 
incentives 0.647 0.478 0.846 0.361 0.5 0.5 

Markets 0.529 0.499 0.538 0.499 0.6 0.490 

Streamflow 0.294 0.456 0.231 0.421 0.3 0.459 

Water stress 0.647 0.478 0.615 0.487 0.6 0.490 
Interest 
groups 0.176 0.381 0.231 0.421 0.1 0.3 

State 
governments 0.706 0.456 0.692 0.462 0.5 0.5 

Local 
governments 0.706 0.456 0.692 0.462 0.7 0.458 

Actor 
diversity 0.353 0.478 0.385 0.487 0.2 0.4 

Outcome 
variable 0.294 0.456 0.385 0.487 0.6 0.490 

Number of 
cases 17 13 10 
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with other policy research (Schlager et al. 2021). The parsimonious solutions are included in the 
appendix, but the conditions from parsimonious solutions are included within the intermediate 
solutions as designated by uppercase letters, since all intermediate solutions contain one of the 
parsimonious solutions. The ‘*’ is used to denote the Boolean operator for multiplication AND 
and the ‘~’ is used to denote the operator NOT in both Table 2.6 and the following text. 
Consistency refers to the proportion of cases displaying a given combination of conditions, with 
scores above 0.75 indicating consistency between cases and combinations of conditions. 
Coverage refers to the proportion of cases accounting for the instances of an outcome, or the 
proportion of instances of the outcome that are represented by one causal recipe out of the total 
number of causal recipes, with higher values indicating better coverage (Ragin 2008).  

Necessary conditions are those that must be present for the outcome to occur (Ragin 
2017). They are a superset of the outcome, meaning that all cases included in the outcome are 
present in the set of cases containing the necessary conditions. In tests of necessity, consistency 
scores indicate the degree of necessity of a condition, with a 1.0 meaning the condition is 
necessary, while coverage scores indicate the degree of empirical relevance. A sufficient 
condition produces an outcome by itself but may not be the only condition that can produce that 
outcome (Ragin 2017). In tests of sufficiency, consistency scores indicate the degree to which 
the condition is sufficient, with 1.0 indicating sufficiency, while coverage scores indicate the 
degree of empirical relevance. Including both the solutions and tests of necessity and sufficiency 
in the discussion of QCA results allows for assessment of the influence of both combinations of 
conditions on the outcome and the role of individual conditions within these combinations.  

QCA is an appropriate method for this study since the goal is to assess the combination of 
conditions that lead to conserved water statutes being adopted and gain insight into the context of 
water conservation in agriculture in the Western U.S. Additionally, in line with the qualitative 
nature of QCA, I am analyzing the causes of effects in this study rather than the effects of causes, 
as is typical of quantitative research. In other words, examining the causes of effects focuses on 
the causes and combinations of causes of the outcome variable, conserved water statutes, rather 
than what effect individual variables such as water stress have on the propensity to adopt 
conserved water statutes (Goertz and Mahoney 2012). The fsQCA software (version 3.0) 
designed by Charles Ragin was used to complete the analysis.  

I operationalize the theoretical expectations of this chapter for the QCA analysis through 
combinations of the conditions in Table 2.4. While these are based on the main theoretical 
expectation of this paper, they are specifically derived from the contextual exploration of the 
academic and newspaper articles. I expect the following relationships among these conditions, 
also expressed in Boolean logic: 
 
Hypothesis 1: The conditions leading to the adoption of a conserved water statute include 
recognition of either inadequate legal incentives and clarity or the need for water markets and 
recognition of indicators that water stress is high, where legal incentives and water markets 
represent a lack of institutional fit and water stress indicates problems severity. 
Lack of legal incentives OR water markets AND high water stress  conserved water statute 
 
Hypothesis 2: The conditions leading to the adoption of a conserved water statute include 
recognition that environmental and streamflow needs are not met or adequately protected under 
current water institutions and recognition of  indicators that water stress is high, where 
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environmental and streamflow needs indicate institutional misfit and water stress represents 
problem severity. 
Streamflow AND high water stress  conserved water statute 
 
Hypothesis 3: The conditions leading to the adoption of a conserved water statute include the 
involvement of relevant stakeholders, as represented by one of the following groups: actors of 
diverse types and interests, agricultural and environmental interest groups, or state or local 
governments. 
Diverse actors OR interest groups OR state OR local governments  conserved water statute 
 
These hypotheses can be combined to represent two alternative paths to the main theoretical 
expectations of the paper, that the combination of institutional misfit, problem severity, and 
involvement of relevant actors are the conditions likely to lead to a conserved water statute. 
 
Path 1: Lack of legal incentives OR water markets AND High water stress AND diverse actors 
OR interest groups OR state OR local governments  conserved water statute 
 
Path 2: Streamflow AND high water stress AND diverse actors OR interest groups OR state OR 
local governments  conserved water statute 
 
2.6 Results 
  

A QCA model was run for each version of the dependent variable along with the negation 
of that model. This section will interpret the results of each model, and the next will apply the 
results to evaluation of the hypotheses and theoretical expectations of this study.  
 
Existence of conserved water statute 
 
 The first QCA model, Model 1, includes all 17 decision points, where the outcome is 
measured as a conserved water statute being enacted, or not. Table 2.6a displays the intermediate 
solutions for Model 1a. The model-level solutions display good consistency (1.0) and coverage 
(1.0) in the first model, and all subsequent models. One combination that stands out in this model 
is legal incentives*water stress*state governments, which appears in all of the intermediate and 
parsimonious solutions (remember that the presence of the variable legal incentives indicates the 
lack of legal incentives is receiving more attention). This combination of conditions then appears 
necessary for conserved water statutes to be enacted. Testing of necessity and sufficiency of 
these three conditions indicates that individually they are necessary conditions (consistency 
scores of 1.0), but not as empirically relevant (coverage scores of around .4). This combination is 
sufficient and empirically relevant (consistency and coverage scores of 1.0), and legal 
incentives*water stress plus either interest groups of actor diversity are both sufficient, though 
less empirically relevant (coverage scores of .4 and .6, respectively). It is interesting that multiple 
actor groups appear with legal incentives*water stress, meaning they may be substitutable 
groups. In the negated model, Model 1b (Table 2.6b), ~legal incentives, ~water stress, and ~state 
governments do not appear in combination but appear individually in the parsimonious model 
(and in the intermediate model in the case of ~water stress). Necessity tests of the negated 
versions of these conditions indicate that individually they are each only a superset of 50 percent  
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Table 2.6: QCA intermediate solutions 
 

a. Model 1a: Statute status 

Statute status = Legal incentives*Markets*Streamflow*Water stress*Interest groups*State govts.*Local govts.*Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
Coverage 

(1) P p  P  P p  0.2 

(2) P  p P  P p  0.2 

(3) P   P p P  p 0.4 

Solution coverage: 1.0; Consistency: 1.0 

b. Model 1b: ~Statute status 

~Statute status = ~Legal incentives*~Markets*~Streamflow*~Water stress*~Interest groups*~State govts.*~Local govts.*~Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1)    A     0.25 

(2) A    a   a 0.083 

(3)   a  a A  a 0.167 

(4) A a a  a    0.083 

Solution coverage: 1.0; Consistency: 1.0 

c. Model 2a: Proposed bill status 

Proposed bill status = Legal incentives*Markets*Streamflow*Water stress*Interest groups*State govts.*Local govts.*Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1) p p  P  P p  0.2 

(2) p  p P  P p  0.2 

(3) p   P p P  p 0.4 

Solution coverage: 1.0; Consistency: 1.0 
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d. Model 2b: ~Proposed bill status 

~Proposed bill status=~Legal incentives*~Markets*~Streamflow*~Water stress*~Interest groups*~State govts.*~Local govts.*~Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1)    A     0.5 

(2)   a  a A  a 0.375 

Solution coverage: 1.0; Consistency: 1.0 

e. Model 3a: No statute (Failed bill) 

No statute = Legal incentives*Markets*Streamflow*Water stress*Interest groups*State govts.*Local govts.*Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1) P        0.5 

(2)  p A p  A p  0.167 

Solution coverage: 1.0; Consistency: 1.0 

f. Model 3b: ~No statute (~Failed bill) 

~No statute = ~Legal incentives*~Markets*~Streamflow*~Water stress*~Interest groups*~State govts.*~Local govts.*~Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1) A  P  a   a 0.25 

(2) A    a P  a 0.0 

(3) A a a  a P   0.25 

 Solution coverage: 1.0; Consistency: 1.0 
Note: The * represents the operator AND; ~ represents negation or NOT. Conditions are shown in the columns with solutions for each model in the rows. ‘P’ 
represents the presence of the condition and ‘A’ represents the absence, with uppercase letters indicating the conditions from the parsimonious solutions and 
lowercase those not in the parsimonious solutions. Conditions not present in the solutions are not shown here, as represented by an empty cell. The solutions 
represent configurations of conditions when multiple conditions are part of a solution. For example, Solution (1) of Model 3b would read: less attention paid to 
legal incentives and more discussion on streamflow and fewer interest groups involved and lower diversity of actors involved results in no failed bills 
proposed, where the upper case letters in this solution represent the combination of less attention to legal incentives and more discussion on streamflow as one 
of the parsimonious solutions. See the text for explanation of coverage and consistency and further explanation of interpretation of the model.  
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or less of the outcome but are empirically relevant (coverage scores of 1.0). They are, however, 
individually sufficient, indicating the individual importance of the absence of the conditions in 
contributing to the absence of a conserved water statute. 
 
Successful proposed conserved water statutes 
 
 Model 2 includes all decision points where a bill was proposed, with the outcome being a 
successful bill (enacted into law), or not, for a total of 13 cases. Table 2.6c shows the 
intermediate solutions for Model 2a, which are identical to Model 1a. This is not surprising since 
this dataset is a subset of the dataset in the first model, and it demonstrates the different versions 
of the dependent variable are consistent with each other. Interestingly, the parsimonious solution 
does differ—legal incentives is no longer present, though the solution-level coverage and 
consistency scores remain the same. Testing of necessity indicates again that legal incentives, 
water stress, and state governments individually are necessary (consistency scores of 1.0), but 
water stress is more empirically relevant (.625) than legal incentives (.455) or state governments 
(.556). The legal incentives*water stress*state governments combination shows the same results 
on the sufficiency test as Model 1a, but the parsimonious solution of Model 2a, water stress*state 
governments is sufficient (1.0) and empirically relevant (coverage score of 1.0). 
Streamflow*water stress (streamflow is the variable for environment) is also sufficient, but less 
relevant (coverage of .4). The negated version in Table 2.6d, Model 2b, is similar to Model 1b, 
except ~legal incentives is not a parsimonious solution, so the intermediate solutions containing 
~legal incentives in Model 1b do not appear in Model 2b. ~Legal incentives, ~water stress, and 
~state governments are sufficient conditions individually in Model 2b (coverage scores of .25, 
.625, and .5,  respectively). Necessity and sufficiency tests also showed high consistency (most 
above .7) and coverage (most above .7) for individual negated actor groups, indicating the 
importance of the effect of the absence of actors from the process of turning a conserved water 
bill into an official statute.  
 
No conserved water statute enacted 
 
 Model 3 includes only the decision points for the states that have never enacted a 
conserved water statute, where the outcome is a proposed bill (that fails), or not, for a total of 10 
cases. The results in Model 3a diverge from the previous models, as shown in Table 2.6e. Legal 
incentives is a solution by itself, but with lower coverage (0.333). Tests of necessity indicate the 
relevance of legal incentives in this model, with this solution being a superset of 83% of cases 
with the outcome of a proposed bill and high empirical relevance (1.0). In terms of sufficiency, 
legal incentives are a sufficient condition (consistency score of 1.0) and relevant (.833). 
Interestingly, in this model, the negation of two conditions is part of a solution: 
~streamflow*~state governments, but the coverage of this particular solution is low (.167). 
However, this combination is sufficient (sufficiency test consistency score of 1.0) and relevant 
(.667). In the negated version shown in Model 3b (Table 2.6f), ~legal incentives appears in all 
combinations for both the intermediate and parsimonious solutions, along with some 
combination of actor groups. In tests of necessity and sufficiency, ~legal incentives appears 
highly relevant: 100% of the outcome is part of the ~legal incentives superset, indicating it is a 
necessary condition, with high empirical relevance (.8), though it is not entirely sufficient 
(consistency score of .8 in sufficiency test). The combinations of ~legal incentives and state 
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governments, local governments, ~interest groups, or ~actor diversity also score high in 
sufficiency tests, with scores of at least .75 on both coverage and consistency.  
 
2.7 Discussion 
 
 These results demonstrate support for the main theoretical expectation in this study. 
Hypotheses 1 and 3 are supported, as is the Path 1 combination of hypotheses. Hypothesis 2 and 
Path 2 have little support.  
 
Hypothesis 1: legal incentives OR water markets AND water stress 
 
 Model 1 (both a and b) supports this hypothesis, mainly through the combination of legal 
incentives*water stress, as discussed in the results section. Model 2 also provides support, 
although not as strong since this combination is only present in the intermediate model, not the 
parsimonious model. This is due to the increased relevance of water stress in this model. Model 3 
provides less support, but attention paid to legal incentives is clearly still important in leading to 
a bill being proposed. Taken together, the results of these 3 models demonstrate the importance 
of the combination of legal incentives*water stress, or recognition of institutional misfit coupled 
with problem severity. Recognition of the lack of legal incentives and clarity surrounding the use 
of conserved water is needed to motivate consideration of a conserved water statue in the form of 
a proposed bill. To go from bill to law, problem severity must be perceived as high enough to 
merit action. 
 
Hypothesis 2: streamflow AND water stress 
 
 Model 1 provides very little support for Hypothesis 2. The combination of 
streamflow*water stress only appears within one solution in the intermediate solution, but this 
solution also contains the legal incentives variable. Model 2 provides moderate support because 
streamflow*water stress is a sufficient combination, but with low empirical relevance (.4). 
Neither condition is individually sufficient, indicating that the combination is more important 
than the parts. In the negated model, ~streamflow*~water stress is also sufficient, but this is due 
to ~water stress being sufficient alone. Model 3 provides no support due to ~streamflow being a 
part of the solutions in the non-negated version.  
 
Hypothesis 3: diverse actors OR interest groups OR state OR local governments 
 
 Model 1 provides support for this hypothesis, with each individual condition providing 
some support. Testing the necessity of the recipe in this hypothesis indicates that 1 of these 
conditions is necessary for a conserved water statute to exist and that they are substitutable. Each 
group of actors appears as part of the solutions in this model, and the absence of these conditions 
is also part of the solutions in the negated model. Model 2 also supports the hypothesis with 
results very similar to Model 1. Model 3 provides little support, as ~state governments is part of 
the solutions although the coverage is low. This indicates that the involvement of various actor 
groups is more relevant in getting a bill to become law.  
 
 



 

50 
 

Paths to a conserved water statute 
 
 The results indicate that the combination of institutional misfit, problem severity, and 
actor involvement is likely to lead to a conserved water statute, most often in the form of Path 1, 
when the misfit identified is in the lack of legal incentives for conservation. This supports the 
main theoretical expectation of this paper. Models 1 and 2 both show one main version of this 
path: legal incentives*water stress*state governments. This causal combination is sufficient for 
an outcome of a conserved water statute being enacted. This path breaks down in Model 3, with 
legal incentives remaining and none of the actor groups present in any solutions. As discussed 
with Hypothesis 1, recognition of institutional misfit in the form of a lack of legal incentives may 
be enough to lead to a bill being proposed, but problem severity, as water stress, needs to be 
present for the bill to become law, in addition to at least one of the actor groups, usually state 
governments. Path 2, with streamflow as the indicator of institutional misfit, is found in few of 
the solutions, for a similar lack of support as Hypothesis 2. Concerns over environmental 
protection and instream flow do not appear to be as strong of an indicator of a lack of 
institutional fit between values and the prior appropriation system regarding causes of conserved 
water statute adoption. This does not mean that this is not a sign of institutional misfit; it is just 
not part of the most likely causal path to a conserved water statute. Only one operationalization 
of institutional misfit leading to a conserved water statute shows that there may be trade-offs 
between types of institutional fit (Cox 2012), and stakeholders may have more tolerance for 
ecological misfit than social misfit (Epstein et al. 2015)8.  
 
2.8 Conclusion 
 
 The goal of this paper was to determine why some states have adopted conserved water 
statutes and not others and the factors leading a state to propose or adopt one of these statutes. I 
expected that the combination of institutional misfit, problem severity, and actor involvement 
would lead to adoption of a conserved water statute, with recognition of institutional misfit 
leading to a conserved water bill being proposed and problem severity and actor involvement 
providing the means to overcome barriers to institutional change to lead a proposed bill to 
become law. These expectations were supported by the results of the document and QCA 
analyses. Specifically, incentives to conserve from the law were recognized as needed to correct 
institutional misfit and get a bill proposed. High degrees of water stress and involvement of 
diverse actors, state, or local government actors were needed to overcome collective action 
problems and vested interests to pass a bill into law. Water marketing, environmental protection, 
instream flow, and interest groups were not usually causes of a proposed bill or enacted statute, 
but were still present in discussions. Controversy over the potential of impacts from conserved 
water statutes on return flow or injury to downstream water users were a significant barrier to 
enact a statute in at least one case (Colorado 2014), although another overcame this barrier 
(California 1979). This study is limited by the availability of data on proposed bills and news 
articles, especially beyond the past two decades. The documents used may not include every 
proposed bill or the legislative actors involved or include the universe of relevant news articles. 

 
8 Ecological fit/misft refers to the congruence between institutions and the ecological or biophysical conditions they 
are addressing, while social fit/misfit refers to the match between institutions and the preferences, values, and needs 
of human actors (Epstein et al. 2015). 
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However, the data used still provide a representative picture of the circumstances surrounding 
the status of conserved water in agriculture.  
 These findings contribute to both the literature and policymaking. The results indicate the 
importance of including proposed legislation in analyses due to the differences in conditions 
influencing proposal or passage of a bill, supporting other literature analyzing proposed 
legislation (Karch 2012; Karch et al. 2016; Mintrom 1997). Additionally, this analysis 
demonstrates the ability of problem severity to overcome barriers to institutional change, along 
with the presence of a variety of relevant stakeholders in the discussions, supporting ideas that 
exogenous stressors may trigger institutional change (Young 2010) and group heterogeneity may 
not always hinder collective action, though more research is needed to determine if this is due to 
reputation, trust, and reciprocity (Ostrom 2010). This study also provides insight into how 
resource system users respond to institutional misfit as a result of changing resource and 
appropriator attributes (Anderies and Janssen 2013; Cox 2012; Ostrom 2005), but the 
effectiveness of these statutes in actually correcting the institutional misfit has yet to be 
examined.  

The intentions of policymakers in enacting these statutes are to correct the misfit by 
encouraging water conservation, in hopes of alleviating water stress. The problem severity 
identified in this chapter is operationalized as water stress, which consists of scarcity due to 
changes in demand across sectors, a need for greater flexibility in water allocation across sectors, 
more efficient irrigation technology to stretch supplies further, and changing biophysical 
conditions. This focus on how water is allocated across sectors or needs indicates that 
policymakers, and stakeholders such as cities and environmental groups, believe that conserved 
water statutes will free up water in agriculture that can be allocated to other uses. This focus 
indicates the goal of policymakers in enacting these statutes is to increase allocative efficiency, 
or the maximization of the benefits to society from water usage, usually by allocation to the 
highest value uses (Allan 1999; Huffaker and Whittlesey 2000). This is in contrast to technical 
efficiency, or increased efficiency in water application, which is usually the type of efficiency 
that results from implementing water conservation in agriculture, specifically more efficient 
irrigation technologies (Tarlock 1987). Increased technical efficiency in irrigation has actually 
been shown to increase consumptive water usage in agriculture (Grafton et al. 2018), so 
proponents of conserved water statutes may be unintentionally supporting a very different 
outcome due to a misunderstanding of the complexities of water conservation and efficiency. 
While conserved water statutes may appear to correct the misfit between prior appropriation 
institutions and needs and values for water conservation and use, it is not clear if they function as 
intended once implemented and improve allocative efficiency. If not, these statutes may result in 
further misfit or maladaptation to problems of water stress.  
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Chapter 3: Conservation, irrigation, and a paradox: Effects of conserved 
water statutes on irrigation efficiency and agricultural water usage 
 
 
 
3.1 Introduction 
 
 When faced with water scarcity, water managers have two options: find more water or 
decrease demand. Finding more water, or supply enhancement, has been the dominant strategy in 
the U.S. including drilling wells and building large water projects such as dams or inter-basin 
transfer infrastructure (Griffin 2006). However, as water supplies have become strained due to 
population and economic growth, increased environmental demands, and climate change threats, 
demand management has become necessary, often through conservation and increasing technical 
efficiency in water use. Agricultural water usage has often been a target for calls for increased 
water conservation since about 80 percent of water rights in the Western U.S. are held by 
agricultural water users (Libecap 2011).  
 A number of strategies have been suggested and employed to varying degrees, from 
conservation to water markets. The prior appropriation institutions that have governed the 
appropriation and usage of water for a century or more have been increasingly scrutinized in 
whether they are conducive to these strategies. A number of legal scholars contend that the 
system disincentives conservation due to the “use it or lose it” principle and the lack of 
specification in the doctrine as to who has a right to the water that is conserved (MacDonnell 
2015; Noroian 2011; Thompson 1993). Conserved water statutes are expected to fix these issues 
by protecting conserved water from forfeiture and allowing the conserver to put the conserved 
water to an approved use, leading to more efficient allocation of water resources across uses and 
sectors. Complicating matters further, some more efficient irrigation methods may generate 
unintended outcomes by increasing consumptive water usage at the basin level (Brinegar and 
Ward 2009; Dagnino and Ward 2012; Grafton et al. 2018). While irrigation efficiency studies 
indicate the unintended consequence of increased water usage, the effects of conserved water 
statutes have not been tested in any context, let alone when more efficient irrigation technology 
is implemented.  
 In this paper, I empirically test the effects of conserved water statutes on implementation 
of conservation in the form of efficient irrigation technology and test the effects of these statutes 
on water usage. I propose that when viewing water rights as property rights, conserved water 
statutes will incentivize water conservation and alter water usage patterns in order to maximize 
the benefits of owning a water right. The results indicate that while conserved water statutes may 
be linked to higher implementation of more efficient irrigation technology, it is likely due to the 
combination with other state level policies related to conservation and water usage rather than 
only the motivations from clarifying property rights. The impact of conserved water statutes on 
water usage patterns is also dependent on the conservation and policy context. These results 
imply that implementation of conservation and usage of water in agriculture is related to multiple 
policy mechanisms and the choice of mechanism should be determined by goals for water usage 
outcomes.  
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3.2 Background 
 
Irrigation techniques and conservation in agriculture 
 
 Irrigation technology falls under two main types: gravity systems and pressure systems. 
Gravity systems involve more traditional methods of irrigation. Also known as flood or surface 
irrigation, the water is flooded into fields via various means such as canals, ditches, and furrows 
(Stubbs 2016). Technical efficiency is typically around 65-75 percent (Pfeiffer and Lin 2014) but 
can vary as much as 50-90 percent due to additional measures that can be taken. Conservation 
may take the form of land leveling measures to ensure uniform application of water to fields and 
canal or ditch lining to reduce conveyance losses (Stubbs 2016). Gravity systems have a low 
initial investment cost, with furrow methods specifically only costing around $210 per acre. 
Despite the low price, gravity systems have higher operational labor requirements.  

Switching to more efficient pressure systems is another way to conserve water in 
agriculture. In pressure systems, water is pumped through pipes or tubing and applied to crops 
with a sprinkler or perforated pipe (Stubbs 2016). A sprinkler system sprays water over the 
crops, creating artificial precipitation. Types include center pivot, linear move tower, slide roll or 
wheel move, and big gun. Costs per acre for center pivot are typically in the range of $340-620 
per acre (Stubbs 2016) with technical efficiencies of 70-95 percent (Rogers et al. 1997). 
Microirrigation is another pressure system type which applies water directly to the roots of crops 
using low pressure. Low-flow micro sprinklers cost around $2800 per acre, while surface drip 
costs less, at $860 per acre. Drip systems typically have 75-95 percent technical efficiency, and 
up to 98 percent in some cases. These systems achieve the most technical efficiency when 
accompanied by an irrigation water management plan to ensure water is applied at the right times 
and in the amounts needed by the crops (Rogers et al. 1997; Stubbs 2016). While these types of 
systems have higher technical efficiencies than gravity systems and require low operational 
labor, they have high initial investment costs. 

The increases in technical efficiency associated with pressure system technology may not 
necessarily reduce water usage. This is in part due to the distinction between diversions (or 
withdrawals) of water and consumptive usage of water. The amount diverted is the amount taken 
out of the water system by the irrigator at the source, while consumptive use is the part of the 
amount diverted that is applied to a use, such as crops, that does not return to the water system. 
The remaining water, or return flow, returns to the system through runoff or percolation into 
aquifers (Getches et al. 2015). Studies of irrigation efficiency programs and subsidies 
demonstrate increases in irrigation efficiency, or technical efficiency, at the farm level lead to 
increased consumptive usage at the basin level, also known as the irrigation efficiency paradox 
(Brinegar and Ward 2009; Dagnino and Ward 2012; Grafton et al. 2018; Pfeiffer and Lin 2014; 
Ward 2014; Ward and Pulido-Velazquez 2008). This likely occurs because the increased 
irrigation efficiency allows for more total acreage at the basin level to be put into production, 
planting of higher-value crops with higher water requirements, or both (Brinegar and Ward 2009; 
Pfeiffer and Lin 2014; Ward and Pulido-Velazquez 2008). These changes in water application 
increase consumptive usage even though the amount of water diverted remains the same, 
contributing to depletions in water supply (Dagnino and Ward 2012; Pfeiffer and Lin 2014; 
Ward and Pulido-Velazquez 2008). However, the ability to utilize water that becomes available 
as a result of irrigation efficiency improvements, also known as conserved water, is dependent on 
the legal context, which may in turn affect the degree of change in consumptive use.  
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Legal status of conserved water 
 
 Most states in the Western U.S. follow the prior appropriation doctrine in governing 
water rights and water usage. The basis of this doctrine is the principle of priority, often referred 
to as “first in time, first in right.” The first user to put the water to a beneficial use has the most 
senior water right and is allowed to divert the amount in their claim prior to other users (Getches 
et al. 2015). The idea of beneficial use was put into place in order to discourage waste of water 
and includes most productive uses and needs for human survival. Initially, water left instream 
was considered wasteful and needs for survival of other species was not considered a beneficial 
use (Benson 2012; MacDonnell 2015). Accordingly, any portion of a water right not used or left 
instream was considered wasteful and subject to forfeiture after a number of years, as often 
referred to by the phrase “use it or lose it” (Getches et al. 2015). Ideas of beneficial use and 
forfeiture have expanded to allow for instream water rights in some states (Szeptycki et al. 
2015), but the status of conserved water has required special attention.  
 The key legal obstacles to the conservation of water in agriculture arise from the 
principles of priority, beneficial use, and forfeiture. In terms of priority, the majority of water 
rights in the West are held in agriculture and these are typically the most senior rights (Libecap 
2011). There is little incentive to conserve for users of senior rights since they are first in line to 
receive their water, as opposed to junior users who may not receive their full allotment of water 
if there is a shortage. Beneficial use and forfeiture also disincentivize conservation when water 
left instream is not protected. Under these principles, water that is conserved and left instream is 
not considered a beneficial use and is therefore subject to forfeiture of all or the conserved 
portion of the water right (Szeptycki et al. 2015). Even if instream flow is considered a beneficial 
use, the conserved water may still be subject to forfeiture because the same amount of water is 
no longer needed to fulfill the purpose of the water right (Woodard 2016). In other words, 
growing crops with 20 acre feet of water now takes 15 acre feet after conservation measures have 
been implemented, so the user should now only need a right to 15 acre feet, and the remaining 5 
acre feet becomes available for a new appropriation. This is one interpretation of what happens 
to the remaining 5 acre feet of water—a number of court cases have addressed the specific 
circumstances of whether the owner and conserver of the water may keep, or even use, that 
water, but some states have decided to clarify the status of this water through enacting conserved 
water statutes (Thompson et al. 2018).  
 There are two main components to conserved water statutes which counteract the 
disincentives identified above. First, the statues exempt any water saved as a result of 
conservation methods from forfeiture provisions. This allows the water to remain instream 
without the original water right being diminished or being appropriated by another user 
(Szeptycki et al. 2015). For example, California’s conserved water statute states:  
 
“When any person entitled to the use of water under an appropriative right fails to use all or any 
part of the water because of water conservation efforts, any cessation or reduction in the use of 
the appropriated water shall be deemed equivalent to a reasonable beneficial use of water to the 
extent of the cessation or reduction in use. No forfeiture of the appropriative right to the water 
conserved shall occur upon the lapse of the forfeiture period applicable to water appropriated 
pursuant to the Water Commission Act or this code or the forfeiture period applicable to water 
appropriated prior to December 19, 1914.” (Cal. Wat. Code § 1011a) 
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Second, conserved water statutes clarify who has the right to use the conserved water by 
allowing the conserver to put the water to a beneficial use if they wish. The conserved water is 
then treated similarly to the rest of the water right—changes from the original beneficial use 
must receive approval according to any existing change-of-use procedures and must not harm 
other users (Bell 2006; Norris 2011; Woodard 2016). California’s conserved water statute again 
provides an example:  

 
“Water, or the right to the use of water, the use of which has ceased or been reduced as the result 
of water conservation efforts as described in subdivision (a), may be sold, leased, exchanged, or 
otherwise transferred pursuant to any provision of law relating to the transfer of water or water 
rights, including, but not limited to, provisions of law governing any change in point of 
diversion, place of use, and purpose of use due to the transfer.” (Cal. Wat. Code § 1011b) 
 
The exact details of conserved water statutes vary by state, but these two main components are 
included, usually along with other procedures for reporting water conservation and tracking the 
use of conserved water.  
 The adoption of conserved water statutes is motivated by a common set of issues at the 
state level. The allocation of water across uses and continued water supply reliability, including 
in times of drought, has been raised as a concern by lawmakers and legal scholars—increases in 
demand from urban areas, often due to population growth, has put increasing strain on available 
water resources, leading many cities to attempt to buy up agricultural water rights or negotiate 
rotational fallowing agreements with irrigation districts or individual farmers (Chong and Sundig 
2006; Dole and Niemi 2004; Hoye 2009; Podgorski 2019; Schempp 2009; Montana SB265 
1991; Washington SB5736 1991 and HB1640 2003). This strain on resources is also feared to 
impact water available instream for environmental purposes, including wildlife and recreation 
(Bell 2006; Citron 2010; Coveli et al. 2016; King 2004; Kaufman 1991; Wirth 2015; Colorado 
SB23 2014; Montana SB128 2007; Washington SB 5736 1991). Clarification of the legal status 
of conserved water was a common motivation in proposed (and enacted) legislation and the legal 
literature to remedy opposition to forfeiture provisions, a lack of incentives to conserve, and 
ambiguity in the law—especially relating to definitions of conservation and rights to conserved 
water and the ability to transfer conserved water (Colby 1988; Fischer 1990; Fleming and Hall 
2000; Perez 2016; Squillace and McLeod 2016; White and Kromm 1996; Arizona SB1103 1992; 
Montana SB265 1991; New Mexico SB461 2007; Oregon SB24 1987; Washington SB5736 
1991 and HB1640 2003; Wyoming SB150 2013). However, opposition to conserved water 
statutes exists primarily due to concerns over the effect on return flow and other water users 
(including environmental uses), leading to recommendations and provisions to only allow use of 
conserved water if it will not impact other users (Bell 2006; Citron 2010; Huffaker and 
Whittlesey 2000; Perez 2016; Squillace and McLeod 2016; Colorado SB23 2014; Montana 
SB265 1991 and HB308 2005; New Mexico SB461 2007). Given these motivations and 
concerns, it is clear that conserved water statutes are emerging in a context of changing resource 
availability and needs. The potential and real efficacy of conserved water statutes in addressing 
these concerns will be discussed in the subsequent sections. 
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3.3 Theory and hypotheses 
 
 The goal of this paper is to analyze the effect of conserved water statutes on water 
conservation, including implementation of more efficient irrigation methods and water usage. 
While the effect of more efficient irrigation on water usage has been studied (see above), the 
direct effect of conserved water statutes on conservation and water usage in agriculture has not 
yet been examined despite strong indications from the legal literature that these statutes should 
be beneficial. A conflict between these literatures starts from the problem identified by legal 
scholars and state legislators: key components of the prior appropriation doctrine, specifically 
forfeiture and beneficial use, disincentive water conservation and increased irrigation efficiency 
in agriculture. According to the legal literature, conserved water statutes should encourage 
conservation and investment in efficient irrigation technology, leading to a more efficient 
allocation of water resources between sectors, if not a reduction in water usage (Bell 2006; 
Noroian 2011; Schempp 2009). However, two things may prevent more efficient allocation or 
reductions in water usage: 1) conserved water statutes allow conserved water to be put to 
beneficial use; and 2) the irrigation efficiency paradox indicates increased irrigation efficiency 
will lead to an increase in consumptive usage. In other words, how does the beneficial use of 
conserved water affect water allocation and usage? How do conserved water statutes work in the 
context of the irrigation efficiency paradox? These questions also relate to the outcome desired—
is the goal of policymakers to increase technical efficiency in water usage or efficiency in water 
allocation? Increasing the efficiency of water allocation involves ensuring that water allotments 
are spread across users and uses in a way that meets the highest value needs (Huffaker and 
Whittlesey 2000). The section above indicates that motivations for conserved water statutes are 
mostly on the side of more efficient water allocation. It is then necessary to evaluate whether 
conserved water statutes accomplish the goals they are intended to or have unintended 
consequences, especially given the irrigation efficiency paradox. Briefly, I argue that when water 
rights are viewed as property rights, conserved water statutes should increase investment in 
conservation in the form of more efficient irrigation technology, so consumptive water usage 
should be expected to increase, while withdrawals and non-consumptive usage remain static.  
 As presented in the legal literature, conserved water statutes provide a remedy for the 
disincentives to conservation inherent in the prior appropriation system (Behnampour 2011; Bell 
2006; Honhart 1995; Noroian 2011; Schempp 2009). Conserved water statutes may certainly be 
a remedy for these disincentives since they protect conserved water from forfeiture and allow it 
to be used by the water right holder. If increasing water conservation in agriculture is the sole 
outcome desired, then this is a reasonable remedy. A problem arises when the desired outcome 
does not end at an increase in water conservation but extends to the outcomes that result from 
water conservation—such as a desired change in water usage patterns assumed to occur as a 
result of water conservation. This requires consideration of the effect of conserved water statutes 
on water usage patterns, given a theorized increase in water conservation activities. Given the 
first component of conserved water statutes, protection from forfeiture, it is reasonable to assume 
that water users may no longer fear losing their rights and be more likely to implement water 
conservation technologies. Conserved water is not used and left instream leading to an outcome 
of reduced water usage. However, the second main component of a conserved water statute is 
that conserved water can be put to use—the water then is not left instream and water usage will 
not decrease. This is the outcome that the legal literature acknowledges but does not thoroughly 
analyze (Bell 2006; Noroian 2011; Schempp 2009).  
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 Part of this confusion of outcomes arises due to ambiguity in the definition of 
conservation, particularly as relates to efficiency. Conservation generally refers to increased 
efficiency in the application of water (also referred to as irrigation efficiency), or technical 
efficiency, where losses of water due to evaporation or seepage during conveyance or application 
to crops are reduced (Tarlock 1987). In other words, the percentage of water diverted that 
reaches the crop root zone is higher. This is the definition I utilize in this paper when discussing 
irrigation efficiency, unless specified otherwise. Increased technical efficiency in application 
does not necessarily lead to reductions in water usage when the use of conserved water is 
allowed, either in water diverted or consumptively used. In contrast, the economic definition of 
efficiency, specifically allocative efficiency, results from water resources being used in a way 
that generates the maximum returns to society—in other words, water is put to the highest value 
uses (Allan 1999; Huffaker and Whittlesey 2000). When the goal of conservation is to increase 
allocative efficiency, water usage may be reduced in one sector (such as agriculture) because it is 
increased in another higher-value sector. Allocative efficiency is one of the reasons incentivizing 
conservation has been a focus of legal scholars and policymakers because of concerns over water 
supply availability. Conserved water statutes may achieve technical efficiency through 
incentivizing conservation, but they are then unlikely to result in allocative efficiency unless 
other water management mechanisms are utilized. 
 Despite the ambiguity in conservation definitions and outcomes, the legal literature is 
clear in viewing water rights as property rights. Water rights are not owned by water users in the 
traditional sense of ownership. Water belongs to the residents of a state, and the state acts in the 
public interest to allocate and administer rights to use water (Getches et al. 2015). Beyond this 
administrative regulatory power, the state has little direct control over water rights and thus 
water rights can be considered property rights (Hayes 2003; Hennessy 2004). Water rights 
holders can then be expected to treat their water rights similar to other forms of property rights 
and attempt to maximize the benefits from owning that property (Demsetz 1967). A conserved 
water statute provides security for property rights when users wish to conserve water by 
providing protection from forfeiture and defining how the conserved water may or may not be 
used (Leonard and Libecap 2019). It should then be expected that water rights holders will 
attempt to maximize the benefits from owning water, including conserved water, by using the 
water for their own purposes or selling or leasing it to others.  
 The irrigation efficiency paradox then begins to make sense in the context of water rights. 
Water use behavior is shaped by property rights institutions. Literature on increased irrigation 
efficiency does not generally consider or test the role of institutions such as property rights or 
conserved water statutes in analyses of irrigation water usage (Brinegar and Ward 2009; Dagnino 
and Ward 2012; Grafton et al. 2018; Pfeiffer and Lin 2014; Ward 2014; Ward and Pulido-
Velazquez 2008). As discussed above, while the literature on conserved water statutes considers 
the effect of conserved water statutes and increased conservation on water usage, there are 
ambiguities in concepts that likely affect the logic of the argument, including when considering 
more efficient irrigation technology as conservation. The actual effect of conserved water 
statutes and increased conservation on water usage outcomes is also not tested. Each of these 
literatures offer insights, that when combined into the same analysis, will clear up the confusion 
each has encountered.  
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Effect of conserved water statutes on conservation 
 
 The first question to address in this analysis is how conserved water statutes affect 
conservation. The statutes are intended to address individual behavior by incentivizing irrigators 
to conserve water. For the purposes of this analysis, I assume conservation is defined as 
increased technical efficiency in water application. Individual irrigators also have more control 
over their own technical efficiency than they do over aggregate-level allocative efficiency. I 
focus on the switch to more efficient irrigation technology as a form of conservation since this is 
a commonly accepted method of conservation and is the subject of much of the literature on the 
topic (Pfeiffer and Lin 2014; Stubbs 2016). Given that conserved water statutes provide 
protection from forfeiture and allow the use of conserved water, I expect irrigators to take full 
advantage of the benefits of their property right in water and conserve by investing in more 
efficient irrigation technology. The conserved water statute acts as a mechanism to clarify and 
expand property rights. While more efficient irrigation systems have higher initial costs, the 
statutes provide security for irrigators in knowing they have time to develop and adjust the 
technology to provide maximum benefit, eventually outweighing the initial costs of the new 
system.  
 
Hypothesis 1: The presence of a conserved water statute in a state will lead to an increase in 
usage of more efficient irrigation technology, or technical efficiency, in agriculture over time. 
 
Effect of conserved water statutes on water usage 
 

The second question in this analysis relates to the outcome of water usage—both 
consumptive usage and total withdrawals (or water diverted). In terms of consumptive usage, the 
legal literature anticipates usage will remain the same or, ideally, decrease (Behnampour 2011; 
Bell 2006; Honhart 1995; Noroian 2011; Schempp 2009). In contrast, the irrigation efficiency 
paradox indicates an increase in consumptive usage (Grafton et al. 2018). I argue that 
consumptive usage should be expected to increase and that this increase in not unexpected or 
contradictory (i.e. not paradoxical). Property rights again motivate irrigators to maximize the 
benefits from their water rights by implementing more efficient irrigation technology. The 
irrigators then have conserved water, that according to conserved water statutes they are allowed 
to put to use, sell, or lease to other users. To continue maximizing benefits from their water 
rights, irrigators should be expected to do something profitable with their conserved water, rather 
than voluntarily leave it instream. Since the water is now being used more efficiently with less 
loss to seepage or runoff, consumptive usage will increase (Dagnino and Ward 2012; Pfeiffer 
and Lin 2014; Ward and Pulido-Velazquez 2008). If the conserved water is put to use by the 
same irrigator or transferred to another irrigator, consumptive usage in agriculture will increase 
in the basin. If the conserved water is transferred to a non-agricultural use, consumptive usage 
will not increase for agriculture, but consumptive use in the basin will still increase overall. This 
increase in consumptive usage as a result of increased irrigation efficiency is similar to the 
rebound effect recognized in the energy efficiency literature; when using a more energy efficient 
product, consumers may respond by using the product more, resulting in less energy savings than 
expected (Gillingham et al. 2016). It is not surprising that a similar effect is observed in water 
usage in irrigated agriculture, especially since the per unit cost of water to irrigators is typically 
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much lower than the actual economic value of the water (Libecap 2011; Ward 2010; Wichelns 
2010). 

 
Hypothesis 2: The presence of a conserved water statute in a state will lead to an increase in the 
consumptive usage of water in agriculture over time. 
 
 Conserved water statutes should have little effect on total withdrawals of water in 
agriculture, however. The initial allocations of water rights should not change as a result of the 
statute at the individual or aggregate level, all else equal. The initial allocation of a water right is 
the amount of water the right entitles a user to divert or withdraw—conserved water statutes do 
not affect this amount, so it should remain relatively constant. The irrigation efficiency paradox 
also does not indicate increased irrigation efficiency should affect total withdrawals of water. 
Normatively, if the goal is to increase allocative efficiency and reduce water usage in agriculture, 
total withdrawals would be expected to decrease as a result of increased conservation, but given 
the property rights argument in the previous two hypotheses, I would not expect a decrease in 
any form of water usage.  
 
Hypothesis 3: The presence of a conserved water statute in a state will not affect withdrawals of 
water in agriculture over time. 
 
3.4 Data and methods 
 
Data 
 

This analysis addresses how conserved water statutes affect investments in conservation 
efforts, water consumption, and withdrawals. Twelve western U.S. states are included in the 
analysis: Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Texas, 
Utah, Washington, and Wyoming. The unit of analysis is the county by five-year interval over 
the period 1985-2015, for a total of 7 five-year time intervals. There are 668 counties across the 
12 states in the analysis, for a total initial n of 4676. Due to non-systematic missing data in some 
variables (except as noted below), the number was reduced to 3603 observations. The variables 
described in the following paragraphs and summary statistics are shown in Tables 3.1 and 3.2. 

The dependent variables are investment in conservation, water consumption, and water 
withdrawals, all in the agricultural sector. Investment in conservation is operationalized as the 
percent of the county using efficient irrigation methods (defined as sprinkler and 
microirrigation). This variable is constructed from two measures of irrigation type: acres 
irrigated per county by irrigation type (flood, sprinkler, or microirrigation) and total irrigated 
acres per county, so the percentage of the county irrigated by efficient methods can be calculated 
to standardize the data in relation to other counties. The overall trend in the use of these methods 
has increased in the time period of this study, as seen in Figures 3.1 and 3.2. Water consumption 
takes the form of agricultural consumptive usage of water in Mgal/day at the county level. While 
consumptive use has decreased overall in the western U.S., as seen in Figure 3.3, the breakdown 
by state in Figure 3.4 indicates trends across states. Water withdrawals consist of agricultural 
water withdrawals by county in Mgal/day. Figure 3.5 and 3.6 demonstrate that withdrawals in 
the western U.S. have decreased overall, with a few exceptions by state. These data were 
obtained from the US Geological Survey’s Water Use in the United States data. This data has 
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been used in previous studies to measure water usage and irrigation type (Mendelsohn and Dinar 
2003; Wang 2019). Consumptive use is only available for the following years: 1985, 1990, 1995, 
and 2015. Both withdrawals and consumptive use are estimates based on data from a variety of 
sources such as crop reporting programs, irrigation districts, and crop type and water 
consumption (Dieter et al. 2018). 
 
 
Table 3.1: Summary statistics for continuous variables 
Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max  
Efficient irrigation % 4,427 0.541 0.375 0.000 0.165 0.967 1.000 
Consumptive use, Mgal/d 2,642 82.483 198.747 0.000 1.840 75.102 2,585.080 
Total ag withdrawals, Mgal/d 4,643 149.899 307.927 0.000 2.640 162.590 3,489.850 
Population growth, percent 4,614 0.051 0.114 -0.821 -0.009 0.098 3.242 
Total irrigated acres, 1000s 4,643 50.907 100.608 0.000 2.000 54.095 1,287.400 
PDSI 4,669 0.257 2.106 -6.384 -1.395 1.891 6.318 
Total annual precip 4,669 27.567 17.457 1.220 15.880 33.680 129.050 
Ag sales, millions 4,647 103.138 252.530 0.015 15.477 76.966 3,882.124 
Avg. farm size, 1000s acres 4,640 1.776 3.341 0.001 0.304 1.916 74.501 
Orchards, 1000s acres 3,864 6.270 31.904 0.000 0.020 1.139 580.932 
Hay crops, 1000s acres 4,613 23.830 25.118 0.000 6.145 33.673 267.158 
State water transfers, year avg. 4,676 20.740 30.191 0 4 24 148  
 
 
 
Table 3.2: Dates statutory variables enacted 
State Conserved Water Statute Streamflow Statute Irrigation System Incentives  
Arizona - - 1994 
California 1979 1985 2014 
Colorado - 1973 - 
Idaho - - - 
Montana 1991 1989 2000 
Nevada - - - 
New Mexico 2007 - - 
Oregon 1987 1983 - 
Texas - 2007 1989 
Utah - - - 
Washington 1991 1969 2001 
Wyoming - - -  
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*Percentages are in decimal format. 

Figure 3.1* Figure 3.2* 

*Percentages are in decimal format. 

Figure 3.3 Figure 3.4 

Figure 3.5 Figure 3.6 
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The main independent variable is conserved water statutes. This is a state level variable 
which has been obtained through a review of state water codes for the 12 western states in this 
analysis. The review determined if a) the state allows a user to keep and use water that is 
conserved as a beneficial use; b) conserved water is excluded from forfeiture provisions; and c) 
if the conserved water is eligible for transfers. Both a) and b) are required to indicate the 
presence of a conserved water statute; if not explicit, c) is usually implied if a) is present in that 
any change in the water use or location of use must be approved like any other transfer. Data 
were collected by examining state statutes online, both current and historical. The procedure 
included noting the date the language specific to usage of conserved water was put into place as 
well as the location in the state code. These details for each state, along with the full coding 
procedure, are included in Appendix B. Table 3.2 details the states with conserved water statutes 
and the dates the statutes were put into place.  

Control variables include the following variables at the county level, by five-year 
increment: population growth, total irrigated acres, drought, precipitation, agricultural sales, 
average farm size, land in orchards, and acres of hay crops. Population data by county was drawn 
from the USGS Water Use in the US dataset and a growth rate was calculated between each time 
period. Total irrigated acres were also obtained from the USGS dataset. Drought is represented 
through the Palmer Drought Severity Index (PDSI), obtained at the county level from the Centers 
for Disease Control’s (CDC) National Environmental Health Tracking Program. The PDSI is a 
standardized index of temperature and precipitation data indicating dryness or wetness of an 
area, ranging from -10 (dry) to +10 (wet). The monthly data was converted to yearly by 
averaging the data by year for each county. Precipitation data was obtained at the county level 
from the National Oceanic and Atmospheric Administration (NOAA) by month, which was 
added for a yearly total.  

Agricultural sales by county were obtained from the U.S. Department of Agriculture 
(USDA) Census of Agriculture in 5-year increments (1982-2017). The data was converted from 
nominal thousands of dollars per county to real dollars (year 2000) using the Consumer Price 
Index (CPI). Because the years for this data do not line up with the five-year increments in the 
rest of the study, the available years before and after a given year in this paper were averaged to 
get the value for the given year. For example, for 2005 in this paper, farm sales data from 2002 
and 2007 were averaged to get farm sales for 2005 (see also Mendelson and Dinar 2003; Wang 
2019). The data for average farm size, land in orchards (in acres), and acres of hay crops 
(including alfalfa and other silage) were also obtained from the USDA Census of Agriculture in 
5-year increments from 1982-2017 and the same process was followed to line the time periods 
up with the rest of the data as with the agricultural sales data. Orchards and hay crops were 
included as proxies for crop type with orchards representing an inflexible, long-term crop and 
hay crops representing a flexible, short-term crop type. Irrigation efficiency, the first dependent 
variable above, is also included as a control variable for the other two models where 
consumptive use and total water withdrawals are dependent variables.  

State level control variables, by five-year increment, are also included: water transfers, 
streamflow protection statutes, and irrigation technology incentives. Water transfer data came 
from the Water Transfer Level Dataset as detailed in Brewer et al. (2007). The data was 
aggregated to get the total number of water transfers per state per year. Data on streamflow 
protection statutes and state-level irrigation technology incentives were collected in the same 
process as the collection of data on conserved water statutes by searching current and past state 
statutes. Streamflow protection statutes are here defined as any minimum flow requirements laid 
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out in state statutes or any language indicating that streamflow requirements for environmental 
uses (fish and wildlife purposes) or recreation should be considered when making decisions on 
appropriations and changes to water rights. Irrigation technology incentives are defined as either 
tax credits or grant programs to assist irrigators with implementation of more efficient irrigation 
technology which were put into place by state legislation. 
 
Methods 
 
Propensity score matching 
 The goal of this paper is to determine the effect of conserved water statutes on the three 
dependent variables described above: investment in efficient irrigation, consumptive agricultural 
water use, and agricultural water withdrawals. The nature of the unbalanced panel data collected 
here, including the data existing in 5-year increments, necessitate an appropriate form of 
analysis. Of the twelve states in the analysis, only five adopted conserved water statutes by 2015 
meaning the number of observations without a conserved water statute greatly outnumbers the 
number of observations where a conserved water statute is present. Thus, I use propensity score 
matching to control for selection bias and as a method of accounting for the lack of balance in 
the raw sample and the distance between time periods. Propensity score matching is considered 
an appropriate method for pre-processing data and for accounting for selection bias by creating 
similar treatment and control groups (Caliendo and Kopeinig 2008; Ho et al. 2007). OLS models 
without matching implemented are included in Appendix B for reference. The directionality of 
the effects of conserved water statutes in these models is consistent with the matched models, 
indicating the patterns in the data remain robust to different specifications while effect sizes can 
be more accurately estimated with matching.  
 Comparing the effect of conserved water statutes (the “treatment” effect) on the outcomes 
of interest in this study may be confounded by selection bias. There may be other factors, 
especially at the state level, that lead to a difference in outcomes even prior to the introduction of 
these statutes. The goal of matching is to result in similar treatment and control groups based on 
characteristics of other covariates (Caliendo and Kopeinig 2008; Stuart 2010). Propensity score 
matching involves estimating the propensity scores for the covariates and matching on 
propensity score rather than the actual values of the covariates, resulting in unbiased estimates of 
the treatment effect when there are more than a few covariates (Dehejia and Wahba 2002). 
Propensity scores reflect the probability of receiving the treatment and can be estimated in a 
variety of ways, with the most common being logistic regression (Austin 2011).  

In order to satisfy the ignorability assumption (that treatment assignment is independent 
of the potential outcomes), all variables theorized to be related to both treatment assignment and 
the outcome should be included in propensity score estimation and the matching procedure 
(Stuart 2010). Another main assumption in matching is that there is overlap, or common support, 
for all observations; i.e. all observations have a positive probability of being in both the 
treatment and control group (Caliendo and Kopeinig 2008). This can be achieved by restricting 
the matching algorithm to only include values within the region of common support. The other 
main choices in creating the matching algorithm involve deciding between matching with or 
without replacement and defining the distance to determine a good match (Austin 2011; Stuart 
2010). Matching without replacement matches each treatment unit to a control unit which is 
them removed from the pool of available control units to be matched. Matching with 
replacement returns control units to the pool once they have been matched to a treatment unit, 
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allowing some control units to be matched to multiple treatment units. There are a variety of 
ways to define distance for the matching procedure, but the most common is nearest neighbor 
matching, which involves selecting the control unit with the closest propensity score to that of a 
given treated unit (Austin 2011; see also Stuart 2010 for a discussion of other definitions of 
distance).   
 The MatchIt package in the open source statistical software R was used for the matching 
estimations in this paper (Ho et al. 2011). Logistic regression was used to estimate the propensity 
scores, with scores of both treatment and control units outside the region of common support 
being discarded, as this achieved better balance. A nearest neighbor matching procedure with 
replacement was used to match control units to treated units. Visual diagnostics of balance and 
examination of standardized mean differences on covariates on the initial parsimonious matching 
model indicated that this achieved better balance than matching without replacement, or not 
discarding either or both of treatment and control units outside the convex hull of the region of 
common support. Following this initial assessment of balance, interactions and higher order 
terms were added iteratively to improve balance. Balance can be assessed through visuals, such 
as histograms of the propensity scores and Q-Q plots of individual variables, as well as through 
numeric figures, such as standardized mean differences, and variance ratios, and comparisons of 
cumulative distribution functions, as well as stratification tests on the propensity scores (Austin 
2009a). A combination of stratification tests of propensity scores (as discussed in the appendix of 
Dehejia and Wahba (2002), standardized mean differences, and visual analysis of Q-Q plots and 
histograms of propensity score density were used to assess balance and determine which 
covariates needed the addition of higher order terms and interactions in the propensity score 
estimation.  
 Using, this procedure, propensity scores were estimated for each of the three dependent 
variables in this study—efficient irrigation percentage, consumptive water usage, and total water 
withdrawals. Propensity score estimation used the same logit algorithm for the first and third set 
of models—with dependent variables of efficient irrigation percentage and total water 
withdrawals respectively. The five variables included in the propensity score estimation were 
theorized to influence both assignment to treatment (the presence of a conserved water statute) 
and the outcomes (use of efficient irrigation methods, consumptive water usage, and total water 
withdrawals). These variables were chosen based on the overview above, indicating that the level 
of farming activity (total irrigated acres and ag sales), water availability (precipitation and 
streamflow statutes), climate conditions (precipitation), and financial incentives for irrigation 
efficiency were important factors in considering adoption of a conserved water statute and in 
factoring into the decision to conserve. All are also expected to affect the level of water usage, 
both consumptive and withdrawn. The final specification for the logit propensity score 
estimation for these models is:  
 
Conserved water statute = Total irrigated acres +  Precipitation + Ag sales + Streamflow statute 
+ Incentives + (Total irrigated acres*Precipitation) + (Precipitation*Ag sales) + (Total irrigated 
acres*Streamflow statute) + (Ag sales*Incentives) + (Precipitation*Streamflow statute) + (Ag 
sales*Streamflow statute) + (Streamflow Statute*Incentives) + (Total irrigated acres)2 + 
β14(Total irrigated acres)3 + (Total irrigated acres)4 + (Total irrigated acres)5

 + (Total irrigated 
acres)6 + (Total irrigated acres)7 + (Total irrigated acres)8 + (Precipitation)2 + (Precipitation)3 + 
(Precipitation)4 + (Ag sales)2. 
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The remaining control variables listed above were not expected to affect treatment assignment, 
though they may influence the outcomes, so they were included as covariates in the final 
estimation of the treatment effects. The Love plot in Figure 3.7 shows a visual representation of 
standardized mean differences, which should be close to zero to indicate balance. The values 
used in these plots are included in Appendix B. The raw means for each variable by treatment 
group before and after matching are compared in Table 3.3, showing more comparable means 
across treatment groups for the five variables in the propensity score estimation and some of the 
other variables.  

The second set of models, with consumptive water usage as the dependent variable, had 
propensity scores estimated separately due to the missing data in the dependent variable affecting 
the balance in the original sample. The final specification for this model is:  
 
Conserved water statute = Total irrigated acres +  Precipitation + Ag sales + Streamflow statute 
+ Incentives + (Total irrigated acres*Precipitation) + (Precipitation*Ag sales) + (Total irrigated 
acres*Streamflow statute) + (Ag sales*Incentives) + (Precipitation*Streamflow statute) + (Ag 
sales*Streamflow statute) + (Total irrigated acres)2 + β14(Total irrigated acres)3 + (Total irrigated 
acres)4 + (Total irrigated acres)5. 
 
The Love plot in Figure 3.8 also demonstrates an increase in balance, with the standardized mean 
differences in Appendix B. Table 3.4 shows the comparison between group means before and 
after matching, again showing improvement in the five variables in the propensity score 
estimation and some of the other variables.  
 
 

 
 
 
 

Figure 3.7: Love plot, model sets 1 and 3 
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Table 3.3: Means by treatment group, first and third set of models 

Statistic Pre-match 
control 

Pre-match 
treatment 

Post-match 
control 

Post-match 
treatment  

Total agricultural water withdrawals, 
Mgal/d 122.985 273.227 134.646 175.164 

Efficient irrigation % 0.530 0.632 0.487 0.652 
Population growth, percent 0.054 0.063 0.053 0.061 
Total irrigated acres 39.886 98.152 48.849 62.100 
PDSI 0.430 -0.049 0.967 -0.059 
Total annual precip 26.763 34.661 29.579 35.763 
Ag sales, millions 68.752 249.321 102.741 157.288 
Avg. farm size, acres 1.779 0.875 1.567 0.903 
Orchards, 1000s acres 1.003 23.298 1.549 14.690 
Hay crops, 1000s acres 21.969 27.393 23.903 24.430 
State water tranfers, year avg. 18.839 15.325 36.870 14.362 
Streamflow statute 0.303 0.939 0.863 0.934 
Irrigation tech. incentives 0.478 0.235 0.293 0.239  
 

 

 

Figure 3.8: Love plot, model set 2 



 

67 
 

Table 3.4: Means by treatment group, second set of models 

Statistic Pre-match 
control 

Pre-match 
treatment 

Post-match 
control 

Post-match 
treatment  

Consumptive water usage, Mgal/d 61.121 182.404 56.798 111.520 
Efficient irrigation % 0.498 0.559 0.520 0.574 
Population growth, percent 0.048 0.069 0.043 0.066 
Total irrigated acres 42.232 97.627 43.440 63.321 
PDSI 0.778 -0.397 1.132 -0.304 
Total annual precip 27.872 32.868 32.651 34.181 
Ag sales, millions 69.861 239.905 92.902 145.555 
Avg. farm size, acres 1.998 1.010 1.691 1.044 
Orchards, 1000s acres 1.010 23.244 1.859 16.625 
Hay crops, 1000s acres 21.150 26.961 22.931 25.789 
State water tranfers, year avg. 16.134 12.549 32.333 11.785 
Streamflow statute 0.315 0.943 0.889 0.939 
Irrigation tech. incentives 0.381 0.220 0.243 0.209  
 

Treatment effect estimation 
 Treatment effects can be estimated in a variety of ways, from a simple naïve regression 
with the outcome regressed on the treatment only, to the inclusion of other covariates and more 
robust error estimation (Austin 2009b; Hill and Reiter 2006). This estimation occurs on the sub-
sample of data generated after matching which includes only the observations that are a part of a 
matched pair. The inclusion of covariates in the estimation of the treatment effect can increase 
the precision of effect estimates and reduce bias from residual imbalance (Ho et al. 2007). 
However, the estimates and tests on coefficients of covariates other than the treatment should not 
be interpreted as causal and are likely severely confounded (Greifer 2020; Westreich and 
Greenland 2013). While I will report the estimates on the other coefficients in this paper, I will 
not be interpreting them as causal estimates. Weighting is necessary when matching with 
replacement to account for control units matched with more than one treatment unit (Hill and 
Reiter 2006; Greifer 2020). Standard errors are also likely to be unreliable, thus it is 
recommended to use an alternative estimation, such as robust standard errors, cluster robust 
standard errors, or bootstrapping depending on the matching model used. Robust standard errors 
should be included with any weighting, while cluster robust errors are considered useful in 
accounting for dependence between observations and matched pairs and can be better than robust 
standard errors (Austin 2009b; Austin and Small 2014; Hill and Reiter 2006). For this reason, I 
prefer cluster robust standard error estimation. 
 Treatment effects were estimated in this paper on the propensity-score matched sub-
sample both through OLS regression with and without covariate adjustment. The matched sub-
sample for the first and third models included a total of 1700 observations after the matching 
procedure, while the sub-sample for the second model had 920 observations9. When matching 

 
9 In the first and third models, 64 observations in the treatment group and 1105 observations in the control group 
were discarded for falling outside the region of common support. The remaining 850 observations in the treatment 
group all matched with a total of 409 observations in the control group. The number of matched observations in the 
control group does not equal the number of matched observations in the treatment group due to matching with 
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with replacement, it is also necessary to account for control units matching with more than one 
treatment unit. Weights were included in the regression using those generated by the MatchIt 
package. Cluster-robust standard errors at the level of matched pairs were used in estimating 
standard errors in line with the literature mentioned above. Fixed effects were also included for 
the time periods and at the state level to account for time and location-specific effects. The 
following models were used on the propensity score matched sub-sample, with these models 
including the full spread of covariates and the fixed effects, where j = state fixed effects and t = 
time period fixed effects for each observation i:  
 
Efficient irrigation %jit = β0 + β1(Conserved water statute)jit1 + β2(Population)jit2 + β3(Total 
irrigated acres)jit3 + β4(Drought)jit4 + β5(Precipitation)jit5 + β6(Ag sales)jit6 + β7(Farm size)jit7 + 
β8(Orchards)jit8 + β9(Hay crops)jit9 + β10(Water transfers)jit10 + β11(Streamflow statute)jit11 + 
β12(Incentives)jit12 + β13(Conserved water statute*Streamflow statute)jit13 + β14(Conserved water 
statute*Incentives)jit14 + εjit 
 
Consumptive water usejit = β0 + β1(Conserved water statute)jit1 + β2(Efficient irrigation)jit2 + 
β3(Population)jit3 + β4(Total irrigated acres)jit4 + β5(Drought)jit5 + β6(Precipitation)jit6 + β7(Ag 
sales)jit7 + β8(Farm size)jit8 + β9(Orchards)jit9 + β10(Hay crops)jit10 + β11(Water transfers)jit11 + 
β12(Streamflow statute)jit12 + β13(Incentives)jit13 + β14(Conserved water statute*Streamflow 
statute)jit14 + β15(Conserved water statute*Incentives)jit15 + β16(Conserved water statute*Efficient 
irrigation)jit16 + εjit 
 
Total water withdrawalsjit = β0 + β1(Conserved water statute)jit1 + β2(Efficient irrigation)jit2 + 
β3(Population)jit3 + β4(Total irrigated acres)jit4 + β5(Drought)jit5 + β6(Precipitation)jit6 + β7(Ag 
sales)jit7 + β8(Farm size)jit8 + β9(Orchards)jit9 + β10(Hay crops)jit10 + β11(Water transfers)jit11 + 
β12(Streamflow statute)jit12 + β13(Incentives)jit13 + β14(Conserved water statute*Streamflow 
statute)jit14 + β15(Conserved water statute*Incentives)jit15 + β16(Conserved water statute*Efficient 
irrigation)jit16 + εjit 
 
3.5 Results and discussion 
 
 Results from the first set of models, corresponding to the first hypothesis, are shown in 
Table 3.5. Column 1 indicates there may be partial support for Hypothesis 1, that conserved 
water statutes may lead to an increase in the usage of more efficient irrigation technology. The 
naïve model estimate of the treatment effect shows a positive, significant effect of a conserved 
water statute on the percentage of efficient irrigation in a county—the percentage of acres 
irrigated with more efficient technology is approximately 10 percentage points higher in states 
with conserved water statutes than states without. However, this effect is not robust to the 
addition of other covariates in the model, nor the inclusion of fixed effects for state and year. The 
effect of conserved water statutes is likely more nuanced and dependent on location and time, 
among other factors. These results do not account for the influence of other conservation 
methods, including those that reduce conveyance losses such as through canal lining, but these 

 
replacement. 1175 observations in the control group were unmatched. In the second model, 32 observations in the 
treatment group and 325 observations in the control group were discarded for falling outside the region of common 
support. The remaining 460 treatment group observations matched with a total of 243 control group observations. 
1199 observations in the control group were unmatched.  
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methods are often used in combination with more efficient irrigation technology, so it is likely 
difficult to separate out the effects of different conservation methods (Rogers et al. 1997; Stubbs 
2016).  

These results may also make sense if other mechanisms are stronger in leading to the 
uptake of more efficient irrigation technology, such as state level initiatives. Streamflow statutes 
and state irrigation technology incentives do appear to be associated with higher levels of 
efficient irrigation technology use, especially when considering the interactive effect of 
incentives and conserved water statutes, as in columns 5 and 6 of Table 3.5. The independent 
effects are not consistent across all models, however. Streamflow statutes only have a positive, 
significant relationship in the absence of fixed effects (column 2) or in the presence of the 
interaction between incentives and conserved water statutes (columns 5 and 6). The interaction 
term between streamflow and conserved water statutes does not have a significant association 
with efficient irrigation technology. The effect of streamflow statutes is likely dependent on 
factors such as time and location and the role of state level incentives. Incentives are more robust 
to the inclusion of other factors (columns 2-4), but when interacted with conserved water statutes 
(columns 5 and 6), only the interaction is positive and significant. The coefficients on the 
individual term for incentives actually become negative, indicating that the effects of conserved 
water statutes and incentives are potentially competing effects—they may be acting through 
different mechanisms.  

The results for Hypothesis 2 are similarly dependent on the inclusion of other covariates, 
as seen in Table 3.6. The only significant effect of conserved water statutes on consumptive 
usage is the negative effect seen in the model in column 6, which includes an interaction term 
between conserved water statutes and the percentage of efficient irrigation in a county (the 
dependent variable from Hypothesis 1). There is very little support for Hypothesis 2; while the 
first two models have a positive effect on consumptive water usage, as expected, these 
coefficients are not significant and once fixed effects are included, the coefficient is consistently 
negative across the remaining models. Similar to the first hypothesis, time and location likely 
influence the effect of conserved water statutes on consumptive use. It is also possible that 
consumptive usage in agriculture decreases as a result of conserved water statutes if the water 
that is conserved is transferred out of agriculture.  

The results are not entirely unsurprising, given that the legal literature described above 
indicated conserved water statutes may decrease consumptive use. The model in column 6 of 
Table 3.6 indicates that in states with a conserved water statute, consumptive water usage by 
county is 35 million gallons per day (Mgal/d) less than in counties in states without the statute. 
To put this into context, 35 Mgal/d is equal to about 39,235 acre-feet per year (USGS n.d.). An 
acre of corn in California requires approximately 3 acre-feet of water while a more water-
intensive crop such as alfalfa requires around 5 acre-feet of water to grow an acre of crops in 
California (Johnson and Cody 2015). Using 35 Mgal/d less water is equivalent to the amount of 
water needed to grow about 13,000 acres of corn or 7,800 acres of alfalfa in California. In 2017, 
nearly 500,000 acres of corn (for grain and silage) and around 771,000 acres of alfalfa were 
harvested in California (USDA NASS 2017).  
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Table 3.5: Results for first set of models, Hypothesis 1 
 Dependent variable: Efficient irrigation technology, percent of acres by county   
 (1) (2) (3) (4) (5) (6)  
State conserved water statute 0.106*** 0.011 -0.050 0.036 -0.060 0.033 
 (0.030) (0.024) (0.045) (0.088) (0.045) (0.088)        
Population growth, percent  0.091 0.005 0.013 0.002 0.010 
  (0.135) (0.152) (0.151) (0.152) (0.151)        
Total irrigated acres  -0.001** -0.001** -0.001** -0.001** -0.001** 
  (0.0003) (0.0003) (0.0003) (0.0003) (0.0003)        
Palmer drought severity index  -0.030*** 0.011 0.011 0.011 0.011 
  (0.006) (0.008) (0.008) (0.008) (0.008)        
Total annual precipitation  0.005*** 0.002*** 0.002*** 0.002*** 0.002*** 
  (0.0004) (0.0004) (0.0004) (0.0004) (0.0004)        
Agricultural sales, millions  0.0005*** 0.0004*** 0.0004*** 0.0004*** 0.0004*** 
  (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)        
Avg. farm size, 1000s acres  -0.006 0.0005 0.001 0.0005 0.001 
  (0.004) (0.004) (0.004) (0.004) (0.004)        
Orchards, 1000s acres  -0.001*** -0.001** -0.001** -0.001** -0.001** 
  (0.0003) (0.0003) (0.0003) (0.0003) (0.0003)        
Hay crops, 1000s acres  -0.001 -0.0005 -0.0005 -0.0005 -0.0005 
  (0.001) (0.0004) (0.0004) (0.0004) (0.0004)        
State water transfers, yearly avg  -0.003*** 0.002 0.002 0.002 0.002 
  (0.001) (0.001) (0.001) (0.001) (0.001)        
State streamflow statutes  0.219*** -0.063 -0.066 0.173*** 0.176*** 
  (0.039) (0.125) (0.126) (0.067) (0.067)        
State irrigation technology 
incentives 

 0.061* 0.132*** 0.141*** -0.244 -0.245 

  (0.034) (0.045) (0.047) (0.187) (0.187)        
Conserved water 
statute*streamflow statute 

   -0.100  -0.109 

    (0.096)  (0.096)        
Conserved water 
statute*incentives 

    0.382** 0.393** 

     (0.186) (0.188)        
Constant 0.545*** 0.307*** 0.401*** 0.401*** 0.401*** 0.400*** 
 (0.028) (0.041) (0.050) (0.050) (0.050) (0.050)         
Year fixed effects No No Yes Yes Yes Yes 
State fixed effects No No Yes Yes Yes Yes 
Observations 1,700 1,700 1,700 1,700 1,700 1,700 
R2 0.020 0.332 0.480 0.480 0.481 0.482 
Adjusted R2 0.020 0.327 0.471 0.471 0.472 0.472 

Residual Std. Error 0.371 (df = 
1698) 

0.307 (df = 
1687) 

0.273 (df = 
1670) 

0.272 (df = 
1669) 

0.272 (df = 
1669) 

0.272 (df = 
1668)  

Note: *p**p***p<0.01 
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The results are also interesting for the irrigation efficiency paradox. Efficient irrigation is 
consistently negative and significant in all models, at a magnitude of between 56-81 Mgal/d less 
consumptive use for every percentage point increase in efficient irrigation, in contrast to what the 
paradox would lead one to expect. This makes sense if irrigators are not using the water they 
conserve, especially if there is not a conserved water statute to allow the water to be used. When 
combined, the effects of a conserved water statute and efficient irrigation should then be 
expected to have a positive relationship with consumptive usage, and the interaction term 
between the two demonstrates this, although it is not significant and the individual terms are both 
negative and significant. Conserved water statutes and efficient irrigation may be operating 
through different mechanisms, generating competing effects on consumptive water usage.  

The remaining variables have generally consistent results. Streamflow statutes and 
incentives have a consistent negative association with consumptive usage, although it is not 
significant. The negative relationship is as expected for streamflow statutes since they are 
providing protection for the level of water instream and may prevent further consumptive use. 
The negative relationship for incentives may seem a bit counterintuitive, but since the incentives 
are going towards more efficient irrigation technology and that variable is negative, it follows 
that the incentives would also have a negative association with consumptive usage. The 
exception is the interaction between incentives and the conserved water statute which makes 
sense since they both encourage conservation and the statute allows for use of the conserved 
water. The variables for orchards and irrigated acres are consistently positive and significant, as 
expected since more acres in production is likely linked to higher consumptive use and tree crops 
tend to be more water intensive (Johnson and Cody 2015). Overall, the results from the second 
set of models indicate property rights and the irrigation efficiency paradox are not the only 
mechanisms at play in the relationship between conserved water statutes and consumptive usage.  
 
 
Table 3.6: Results for second set of models, Hypothesis 2 
 Dependent variable: Consumptive water usage, Mgal/d   
 (1) (2) (3) (4) (5) (6) (7)  
State conserved water statute 13.241 5.686 -17.380 -2.706 -17.510 -35.282* -12.506 
 (19.904) (13.235) (11.915) (23.323) (11.968) (18.799) (23.736)         
Efficient irrigation, percent 
acres 

 -56.914*** -69.038*** -68.809*** -69.215*** -80.464*** -81.154*** 

  (12.762) (15.723) (15.709) (15.909) (21.792) (22.207)         
Population growth, percent  95.337*** 45.715 46.644 45.697 41.959 43.204 
  (27.441) (31.541) (31.099) (31.542) (32.280) (31.792)         
Total irrigated acres  1.592*** 1.605*** 1.605*** 1.605*** 1.619*** 1.620*** 
  (0.124) (0.113) (0.113) (0.113) (0.114) (0.114)         
Palmer drought severity 
index 

 -2.623 -0.882 -0.918 -0.866 -0.455 -0.462 

  (1.940) (3.029) (3.059) (3.045) (2.987) (3.014)         
Total annual precipitation  0.158 -0.057 -0.058 -0.057 -0.057 -0.057 
  (0.104) (0.097) (0.098) (0.098) (0.096) (0.097)         
Agricultural sales, millions  0.009 -0.010 -0.010 -0.010 -0.013 -0.013 
  (0.042) (0.036) (0.035) (0.036) (0.035) (0.035)         
Avg. farm size, 1000s acres  -1.926 -0.757 -0.734 -0.752 -0.830 -0.788 
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  (1.238) (0.551) (0.536) (0.552) (0.591) (0.569)         
Orchards, 1000s acres  0.501*** 0.354** 0.354** 0.354** 0.349** 0.349** 
  (0.163) (0.176) (0.176) (0.176) (0.177) (0.177)         
Hay crops, 1000s acres  -0.286 -0.167 -0.165 -0.166 -0.159 -0.156 
  (0.174) (0.170) (0.169) (0.171) (0.169) (0.168)         
State water transfers, yearly 
avg 

 -0.679** -0.189 -0.187 -0.188 -0.177 -0.173 

  (0.275) (0.539) (0.540) (0.539) (0.534) (0.534)         
State streamflow statutes  -8.073 -14.044 -13.726 -9.718 -11.684 -4.476 
  (7.937) (25.294) (25.509) (22.003) (26.109) (25.119)         
State irrigation technology 
incentives 

 -8.243 -18.229 -16.863 -28.400 -23.078 -36.488 

  (8.810) (15.423) (15.496) (23.630) (15.538) (26.869)         
Conserved water 
statute*streamflow statute 

   -15.672   -25.871 

    (25.961)   (29.745)         
Conserved water 
statute*incentives 

    10.658  16.060 

     (30.964)  (32.496)         
Conserved water 
statute*efficient irrigation 

     27.657 29.592 

      (19.203) (20.258)         
Constant 98.279*** 42.287*** 200.780* 200.619* 200.696* 202.356* 202.075* 
 (18.945) (14.920) (109.496) (109.607) (109.566) (107.913) (108.023)          
Year fixed effects No No Yes Yes Yes Yes Yes 
State fixed effects No No Yes Yes Yes Yes Yes 
Observations 920 920 920 920 920 920 920 
R2 0.001 0.822 0.836 0.837 0.836 0.837 0.837 
Adjusted R2 0.0004 0.819 0.832 0.832 0.832 0.832 0.832 

Residual Std. Error 172.271 (df 
= 918) 

73.227 (df = 
906) 

70.685 (df = 
893) 

70.716 (df = 
892) 

70.723 (df = 
892) 

70.600 (df = 
892) 

70.655 (df = 
890)  

Note: *p**p***p<0.01 
 
 

The results in the third set of models generally support Hypothesis 3. Conserved water 
statutes were not expected to affect withdrawals of water in agriculture and the results shown in 
Table 3.7 are consistent with this expectation, since the effect of the statutes is not significant in 
any of the models and the effect sizes are relatively small. These results indicate that conserved 
water statutes do not likely affect the amount of water allocated to water rights holders and that 
water rights as property rights generally encourage irrigators to maintain the same level of 
withdrawals rather than leave water to remain instream.  

The other variables have interesting relationships with agricultural water withdrawals. 
Efficient irrigation again has a consistently negative and significant association with 
withdrawals. This is consistent with the idea that increased irrigation efficiency results in 
decreased needs for water supplies, allowing some water to remain in stream or be transferred to 
other uses. Population growth has a strong positive relationship with water withdrawals which 
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may seem puzzling since these are agricultural withdrawals. However, population growth may 
put increased stress on surface water supplies or irrigators may sell or lease some of their water 
to urban areas and pump more groundwater instead, increasing overall withdrawals of 
agricultural water. A similar story may explain why streamflow statutes have a positive 
association with water withdrawals—irrigators may reduce their usage of surface water to adhere 
to streamflow statutes and instead pump groundwater. At the same time, the combined effect of 
streamflow and conserved water statutes may make a decrease in water withdrawals more likely. 
Incentives may also make a decrease in water withdrawals more likely, which makes sense given 
that the use of efficient irrigation technology is associated with lower withdrawals. When 
combined with conserved water statutes, incentives instead have a positive relationship with 
water withdrawals which may result from irrigators who use their conserved water having less 
return flow, requiring other irrigators reliant on that return flow to withdraw water that would not 
have been withdrawn had they been using the return flow. Overall, this third set of models, 
similar to the previous two sets, indicates that the set of state level institutions is important in the 
relationship between water conservation and usage outcomes.  
 
 
Table 3.7:Results for third set of models, Hypothesis 3 
 Dependent variable: Total agricultural water withdrawals, Mgal/d   
 (1) (2) (3) (4) (5) (6) (7)  
State conserved water 
statute 1.183 10.575 -1.042 35.648 -5.316 -16.770 27.632 

 (20.347) (9.840) (20.644) (31.165) (20.985) (35.963) (34.241)         
Efficient irrigation, 
percent acres 

 -149.746*** -176.394*** -176.772*** -177.520*** -186.770*** -193.285*** 

  (23.891) (26.040) (26.025) (26.073) (36.863) (37.727)         
Population growth, 
percent 

 258.810*** 257.898*** 261.213*** 256.564*** 258.937*** 263.042*** 

  (65.368) (64.714) (64.676) (64.661) (64.695) (64.656)         
Total irrigated acres  2.133*** 2.174*** 2.172*** 2.174*** 2.185*** 2.188*** 
  (0.226) (0.207) (0.206) (0.206) (0.212) (0.212)         
Palmer drought severity 
index 

 -11.467*** -6.704 -6.735 -6.680 -6.553 -6.506 

  (3.542) (4.613) (4.608) (4.620) (4.627) (4.610)         
Total annual precipitation  -0.076 -0.121 -0.125 -0.115 -0.125 -0.126 
  (0.137) (0.162) (0.162) (0.162) (0.162) (0.162)         
Agricultural sales, 
millions 

 0.022 0.011 0.012 0.012 0.009 0.009 

  (0.081) (0.074) (0.074) (0.074) (0.076) (0.076)         
Avg. farm size, 1000s 
acres 

 -0.793 -0.495 -0.354 -0.500 -0.554 -0.369 

  (1.126) (1.205) (1.221) (1.204) (1.238) (1.252)         
Orchards, 1000s acres  0.132 0.292 0.292 0.291 0.286 0.281 
  (0.256) (0.250) (0.250) (0.251) (0.249) (0.248)         
Hay crops, 1000s acres  0.658 0.496 0.495 0.501 0.512 0.524 
  (0.466) (0.416) (0.415) (0.417) (0.408) (0.408)         
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State water transfers, 
yearly avg 

 -0.518 -0.035 -0.060 -0.041 0.012 -0.013 

  (0.373) (0.760) (0.758) (0.760) (0.718) (0.723)         
State streamflow statutes  51.601*** 60.225 58.718 154.757*** 66.048 168.636*** 
  (14.037) (40.267) (40.572) (27.418) (41.516) (30.976)         
State irrigation technology 
incentives 

 -57.716*** -31.840* -27.967 -182.599*** -34.106* -192.270*** 

  (11.013) (17.965) (19.100) (50.475) (18.898) (54.555)         
Conserved water 
statute*streamflow statute 

   -42.900   -65.683 

    (34.958)   (39.953)         
Conserved water 
statute*incentives 

    153.295***  165.807*** 

     (48.252)  (51.549)         
Conserved water 
statute*efficient irrigation 

     24.533 35.688 

      (35.281) (37.900)         
Constant 173.981*** 68.222*** 155.411*** 155.437*** 155.696*** 158.290*** 159.946*** 
 (18.673) (18.854) (38.182) (38.077) (38.233) (40.309) (40.553)          
Year fixed effects No No Yes Yes Yes Yes Yes 
State fixed effects No No Yes Yes Yes Yes Yes 
Observations 1,700 1,700 1,700 1,700 1,700 1,700 1,700 
R2 0.00001 0.753 0.765 0.765 0.765 0.765 0.766 
Adjusted R2 -0.001 0.751 0.761 0.761 0.761 0.761 0.761 

Residual Std. Error 251.503 (df 
= 1698) 

125.553 (df = 
1686) 

123.001 (df = 
1669) 

122.989 (df = 
1668) 

122.902 (df = 
1668) 

122.979 (df = 
1668) 

122.804 (df = 
1666)  

Note: *p**p***p<0.01 
 
 
 Altogether, the results of this study indicate that property rights and the irrigation 
efficiency paradox are only part of the story of water conservation in agriculture. If property 
rights were the main mechanism encouraging use of more efficient irrigation methods and 
leading irrigators to productively use conserved water, the paradox would be expected to occur. 
Irrigators would want to maximize the benefits from their water rights by implementing more 
efficient irrigation methods and putting as much of their water towards a productive use as 
possible to produce the highest value combination of crops. Conserved water statutes would then 
increase the use of more efficient irrigation technology, increase consumptive water usage, but 
not have a significant impact on water withdrawals. However, when other factors such as time, 
location, and other state-level policies are included, conserved water statutes do not necessarily 
increase the use of more efficient irrigation technology or increase consumptive usage. There 
may be other mechanisms besides property rights that influence water conservation behavior in 
agriculture.  

For instance, irrigators may not always be economically rational actors when it comes to 
utilizing their property rights for production or they may find alternative means to maximize the 
benefits from their water rights. Irrigators may also value environmental conditions and 
stewardship of water resources and be willing to conserve water and leave the conserved water 
instream, especially when they have the security of knowing this water is not subject to 
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forfeiture. The incentives for installation of more efficient irrigation technology offered at the 
state level, such as tax credits or grants, may motivate the uptake of the technology but not 
necessarily motivate increased water usage. The cost of other inputs to put the conserved water 
to use may outweigh the benefits the conserved water provides. Additionally, irrigators may 
participate in agreements with other actors, such as cities or environmental organizations, to 
lease the conserved water for a price that may be equal to or better than what they could receive 
from growing crops with that water. Finally, even if irrigators wish to maximize the benefits of 
their rights by using conserved water, other institutions may prevent this behavior. 
 State policies and statutes aimed at protecting water resources and managing their usage 
may mitigate the effects of property rights mechanisms and the irrigation efficiency paradox on 
water usage. In the absence of these protections, consumptive usage likely does increase, as 
indicated by literature on the irrigation efficiency paradox (Brinegar and Ward 2009; Dagnino 
and Ward 2012; Grafton et al. 2018). Several of these studies suggest that institutional or 
management arrangements may be necessary to prevent increase in consumptive usage due to the 
paradox (Dagnino and Ward 2012; Ward and Pulido-Velazquez 2008). This analysis indicates 
that this may be the case—the set of institutions for management of water rights and allocation 
across usage matters in influencing the desired outcome. Conserved water statutes alone are 
likely not enough to achieve conservation or allocative efficiency goals. These statutes clarify an 
ambiguity in the legal status of conserved water but are unlikely to initiate direct action, instead 
relying on the motivation of irrigators to take advantage of the benefits provided by the 
clarification.  
 
3.6 Conclusion 
 
 The goal of this analysis was to determine how conserved water statutes affect water 
conservation in agriculture. I expected that the statutes would clarify water rights to conserved 
water, motivating irrigators to maximize the benefits from their property rights by investing in 
more efficient irrigation technology, leading to increases in consumptive usage of water, in line 
with the findings of the irrigation efficiency paradox. The results indicate that conserved water 
statutes may lead to an increase in the use of more efficient irrigation technology, depending on 
other factors, but that they have very little effect on both consumptive usage and withdrawals of 
agricultural water. Additionally, the use of more efficient irrigation technology appears likely to 
decrease consumptive usage, contradicting the irrigation efficiency paradox. Further research 
should address whether these results are consistent when using the basin as the level of analysis, 
rather than the county as in this analysis and utilize yearly data if possible. The results indicate 
that other mechanisms such as streamflow protections may work to mitigate the effects of the 
paradox, providing an avenue for future research into the set of institutions that appropriately 
manages water usage in a manner sustainable for the environment.   
 The lesson that can be taken from these results is that the issue of water conservation in 
agriculture is highly nuanced and dependent on the set of state-level institutions in place to 
manage water use in agriculture and between all uses of water. Incentives for irrigation 
technology and streamflow protection statutes may each independently affect water conservation 
and water usage or may have entirely different effects when combined with conserved water 
statutes. For this reason, policymakers should be clear about the goals and desired outcomes of 
conservation efforts, particularly as relates to the distinction between technical efficiency or 
allocative efficiency. Conserved water statutes may clarify the legal status of conserved water, 
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but they may not be enough to increase technical efficiency on their own, and could benefit from 
being paired with other incentives, including financial ones. If the goal is to reduce water usage 
in agriculture and achieve greater allocative efficiency across uses of water, then conserved 
water statutes likely need to be paired with other statutes protecting and managing water resource 
uses. The set of institutions in place should be carefully considered in order to prevent 
unexpected outcomes and achieve water management goals.  
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Chapter 4: Fish out of water: Incentivizing water conservation in agriculture 
through water markets for restoring streamflow 
 
 
 
4.1 Introduction 
 
 Competition over scarce water resources in the Western U.S. has increased due to 
changing demands from cities, agriculture, and efforts to protect the environment. Longer 
periods of drought have also contributed to scarcity, and policymakers and water managers have 
begun to focus on how to increase the sustainability of water usage and allocation to 
accommodate continued growth by increasing allocative efficiency, where water resources are 
put to the highest value uses to maximize benefits to society (Allan 1999; Benson 2012; 
Huffaker and Whittlesey 2000; MacDonnell 2015; Tarlock 2018). Conserved water statutes are 
one mechanism for reallocating water as they are aimed at incentivizing water conservation in 
agriculture, which can then be transferred to other uses (Schempp 2010; Szeptycki et al. 2015). 
Increasing allocative efficiency also includes setting aside water for the environment in order to 
maintain streamflow levels and protect riparian habitats, particularly for fish species. 
Historically, the prior appropriation doctrine governing surface water rights in the Western U.S. 
did not consider water left instream for the environment to be a beneficial use of water, as it did 
not contribute directly to human survival or economic development. Maintenance of streamflow 
and habitat protection was a low priority until the latter half of the 20th century, when growing 
concern for environmental protection pushed states to make changes to prior appropriation-based 
laws to allow instream water rights to exist (Glennon 2009; Tarlock 2018). However, streamflow 
levels and freshwater fish in the Western U.S. remain at risk from water withdrawals and impacts 
from climate change (Caldwell et al. 2012; Richter et al. 2020; Xenopoulos et al. 2005).  
 In response to scarce water resources, water conservation has become an increasingly 
popular strategy of stretching and expanding water supplies in both cities and agriculture. 
Because 80 percent of water rights in the Western U.S. are associated with agriculture and often 
have the highest priority (i.e. first in line to withdraw their water allocation), increased attention 
focuses on encouraging irrigators to conserve water with the goal of reallocating the conserved 
water to other sectors, such as the environment (Libecap 2011). Some states have made efforts to 
protect water for the environment and streamflow by enacting conserved water statutes, allowing 
conserved water to be exempt from forfeiture if left in the stream and be transferred to instream 
use permanently or temporarily, reallocating agricultural water to the environment (Schempp 
2010; Szeptycki et al. 2015). Additionally, a number of collaborative programs have been 
developed to encourage protection of instream flow and water for the environment and to acquire 
water for instream flows through donations or purchase (Kendy et al. 2018). 

Voluntary environmental water transactions have the potential to incentivize water 
conservation in agriculture for reallocation to instream flow, especially in states with conserved 
water statutes. The market-based structure of these transactions allows participants the flexibility 
to negotiate quantities of water, the length of time period for the transaction, and price. One 
example of this type of program to restore instream flows is the Columbia River Basin Water 
Transactions Program (CBWTP). Studies of the CBWTP have examined the role of transaction 
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costs in program performance (Garrick 2015; Garrick and Aylward 2012), the role of irrigation 
districts in participation in the program (Plumb et al. 2018), and the effectiveness of the program 
as a tool for adaptive management in streamflow restoration (McCoy et al. 2018) but not the role 
of the program in encouraging agricultural water conservation and in achieving policy goals of 
reallocating water from agriculture to the environment. The program has also not been examined 
in conjunction with conserved water statutes. Given the need to be more efficient with water 
usage and allocation, it is important to understand whether the incentives offered by 
environmental water transaction programs encourage participation and meet goals of reallocating 
water from agriculture to the environment, especially when coupled with conserved water 
statutes. It is also important to understand if these programs are having unintended consequences 
such as increased groundwater pumping to compensate for the reallocation of surface water. In 
this paper, I will examine the effectiveness of voluntary environmental transactions programs, 
such as the CBWTP, as policy tools for managing water allocation, specifically at the river-basin 
scale and when combined with conserved water statutes. While I argue that environmental 
transaction programs will encourage water conservation and contribute to a reduction in surface 
water withdrawals in agriculture, especially in areas with conserved water statutes, the results 
indicate that this may not necessarily be the case at the level of the entire river basin.  
 
4.2 Literature review and hypotheses 
 
Prior appropriation and water usage 
 
 Water management in the Western U.S. primarily fails under the prior appropriation 
doctrine of water rights. The doctrine is based on two fundamental concepts: beneficial use and 
priority (Benson 2012; MacDonnell 2015). The exact definition of beneficial use may vary by 
state, but it usually refers to water usage for domestic, municipal, irrigation, or recreation 
purposes. Priority determines the order in which water users receive their allocations of water—
those who make the first claim to a quantity of water from a given source by putting it to 
beneficial use have the highest priority in taking their allocation of water. Water users with 
higher priority, also known as senior users, may exercise their rights before other users, or junior 
users, even in times of drought when there may not be enough water for all users. Any water 
leftover remains instream available for appropriation. The prior appropriation doctrine is 
primarily applied to surface water, but some states have applied a modified version to 
groundwater governance as well (Getches et al. 2015).  
 The prior appropriation doctrine was developed to meet the needs of rapidly expanding 
settlement of the water-scarce West, as opposed to the riparian doctrine governing the wetter 
Eastern U.S. Priority provided security for investments in irrigation and water delivery 
infrastructure and increased supply reliability and consistency—all necessary for rapid growth 
(Libecap 2019; MacDonnell 2015). Requirements for beneficial use discouraged waste of water 
out-of-stream, but these requirements meant that water rights or portions of them left instream 
were also considered waste and subject to forfeiture if not used for a period of time (Benson 
2012; Getches et al. 2015; MacDonnell 2015). As a result of continued settlement and federal 
incentives for land ownership and farming, most Western rivers were almost fully appropriated 
or over-appropriated during growing seasons by the early twentieth century (Benson 2012; 
Reisner 1986).  
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 The focus on rapid expansion and economic growth in the West in the late nineteenth 
century left little room for environmental protection, including protection for instream flow in 
the river systems of the region. One of the major modern criticisms of the prior appropriation 
doctrine is the lack of concern for the environment, including a lack of recognition for instream 
flows, restrictions on holding rights to instream flows, not accounting for the needs of wildlife, 
and not including instream uses and conservation in the definition of beneficial use (Glennon 
2009; MacDonnell 2015; Tarlock 2001; Wilkinson 1989). Some states have begun to remedy 
these omissions through a variety of means, such as: allowing instream appropriations and uses 
of water through enacting new legislation or administrative reinterpretation of general 
appropriation procedures (nearly all prior appropriation states have done one or the other); 
expanding definitions of beneficial use to include recreation (Oregon and Montana, for example) 
or scenic purposes (Washington); removing specific streams or bodies of water from 
appropriation (Oregon and Idaho) or giving them special designations such as “scenic rivers”, 
“recreation rivers”, or “free-flowing rivers” through state statutes (California); and allowing the 
state engineer or state water resources agency to make decisions administratively to deny 
appropriations or protect certain rivers and lakes (Utah, Washington, and Montana) (Getches et 
al. 2015). However, instream flow appropriations are limited to state agencies in most states or 
have significant restrictions when allowing private parties to hold instream rights (Getches et al. 
2015; Szeptycki et al. 2015). Any new appropriations of instream flows will have recent priority 
dates and be junior uses, limiting the amount of protection these rights can provide, though most 
states allow transfers of existing rights to instream use to maintain the original priority date 
(Kendy et al. 2018; Schempp 2010; Szeptycki et al. 2015). While challenges remain, the reforms 
of the prior appropriation doctrine that have taken place provide more options for restoring and 
protecting instream flows. 
 
Water conservation and agriculture 
 
Water conservation in agriculture has become increasingly relevant as a result of changes in 
water demand and climate conditions. Demand for water in the West has increased and will 
continue to increase due to population growth in the region and the increased demand for 
services and products reliant on water by this larger population (Grafton et al. 2017; 2018; 
Schemp 2009). Climate change is also expected to impact water supplies through decreases and 
changes in the timing and intensity of precipitation, decreasing snowpack, and earlier spring 
runoff (Cai et al. 2015; Dettinger et al. 2015). These changing conditions will further aggravate 
existing scarcity as a result of overappropriation in many areas of the West (Schempp 2009). 
Water conservation is proposed as one mechanism for stretching limited water supplies and 
increasing flexibility to supply shocks and changing conditions.  

Another major criticism of the prior appropriation doctrine is that is does not incentive 
water conservation, which may help augment the availability of water for the environment. 
Conservation was not included in the prior appropriation doctrine or defined in terms of 
ownership, allowable usage, or beneficial use (MacDonnell 2015; Noroian 2011; Thompson 
1993). Any water not used beneficially or never diverted from the stream may result in the water 
right being subject to forfeiture, in part or in its entirety. Legal scholars contend that the lack of 
protection from forfeiture and lack of clarity on how conserved water may be used creates too 
much uncertainty for water rights holders, leading to hesitation to engage in water conservation 
(Noroian 2011; Schempp 2009; Szeptycki et al. 2015).  
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In order to counteract the disincentives for water conservation in the prior appropriation 
doctrine, some states have enacted statutes clarifying the use of conserved water. These 
conserved water statutes lessen the disincentives to conserve by giving water users legal 
protection from forfeiture if they conserve water and allow them to use the conserved water as 
part of their normal water right, or with approved changes that do not harm other users 
(Behnampour 2011; Bell 2006; Woodard 2016). Irrigators who conserve water then have the 
security in their water rights to pursue whichever option appeals to them: simply leave the 
conserved water instream or not divert it in the first place, use the water for the original purpose 
on the same land (still growing crops, but changing crop types, for example), seek approval for 
using the water for a new purpose, or transferring the water to another user for the same purpose 
or a new approved purpose. 
 
Environmental water transactions and conserved water statutes 
 
 Environmental water transactions and markets are one type of mechanism used to protect 
and restore streamflow within existing state institutional frameworks. Environmental water 
transactions are agreements where water users agree to change or forgo water use to protect or 
restore streamflow resources in exchange for compensation or other benefits (Kendy et al. 2018). 
Examples of these types of transactions include both permanent and temporary options, such as 
traditional water right sales and leases, forbearance agreements, dry-year options, deficient 
irrigation, split-season leases, or infrastructure upgrades (Kendy et al. 2018; Szeptycki et al. 
2015). These transactions use a market-based approach to voluntarily reallocate water rights to 
the environment (Garrick 2015; Szeptycki et al. 2015). Environmental water transaction 
programs, beginning with non-profit water trusts in Oregon and Washington in the 1990s, 
facilitate these transactions by collaborating with stakeholders to identify areas in need of 
streamflow restoration, negotiate agreements with water rights holders, and secure funding 
(Kendy et al. 2018).  
 Participation of water rights holders, mostly irrigators, in these transactions is driven by 
similar mechanisms to those that drive water usage. Irrigators are motivated to internalize the 
benefits of their water rights by using their water in a way that maximizes benefits as compared 
to costs (Demsetz 1967; Leonard and Libecap 2019). In other words, irrigators weigh the 
benefits from producing various types of crops or maintaining pasture against the costs of 
production, including conveying and applying water. The decision to conserve water or 
implement more efficient irrigation technology weighs the benefits that can be derived from the 
conserved water or more efficient application, such as the ability to use the water or transfer it or 
better yields from better precision in application, against the costs of implementing the water 
conservation measures. Just as priority provided security for investments in irrigation and water 
delivery infrastructure to motivate development of water resources in the West, conserved water 
statutes provide security for investments in water conservation measures and technology, 
removing disincentives to conserve and allowing irrigators to confidently pursue water 
conservation. Irrigators can then use the conserved water to further maximize benefits. 
Environmental transactions may be another option for irrigators to maximize the benefits from 
their water rights. While the financial incentives of receiving payment for transferring their water 
to the environment is often the most compelling, the transactions also help irrigators stay in 
compliance with regulation such as the Endangered Species Act and avoid lawsuits about water 
waste, as well as appeal to the sense of stewardship many farmers have for their land by 
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protecting the local environment and keeping water in the local agricultural community instead 
of sending it to urban areas (Glennon 2009; Kendy et al. 2018). The financial benefits of these 
transactions also allow many irrigators to make improvements to irrigation infrastructure or 
efficiency they would not otherwise have been able to afford, potentially making up for losses in 
production from transferring their water to the environment (Glennon 2009). Prices of these 
transactions then signal shifts in use patterns and allow for greater technical efficiency and 
maximization of productivity (Garrick 2015). The financial incentives offered by environmental 
water transactions motivate irrigators to participate as an alternative option for maximizing the 
benefits of their water right or as an option to increase the benefits received from their water 
rights, such as through upgrading infrastructure. Conserved water statutes, when present, provide 
an extra guarantee against forfeiture of water and protection of the significant cost of investments 
in upgrading infrastructure or implementing water conservation measures. Thus, I expect that 
when the financial incentives, in the form of transaction prices, are higher, irrigators will be more 
likely to participate in environmental water transactions, driving up the number of transactions 
occurring, and this effect will be more likely to be observed in states with conserved water 
statutes. Support for these hypotheses will indicate that there are incentives in place to conserve 
water through participation in environmental water transactions and that these incentives work as 
intended. 
 
Hypothesis 1a: Higher average prices of environmental water transactions will be associated 
with a greater number of transactions.  
Hypothesis 1b: The association between higher average prices of environmental water 
transactions and a greater number of transactions will be more likely in states with conserved 
water statutes. 
 

While the disincentives to conservation in the prior appropriation doctrine has stymied 
irrigators making individual efforts to conserve water, environmental water transactions offer a 
conservation option that works with or without the presence of a conserved water statute. Water 
transfers and markets, both temporary and permanent, are recognized under prior appropriation 
as long as they meet legal or administrative requirements for approval, including for changes in 
purpose and place of use (Getches et al. 2015). By transferring water to parties allowed to hold 
instream water rights, such as state water agencies, irrigators do not risk forfeiture of their water 
rights for the period of the transfer (Szeptycki et al. 2015). Transfers are also beneficial for 
streamflow restoration efforts because transfers of existing water rights retain their original 
priority dates—this seniority allows the water to remain instream above junior uses and make a 
meaningful difference for streamflow. However, conserved water statutes are still beneficial, as 
they allow for flexibility for irrigators in how they implement water conservation and how they 
choose to use the conserved water. For example, an irrigator may wish to first use the conserved 
water to grow a more water intensive crop for a few years and then lease the water for the 
environment for the next few years, or vice versa. A conserved water statute allows for both 
activities and protects the irrigator from forfeiture. Participating in an environmental water 
transaction is an option that offers financial incentives to simply not use the conserved water, as 
compared to the cost and effort of putting the conserved water to use. The water moves out of 
agriculture to the environment, decreasing water needed and used in agriculture. Thus, when 
transfers are utilized to increase streamflow, I expect that higher numbers of transactions, and 
larger transactions, of water from agriculture to the environment will lead to lower withdrawals 
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of surface water in agriculture, and this effect will be more likely to be observed in states with 
conserved water statutes. 
 
Hypothesis 2a: Higher numbers of environmental water transactions will make lower 
withdrawals of surface water in agriculture more likely.  
Hypothesis 2b: The association between higher numbers of environmental water transactions 
and lower withdrawals of surface water in agriculture will be more likely in states with 
conserved water statutes. 
 
Hypothesis 3a: Higher volumes of water involved in environmental water transactions will make 
lower withdrawals of surface water in agriculture more likely.  
Hypothesis 3b: The association between higher volumes of water involved in environmental 
water transactions and lower withdrawals of surface water in agriculture will be more likely in 
states with conserved water statutes. 
  
Unintended consequences 
 
 Environmental water transactions are beneficial to many relevant stakeholders, but they 
may have unintended consequences including when conserved water statutes are in place. Water 
conservation in agriculture has the potential to increase consumptive usage of water at the basin 
level, especially when the conservation is a result of increases in irrigation efficiency—this is 
known as the irrigation efficiency paradox (Grafton et al. 2018 for first reference as a paradox; 
Dagnino and Ward 2012; Pfeiffer and Lin 2014). These changes may materially injure other 
users and impact streamflow. By encouraging water conservation and increases in irrigation 
efficiency, conserved water statutes may also lead to this outcome. This phenomenon occurs 
without increases (or any changes) in withdrawals of water, but it indicates that implementation 
of water conservation methods, including to provide water for environmental transactions, needs 
to be carefully evaluated before and after implementation.  

This is also true of the interaction between surface water and groundwater—
environmental water transactions most often involve only surface water since the goal is to 
restore and maintain the streamflows where the surface water is withdrawn. However, irrigators 
may also hold or may acquire groundwater rights or permits to make up for the surface water 
they transfer to the environment whether through environmental transactions or on their own as a 
result of conserved water statutes. Groundwater is often used by irrigators as a substitute for 
surface water in times of drought (Medellin-Azuara et al. 2015) and as a substitute for surface 
water transferred to growing urban demands in the western U.S. (Bredehoeft and Kendy 2007). 
Increased pumping of groundwater may have detrimental effects on streamflow, including 
reductions in flow and changes in stream temperature harmful to aquatic wildlife (Acero Triana 
et al. 2020; Essaid and Caldwell 2017). Groundwater governance may follow some components 
of prior appropriation in the West to protect some more senior users, but generally water users 
with land overlying groundwater sources may apply for a permit and pump groundwater as long 
as the new use does not interfere substantially with existing uses (Getches et al. 2015). While 
some basins, aquifers, or other designated areas may be managed or controlled with stricter 
limitations on quantities of groundwater used and limit or prohibit new appropriations due to 
significant overdraft or depletion, groundwater has historically been less regulated or litigated 
than surface water, and reform has remained slow (Dellapenna 2012). Thus, there is potential for 
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irrigators engaging in environmental water transactions to augment their remaining water 
supplies by obtaining a permit to pump groundwater, leading to increased groundwater 
withdrawals that may have harmful effects on streamflow. 
 
Hypothesis 4a: More environmental water transactions may make higher groundwater 
withdrawals in agriculture more likely.  
Hypothesis 4b: The association between more environmental water transactions and higher 
groundwater withdrawals in agriculture will be more likely in states with conserved water 
statutes. 
 
 
Table 4.1: Transactions summary statistics  
 Transactions Volume of water, af Conserved water 
State 2005 2010 2015 2005 2010 2015 statute  
Idaho 16 41 31 9808 20499 20249 No 
Montana 27 26 22 49967 10647 16456 Yes 
Oregon 27 53 89 120376 132531 108887 Yes 
Washington 36 57 54 12009 19230 30560 Yes 
 Avg price Surface water withdrawals, af Conserved water 
   statute 
Idaho NA 2.36 3.17 50092094 38594215 40625083 No 
Montana NA 20.66 8.78 9483286 7241504 8163620 Yes 
Oregon NA 10.68 25.06 9992479 8998933 10329863 Yes 
Washington NA 7.49 10.45 10378128 8601896 6742637 Yes  
 

4.3 The Columbia River Basin Water Transactions Program 
 
 The Columbia River Basin is located primarily across four states in the northwestern 
United States (Idaho, Montana, Oregon, and Washington) and portions of Canada. The river and 
its tributaries are home to numerous anadromous (migratory) and resident fish species, including 
the endangered chinook salmon and steelhead. Diminished streamflow has been a chronic threat 
to fish species in this region, with water withdrawals during peak growing seasons leading a 
number of streams and rivers to run low or even dry (McCoy et al. 2018). Water usage in the 
region is governed by the prior appropriation doctrine for both surface and groundwater. In all 
four states, the doctrine is modified in application to groundwater to require permits for 
withdrawals, but strict regulation is reserved for designated critical areas (IDWR 2021; 
MTDNRC 2021; OWRD 2021; WSDE 2021). Three of the four states have enacted conserved 
water statutes: Montana in 1991, Oregon in 1987, and Washington in 1991. Despite the 
limitations within the prior appropriation doctrine identified above for restoring streamflow, 
environmental water transactions are an important tool used in the region to increase streamflow 
for threatened fish species. 
 The Columbia Basin Water Transactions Program (CBWTP) was formed in 2002 by a 
partnership between the National Fish and Wildlife Foundation (NFWF), the Bonneville Power 
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Administration (BPA), and the Northwest Power and Conservation Council (NPCC). This 
program uses a variety of permanent and temporary purchase agreements with agricultural 
irrigators to acquire water for the environment, particularly to improve stream habitats for fish. 
The program works through qualified local entities (QLEs) to broker the voluntary transactions 
with willing sellers (McCoy et al. 2018). From 2002-2019, the CBWTP has engaged in 610 
transactions, restoring more than 1.96 million acre-feet (af) to the Columbia Basin (NFWF 
2021). While primary transaction areas have been identified in various subbasins, the program 
has no restrictions on where the transactions may occur within the Columbia Basin (McCoy et al. 
2018). The Columbia Basin and the CBWTP provide an appropriate setting for this analysis due 
to the active environmental transactions market and the variation in transactions within the 
region, as organized by subbasins along ecological boundaries. The multiple states in the region 
also provide a test of institutional variation across the whole basin, particularly with regard to 
conserved water statutes.  
 
 
Table 4.2: Summary statistics 
Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max  
Total withdrawals, af 186 1,673,589 5,005,518 231.358 41,250.560 1,813,762 41,311,773 
Surface water, af 186 1,286,536 3,653,909 131.311 25,807.590 1,223,235 31,244,907 
Groundwater, af 186 387,053 1,419,641 93.794 8,995.211 182,375 12,576,632 
Transactions 186 2.575 5.889 0 0 1.8 40 
Water volume, af 186 2,963.548 13,068.190 0 0 264.8 116,359 
Avg price 173 7.061 18.465 0.000 0.000 0.000 113.470 
Population growth 186 -0.220 0.456 -0.999 -0.760 0.054 0.148 
Total irrigated acres, 
1000s 186 145.222 376.567 0.062 5.434 114.877 3,009.028 

Efficient irrigation 186 0.744 0.271 0 0.5 1.0 1 
Drought index 186 -1.206 5.636 -33.313 -2.737 0.821 32.680 
Precipitation 186 68.650 115.274 1.103 16.433 70.313 917.774 
Ag sales, 100,000s 186 249,295.100 546,579.100 352.623 21,716.290 261,509.400 4,060,013.000 
Avg farm size, acres 186 1,789.272 2,941.526 4.868 166.633 1,682.131 16,661.310 
Acres orchards 107 8,269.048 18,952.850 1.335 51.566 8,843.380 96,382.750 
Acres hay crops 186 71,912.950 138,310.500 120.232 4,837.043 69,411.330 984,591.900 
Ratio, irrigated acres to 
farm size 186 94.552 103.126 0.242 30.339 113.186 512.610 

Water-intensive crops, 
avg acres 186 67,302.970 138,817.400 85.770 4,506.384 65,377.640 984,591.900 
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4.4 Data and methods 
 
Data 
 
 This analysis addresses the role of environmental water transaction programs and 
conserved water statutes in agricultural water conservation, through the CBWTP. The unit of 
analysis is the subbasin by five-year interval over the period 2005-2015, for a total of 3 five-year 
time intervals. Data for the control variables and the water withdrawals dependent variables are 
at the county level in five-year periods, the same as in Chapter 3, as obtained primarily from the 
US Geological Survey. The CBWTP transactions data was obtained through the appendices of 
the annual program reports available on the program website. Transaction information was 
reported at the subbasin level. The county level data was converted to subbasin level by using 
ArcGIS to create a crosswalk for conversion. Then the CBWTP data was aggregated to every 
five years. Aggregating the data in this manner may lead to information loss of individual 
variation and incorrect inferences, but since the outcomes of interest in this study (amount of 
transactions, water withdrawals at the subbasin level) are not at the individual level, the 
aggregate data can still provide information on the theory (King et al. 1994). Aggregation of 
yearly data to 5-year increments also still provides information on the theory, since streamflow 
restoration goals are more long-term than individual years. There are 62 subbasins in the analysis 
across the 3 time periods, for a total initial n of 186. Price data was missing for some 
transactions, so models that include the average transaction price variable contain 13 less 
observations. The variables are described in the following paragraphs and summary statistics are 
shown in Tables 4.1 and 4.2. 

There are three dependent variables in this analysis. The first is transactions, which is the 
number of newly initiated environmental water transactions in the CBWTP per subbasin per time 
period. This variable was created by summing the number of transactions per subbasin in the 
years preceding and including a given time period. For example, for the year 2010, transactions 
from 2006-2010 were included for the year 2010. Because the first transactions occurred in 2003, 
the year 2005 included transactions from 2003-2005. Multiyear transactions were only included 
for the first year of the transaction. As shown in Table 4.1, the number of transactions has 
increased overall since the beginning of the program. The second (and main) dependent variable 
is surface water withdrawals in agriculture, and the third dependent variable is groundwater 
withdrawals in agriculture. These variables were originally in units of Mgal/d and were 
converted to acre feet (af) for consistency with the volume of water of transactions from the 
CBWTP data As seen in Figures 4.1 and 4.2, surface water withdrawals in the basin decreased 
from 2005-2010, then increased from 2010-2015, with a similar trend within the individual 
states.  

The main independent variables in the analysis are average price, transactions, and 
volume of water transferred. Average price is calculated as the price of a transaction per acre 
foot per year, then averaged by subbasin-year and then by subbasin-time period. Transactions is 
in the same form as the dependent variable for transactions described in the previous paragraph. 
Volume of water is the sum of the water involved in all transactions per subbasin per time 
period, measure in acre feet. Table 4.1 provides a break down of these variables by state and time 
period. The remaining control variables are the same as those in Chapter 3, converted to subbasin 
level: population growth, efficient irrigation percent (percentage of acres irrigated with sprinkler 
or microirrigation, as opposed to flood irrigation), the Palmer Drought Severity Index (PDSI), 
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total annual precipitation, total irrigated acres, average farm size in acres, agricultural product 
sales, acres of land in orchards, and acres of land growing hay crops. Due to multicollinearity in 
several of the control variables, total irrigated acres and average farm size were combined into a 
ratio variable, and land in orchards and acres of hay crops were averaged to get a measure of 
average acres of water-intensive crops grown in a subbasin. Correlations between the variables 
can be seen in the correlation plot in Figure 4.3. An interaction between transactions and 
efficient irrigation percent was also included to determine the combined effect on withdrawals.  

Examining the relationship between transactions and withdrawals reveals that there is no 
clear, dominant trend in the data between these variables and that the volume of water in 
transactions is very small compared to the volume of water withdrawn. The correlation between 
transactions and surface water withdrawals is not negative as expected by theory, but positive for 
the data including all subbasins (correlation of 0.062) and with a moderate positive correlation in 
the data with only the subbasins in states with conserved water statutes (correlation of 0.401), 
represented visually in Figure 4.3. As seen in Table 4.1, transactions increase over time in the 
whole basin and in Oregon, decrease in Montana, and increase then decrease in Idaho and 
Washington. Surface water withdrawals decrease then increase for the entire basin, as seen in 
Figure 4.1, as well as for Idaho, Montana, and Oregon, and decrease for Washington as seen in 
Figure 4.2. Compared to the amounts of water withdrawn by state-time period, the amount of 
water in transactions is only a very small fraction—the volume of water in transactions is on the 
scale of thousands to hundreds of thousands of acre feet, while surface water withdrawals are in 
the millions of acre feet, as seen in Table 4.1. As a result of this large difference, it may be 
difficult to accurately measure the true impact of the size of transactions on surface water 
withdrawals, even at the subbasin level. 
 

Figure 4.1 
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Figure 4.2: Correlation between variables 

Figure 4.3 
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Methods 
 
 Due to the panel structure of the data, a panel data fixed effects model was implemented 
to test the hypotheses using the plm and pglm packages in R. The models using the transactions 
dependent variable were modeled with a Poisson regression version of the panel data fixed 
effects model due to the count structure of the data. The remaining models used OLS regression 
in the panel data fixed effects model. Poisson regression has been shown to be reliable in small 
samples, especially when compared to OLS and logged OLS regression (King 1988), but it has 
also been shown to have increased bias and mean squared error as sample size decreases with 
bias-adjustments to the maximum likelihood estimator recommended for sample sizes under 100 
observations (Chen and Giles 2011). Fixed effects were estimated at the time-period and 
province level. The provinces are Northwest Power and Conservation Council (NPCC) regions 
of the Columbia Basin that group the subbasins into larger administrative regions, following 
subbasin boundaries. Due to the smaller nature of the dataset, fixed effects were used at the 
province-level rather than subbasin-level to avoid issues with overfitting (Gujarati and Porter 
2009). All models were estimated with robust standard errors.  

A subset of the data was created to examine the effect of conserved water statutes in this  
context. The status of conserved water statutes in the states in this dataset does not vary over 
time. Instead of including it as a dummy indicator variable in the regressions, I created a subset 
of the data with only the states with conserved water statutes to compare the effects of the main 
independent variables. The majority of the Columbia Basin is covered by states with conserved 
water statutes, so the comparison to states without the statutes may not have been as reliable as 
directly testing the effect of being in a state with a conserved water statute. The results are then 
shown for each dependent variable with a model run on the full dataset with all subbasins and a 
model run on the subset with only the subbasins in states with conserved water statutes—
Montana, Oregon, and Washington. 

Following the estimation of an initial set of models, the time and area fixed effects were 
examined. Reviewing the model residuals revealed the Upper Snake subbasin in Idaho as an 
outlier influencing the models with all subbasins included. The three observations for the Upper 
Snake subbasin (1 for each time period) were then removed from the dataset for the models run 
on all subbasins. The results of these models when the Upper Snake subbasin was included are 
shown in Appendix B. 
 
4.5 Results and discussion 
  

Results are shown by dependent variable in Tables 4.3, 4.4, and 4.5. I will discuss the 
results by hypothesis. 
 
H1a: Higher average prices of environmental water transactions will be associated with a 
greater number of transactions.  
H1b: The association between higher average prices of environmental water transactions and a 
greater number of transactions will be more likely in states with conserved water statutes. 
 
 There is support for both of these hypotheses as seen in Table 4.3. Average price per acre 
foot has a positive and significant effect on the number of transactions per time period. This may 
indicate that irrigators may be motivated to participate in environmental water transactions as a 
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result of higher prices, or higher payments in exchange for not using part or all of their water 
rights. States with conserved water statutes are likely to see a positive association between 
average transaction price and the number of environmental transactions (Model 2 of Table 4.3), 
but the effect size is smaller than when the state without a conserved water statute is included 
(Model 1 of Table 4.3). These models are likely only indicative of an associative relationship, 
rather than a causal one, as it is only looking at pricing and transactions in the market for 
environmental water, rather than the market as a whole. Other users looking to obtain water, such 
as cities, may offer different prices or incentives for engaging in transactions, and these factors 
may drive prices and quantities of environmental water in the market. There is also likely some 
endogeneity in the relationship between price and number of transactions, as changes in the 
number of transactions may influence prices. However, these results still demonstrate that the 
financial incentives are in place and possibly incentivize irrigators to conserve. In other words, 
the incentives offered by programs like the CBWTP are appealing to irrigators when weighing 
the best way to maximize the benefits of their water rights. 
 
H2a: Higher numbers of environmental water transactions will make lower withdrawals of 
surface water in agriculture more likely.  
H2b: The association between higher numbers of environmental water transactions and lower 
withdrawals of surface water in agriculture will be more likely in states with conserved water 
statutes. 
H3a: Higher volumes of water involved in environmental water transactions will make lower 
withdrawals of surface water in agriculture more likely.  
H3b: The association between higher volumes of water involved in environmental water 
transactions and lower withdrawals of surface water in agriculture will be more likely in states 
with conserved water statutes. 
 
 Table 4.4 includes the results for H2a/b and H3a/b, all of which have little support. The 
relationship between transactions and surface water withdrawals is consistently positive and, in 
some cases, significant. Volume of water has a consistent negative relationship with surface 
water withdrawals across all models, but it is not significant. This indicates that even when there 
are higher numbers of transactions or higher volumes of water being moved out of agriculture to 
the environment, it does not necessarily lead to overall reductions in surface water withdrawals 
in agriculture. As with transactions as the dependent variable, there may be some endogeneity in 
the model in the form of reverse causality between transactions and surface water withdrawals. 
Areas with higher surface water withdrawals may face more critical low streamflow situations as 
a result of the higher withdrawals. These areas may then be targeted for environmental 
transactions over other subbasins with lower levels of withdrawals. As discussed in the 
description of the CBWTP above, there are no limitations on where in the Columbia Basin 
environmental transactions may occur, but there is likely some bias towards areas with more 
critical streamflow conditions.  
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Table 4.3: Results, transactions per subbasin 

 Dependent variable: Transactions per 
subbasin   

Dataset: All subbasins Conserved water 
statutes only 

 (1) (2)  
Avg. price per acre foot 0.034*** 0.030*** 
 (0.0001) (0.0001)    
Population growth -0.759*** -0.669*** 
 (0.00000) (0.00000)    
Efficient irrigation percent -3.732*** -2.842*** 
 (0.00000) (0.00000)    
Drought index (PSDI) 0.005*** -0.0003*** 
 (0.00005) (0.00001)    
Total annual precipitation 0.002** 0.004*** 
 (0.001) (0.0001)    
Ratio, irrigated acres to farm size 0.001 0.001 
 (0.001) (0.001)    
Agricultural sales -0.00000 -0.00000 
 (0.00000) (0.00000)    
Water-intensive crops 0.00001*** 0.00000*** 
 (0.00000) (0.00000)     
Year fixed effects Yes Yes 
Area fixed effects Yes Yes 
Observations 170 129 
Log Likelihood -192.907 -169.735 
Akaike Inf. Crit. 405.814 359.4696  
Note: *p**p***p<0.01 
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Table 4.4: Results, surface water withdrawals 
 Dependent variable: Surface water withdrawals, acre feet   

Dataset: All subbasins Conserved water 
statutes only All subbasins Conserved water 

statutes only 
 (1) (2) (3) (4)  
Transactions per subbasin 10,853.010 8,588.473** 39,669.270** 20,446.200 
 (7,861.851) (4,183.629) (19,609.850) (41,675.980)      
Volume of water, acre 
feet -6.049 -7.899 -6.265 -8.156 
 (10.032) (7.312) (9.887) (7.492)      
Population growth 62,992.680 4,447.330 64,922.440 4,712.902 
 (87,256.180) (58,394.480) (87,461.520) (57,755.280)      
Efficient irrigation 
percent -35,601.220 -228,094.100 27,196.600 -198,621.900 
 (377,391.000) (179,409.700) (392,501.200) (147,646.100)      
Drought index (PSDI) -16,463.910 -22,703.190** -16,826.970 -22,859.480** 
 (10,723.680) (11,383.340) (10,450.970) (11,515.480)      
Total annual precipitation -2,098.661*** -2,012.060*** -1,998.467*** -1,996.182*** 
 (448.547) (282.213) (421.560) (320.132)      
Ratio, irrigated acres to 
farm size 1,579.271* 811.121** 1,529.584* 787.737* 
 (822.827) (380.826) (833.449) (439.578)      
Agricultural sales 0.701 0.523*** 0.709 0.527*** 
 (0.483) (0.189) (0.489) (0.188)      
Water-intensive crops 11.904*** 12.432*** 11.778*** 12.387*** 
 (3.484) (2.782) (3.541) (2.812)      
Transactions*efficient 
irrigation 

  -41,617.060* -14,267.760 
   (25,170.390) (47,333.020)       
Year fixed effects Yes Yes Yes Yes 
Area fixed effects Yes Yes Yes Yes 
Observations 183 141 183 141 
R2 0.625 0.854 0.627 0.855 
Adjusted R2 0.577 0.832 0.576 0.830 

F Statistic 24.436*** (df = 
11; 161) 

64.537*** (df = 11; 
121) 

22.458*** (df = 
12; 160) 

58.752*** (df = 12; 
120)  

Note: *p**p***p<0.01 
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 It is also interesting to note that the interaction between environmental transactions and 
efficient irrigation percent has a negative association with surface water withdrawals (Table 4.4). 
Surprisingly, this coefficient is larger and significant in the model with all subbasins (Model 3) 
as compared to the model on the subset of data for states with conserved water statutes (Model 
4). This is despite the individual coefficients for transactions and efficient irrigation being 
positive in Model 3, compared to Model 4, where efficient irrigation percent has a negative 
relationship with surface water withdrawals in agriculture, as would be expected. It is possible 
that environmental transactions alone are not enough to reduce surface water withdrawals in 
agriculture, but when combined with high percentages of the area using efficient irrigation 
technology, a reduction in withdrawals may be observed. This is supported by anecdotes in the 
literature indicating irrigators sometimes use the money received from the environmental 
transactions to upgrade irrigation infrastructure to increase irrigation efficiency (Glennon 2009).  
 H2b and H3b show little support for the role of conserved water statutes, as seen in 
Models 2 and 4 of Table 4.4. Conserved water statutes are not any more likely to be related to 
lower surface water withdrawals in agriculture due to higher numbers of transactions or larger 
transactions than when these statutes are not present. These models show a positive relationship 
between transactions and surface water withdrawals, providing little support for H2b and H3b. 
The relationship between water volume and surface water withdrawals is negative as expected, 
but the effect size is comparable to the models with all subbasins included. The effect sizes for 
transactions in the conserved water statute models are smaller than when all subbasins are 
included, indicating the positive relationship with surface water withdrawals is weaker, but since 
they are still in the unexpected direction, they provide very little support for H2b and H3b. This 
does not necessarily mean that states with conserved water statutes are not more likely to see 
important impacts on water withdrawals and streamflow restoration when compared to states 
without conserved water statutes, since the majority of the basin is covered by states with 
conserved water statutes.  
 
H4a: More environmental water transactions may make higher groundwater withdrawals in 
agriculture more likely.  
H4b: The association between more environmental water transactions and higher groundwater 
withdrawals in agriculture will be more likely in states with conserved water statutes. 
 
 Lastly, there is little support for H4a/b, as seen in Table 4.5. The relationship between 
transactions and groundwater withdrawals is positive in all models except Model 4, where 
transactions and efficient irrigation percent are interacted in the subset of conserved water statute 
states. This demonstrates that the number of transactions is not likely to contribute to unintended 
consequences of the CBWTP in the form of increased groundwater pumping. However, the 
amount of water involved in the transactions may make the consequence of increased 
groundwater pumping more likely since it is positive and significant in all models, though with a 
small effect size. This means that substitution of withdrawals of groundwater for surface water in 
agriculture when environmental transactions take place may only occur when the amount of 
water involved in the transactions is high.  
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Table 4.5: Results, groundwater withdrawals 
 Dependent variable: Groundwater withdrawals, acre feet   

Dataset: All subbasins Conserved water 
statutes only All subbasins Conserved water 

statutes only 
 (1) (2) (3) (4)  
Transactions per subbasin -11,007.980*** -7,702.891* -7,067.608 4,424.804 
 (3,375.133) (4,376.886) (9,046.540) (11,933.520)      
Volume of water, acre feet 10.509* 12.306*** 14.735*** 12.043*** 
 (6.021) (2.578) (4.026) (2.607)      
Population growth -242,470.900 40,327.840** 15,164.730 40,599.460** 
 (158,289.300) (18,529.440) (23,209.220) (17,579.960)      
Efficient irrigation percent 314,555.300 -114,609.900 252,828.700 -84,466.700 
 (345,029.900) (78,178.980) (225,496.600) (79,177.620)      
Drought index (PSDI) 4,915.435 4,406.380 1,957.769 4,246.536 
 (6,634.370) (13,692.990) (11,497.520) (13,527.140)      
Total annual precipitation -3,434.945** -1.127 -427.199 15.112 
 (1,398.484) (141.713) (415.875) (150.546)      
Ratio, irrigated acres to 
farm size -1,043.030 26.983 -35.680 3.065 
 (803.355) (103.556) (153.969) (105.783)      
Agricultural sales 1.669** 0.283*** 0.478*** 0.287*** 
 (0.790) (0.068) (0.150) (0.067)      
Water-intensive crops 5.757*** 1.995* 1.709 1.950* 
 (2.025) (1.181) (1.729) (1.164)      
Transactions*efficient 
irrigation 

  -3,678.550 -14,592.590 
   (13,112.810) (12,996.340)  
Year fixed effects Yes Yes Yes Yes 
Area fixed effects Yes Yes Yes Yes 
Observations 186 141 183 141 
R2 0.859 0.769 0.638 0.770 
Adjusted R2 0.841 0.733 0.588 0.732 

F Statistic 90.982*** (df = 
11; 164) 

36.690*** (df = 11; 
121) 

23.520*** (df = 
12; 160) 

33.538*** (df = 12; 
120)  

Note: *p**p***p<0.01 
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Discussion 
 
  Altogether, these results are not very favorable towards conserved water statutes. These 
statutes do not appear to make environmental water transactions any more likely, nor do they 
affect surface water withdrawals in agriculture any differently than when they are absent. The 
incentives provided to irrigators by environmental water transactions may help motivate 
irrigators to conserve and contribute to the maintenance of streamflow without the need for 
conserved water statutes. Alternatively, the statutes may not be enough to motivate conservation 
because they do not provide any direct and immediate incentives, particularly financially, like 
environmental transactions do. When weighing the benefits and costs of water conservation, 
irrigators may perceive participation in an environmental water transactions program as less 
costly than attempting to conserve on their own, with the transaction contract guaranteeing 
security for the water right and the program identifying the quantity of water needed to make an 
impact on streamflow and wildlife in that particular location. However, when modeling 
withdrawals of surface water and groundwater, irrigation efficiency has a negative relationship 
with withdrawals for all models with only conserved water statute areas included which is not 
the case for all of the models with all subbasins (as seen in Tables 4.4 and 4.5). If conserved 
water statutes are having an influence on usage of efficient irrigation technology, then this may 
provide a small amount of evidence for their utility. This chapter demonstrates, though, that 
conserved water statutes alone are likely not enough to achieve water management goals related 
to increased streamflow and reallocation of water from agriculture to the environment.  
 
4.6 Conclusion 
 
 This study examined the role of environmental water transactions in agricultural water 
conservation, with a particular focus on the financial incentives for participation in transactions 
and the effect of transactions on agricultural water withdrawals, including when combined with 
conserved water statutes. While financial incentives, in the form of higher prices, is associated 
with higher numbers of environmental transactions, these transactions were not necessarily 
related to lower levels of surface water withdrawals. Higher transactions also did not have 
significant unintended consequences, in the form of increased groundwater withdrawals, though 
high volumes of surface water moving from agriculture to the environment may be related to a 
slight increase in groundwater pumping. The presence of conserved water statutes was also not 
shown to influence the amount of environmental water transactions or the impact of the 
transactions on surface water withdrawals.  
 While the results do not generally support the theoretical expectations offered in this 
paper, this does not mean the CBWTP or environmental water transactions are not an important 
tool for water management and allocation. There are a number of limitations to this analysis and 
the data used. The data were either in 5-year increments or aggregated to 5-year increments to be 
consistent and avoid imputation of large amounts of data. Some of the year to year variation in 
the effects of transactions may have been lost in aggregation. The analysis also only looks at 
whether financial incentives motivate irrigators to participate in environmental water 
transactions, and while the results are somewhat supportive of this idea, it does not measure 
other potential motivations, such as irrigation technology upgrades or environmental 
stewardship—these motivations should be explored in future studies. 
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Additionally, changes in the overall withdrawals of agricultural water in a subbasin may 
not be an accurate measure of the amount of water leaving agriculture for the environment or the 
impact it may be having on local streamflow. The volume of water in environmental transactions 
is quite small in comparison to the amount of water used in irrigated agriculture, so the overall 
measure of surface or groundwater withdrawals may lose these small amounts through rounding 
or other forms of measurement error. A small volume of water in a transaction may also make a 
substantial impact in local streamflow, even if it is not as influential in overall withdrawals. 
Measures of the changes to local streamflow may be a better indicator of the importance of these 
transactions but will not capture motivation for irrigators to participate in them or provide 
insights into changing allocations of water usage across sectors. 

These results indicate that the impacts of environmental water transaction programs are 
likely more nuanced and more local in nature, and the use of these programs as a water 
management and allocation tool may have more success at this scale, rather than larger basin-
wide scales. As competition over water supplies increases coupled with the impacts of drought 
and climate change, programs like this will become more critical for environmental water 
supplies. Future research should focus on evaluating the impacts of the number and size of 
transactions on local level streamflow, as well as better capturing the incentives for irrigators to 
participate in environmental water transactions and streamflow restoration programs.  
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Chapter 5: Conclusion 
 
 
 
 This dissertation explored the interactions between water governance institutions and 
water usage in the context of water conservation in agriculture in the Western U.S. Changing 
conditions and demands for water supplies have motivated a push for water conservation in 
agriculture due to the large volume of water used in that industry, but the impact of various 
institutions on conservation behavior had not yet been empirically tested. As a result, I designed 
my dissertation to answer the following question: why does water conservation occur in 
agriculture in the Western U.S. and result in increased consumptive usage of water? This puzzle 
is complicated further in light of the disincentives and constraints on conservation from the prior 
appropriation governance institutions prevalent in the West. To answer, I explored the 
motivations and intentions for considering and adopting conserved water statutes, I directly 
tested the effect of conserved water statutes on water conservation in the form of irrigation 
efficiency along with the effects of the statutes on consumptive and total water usage in 
agriculture, and I examined the relationship between conserved water statutes and voluntary 
environmental water transactions. I expected that conserved water statutes would create an 
institutional incentive for water conservation in agriculture by remedying the major disincentives 
in the prior appropriation system. While the analyses showed some evidence of this effect from 
conserved water statutes, this dissertation also likely demonstrates a mismatch between the 
intentions and goals of policymakers and the impacts of these statutes on actual water usage—
indicating that they may not be the most appropriate policy tool for incentivizing water 
conservation.  
 Theoretically, I expected that conserved water statutes would incentivize conservation by 
clarifying property rights in water, so consumptive water usage should increase when users are 
fully using their water rights, meaning the irrigation efficiency paradox is not actually 
paradoxical. Analyses of the prior appropriation doctrine and water laws in the West by legal 
scholars contend that conserved statutes will remove disincentives to conserve by protecting 
conserved water from forfeiture and clarifying who has the right to conserve water and how, but 
they do not empirically analyze the effects of these statutes on water conservation or water usage 
(MacDonnell 2015; Noroian 2011; Thompson 1993). Studies of irrigation efficiency demonstrate 
that increases in irrigation efficiency may lead to increased consumptive water usage at the basin 
level, termed the irrigation efficiency paradox, but they do not incorporate the influence of other 
institutional or management mechanisms that may moderate the effects of higher efficiency 
irrigation on consumptive usage (Brinegar and Ward 2009; Dagnino and Ward 2012; Grafton et 
al. 2018). I argued that irrigators should be expected to maximize the benefits from their property 
rights, so by clarifying the status of conserved water, irrigators will feel secure in investing in the 
implementation of conservation methods such as more efficient irrigation technology. Given the 
results of the irrigation efficiency studies, consumptive water usage should then be expected to 
increase, absent any further management of water usage. When defining water conservation as 
increases in efficiency, or technical efficiency, as much of the literature and state laws do, 
conserved water statutes are then effective at incentivizing water conservation. The same is not 
true for allocative efficiency, where water is directed towards higher value uses to maximize 
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benefits for society (Allan 1999; Huffaker and Whittlesey 2000). When policymakers and other 
stakeholders use the term conservation loosely while discussing water management goals that 
actually aim to reduce water usage or withdrawals and contribute to greater allocative efficiency, 
conserved water statutes may not be effective at incentivizing these goals. Achieving greater 
allocative efficiency requires more than just incentives for individual actions; it requires 
management of water usage to direct water to lower “priority” but higher value uses or increased 
flexibility to allow market mechanisms to reallocate water to high value uses. The results of the 
three empirical analyses, summarized in the next three paragraphs, provide some support to the 
idea that conserved water statutes may incentivize water conservation, but these results are most 
enlightening in demonstrating the importance of the distinction between ideas of technical 
efficiency and allocative efficiency and the role of other water management institutions and 
programs.  
 The first empirical chapter, Chapter 2, examined the motivations behind conserved water 
statutes, including why some states considered and/or adopted these statutes while other states 
did not consider or adopt them. The results indicated that recognition of a lack of fit between 
existing water governance institutions and current water usage preferences contributed to a 
conserved water statute being considered. Once under consideration, recognition of problem 
severity and the involvement of key stakeholders increased the likelihood of a statute being 
enacted. Examination of academic and news articles, as well as legislative hearings on the topic 
also indicated the salience and controversy over the impacts of the statutes on return flow. Many 
irrigators and legislators, especially in Colorado, were concerned that allowing the use or transfer 
of conserved water would reduce return flows, harming other water rights users. Interestingly, 
most environmental groups supported conserved water statutes, despite the potential for reduced 
return flows in reducing streamflow levels. The contribution of return flow to streamflow may 
not be well understood by supporters of conserved water statutes, or their focus on allocative 
efficiency may influence a desire to see a redistribution of water resources. Overall, the clear 
message out of this chapter was the intent behind conserved water statutes: correct the mismatch 
between institutions and water usage preferences to encourage water conservation and alleviate 
water stress, with water conservation in this instance referring to reductions in water usage. In 
other words, the goal of these statutes is usually to provide a tool to stretch scarce water supplies, 
including through water transfers, and increase allocative efficiency.  
 The second empirical chapter, Chapter 3, tested the effects of conserved water statutes on 
water conservation, consumptive water usage, and water withdrawals. According to the 
theoretical expectations of this dissertation, the statutes should have led to greater water 
conservation, increased consumptive usage, and little effect on withdrawals since they do not 
change allocations of individual water rights. These expectations are in line with the logic of the 
irrigation efficiency paradox. However, the results showed only a little support for conserved 
water statutes leading to higher usage of more efficient irrigation technologies, and the statues 
had little effect on consumptive usage and total water withdrawals in agriculture. The surprising 
finding was that higher usage of efficient irrigation technology may lead to a decrease in both 
consumptive usage and water withdrawals, contradicting the irrigation efficiency paradox. 
Additionally, other institutional mechanisms were shown to have meaningful effects alone and 
when interacted with conserved water statutes. State irrigation technology incentives appeared to 
be more likely to incentivize water conservation than conserved water statutes alone and more 
likely to be associated with lower total water withdrawals; when interacted with conserved water 
statutes, both water conservation and total withdrawals were higher. Streamflow protection 
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statutes also appeared to individually be associated with usage of more efficient irrigation, have a 
negative association with consumptive usage, and correlate with an increase in total withdrawals. 
The results of this analysis leads to two important points: 1) the irrigation efficiency paradox 
may not always occur with increases in irrigation efficiency; and 2) other state level institutions 
may be individually better at achieving water management goals than conserved water statutes, 
but the entire set of institutions in place matters in determining water usage outcomes. 
 The third and final empirical chapter, Chapter 4, explored the impact of conserved water 
statutes on water usage outcomes in agriculture when coupled with voluntary environmental 
water transactions, such as the Columbia River Basin Water Transactions Program. I expected 
that the presence of conserved water statutes, by removing institutional barriers to water 
conservation, would make environmental water transactions more likely and result in water 
being reallocated from agriculture to the environment. However, the effects of transaction price 
on incentivizing the number of transactions or the impacts of the transactions on surface and 
groundwater withdrawals in agriculture do not appear to be substantially different for the subset 
of subbasins located within states with conserved water statutes, as compared to when all 
subbasins are included. Regardless of conserved water statute status, higher transaction prices are 
associated with higher participation in environmental water transactions, but these transactions 
are not related to decreases in agricultural withdrawals of surface water, instead being related to 
increases. The volume of water involved in the transactions has the expected relationship with 
withdrawals, but it is a very small effect (tiny fractions of an acre foot). Despite the potential 
limitations of this analysis, the presence of conserved water statutes may not be likely to provide 
any extra assistance to efforts to reallocate water to the environment. This contradicts not only 
my own expectations, but the expectations of the legal scholars and other advocates of conserved 
water statutes, meaning these statutes are less likely to be helpful in achieving water 
management goals related to conservation and streamflow protection.  
 The answer to the research question of this dissertation could be summed up quite 
simply: why does conservation occur? Financial incentives; why does conservation lead to 
increased consumptive usage of water? It doesn’t always. Of course, the answer is much more 
nuanced than that. However, one part of this answer is quite simple: conserved water statutes are 
likely not the only answer. As the analysis in Chapter 3 showed, conserved water statutes may 
not be particularly important for higher usage of efficient irrigation technology, but state-level 
incentives, including tax breaks and grant programs, did appear to be relevant for higher usage of 
these technologies. The literature on subsidies for implementation of more efficient irrigation 
technology also provides support for the relevance of financial incentives in encouraging water 
conservation in agriculture (Brinegar and Ward 2009; Dagnino and Ward 2012). Chapter 4 also 
lends some support to the role of financial incentives in incentivizing conservation, due to the 
association between higher average prices of environmental water transactions and higher 
numbers of transactions. Additionally, as Chapter 3 demonstrated, increased irrigation efficiency 
may not always lead to increased consumptive usage of water, and conserved water statutes may 
not either.  
 While the implementation and impacts of conserved water statutes do not provide much 
support for the theoretical expectations of this dissertation (or those of the advocates for 
conserved water statutes), the motivation and rationale behind their adoption does provide 
support, as seen in Chapter 2. Forfeiture for non-use does present an institutional barrier to water 
conservation, if only as the roar of a mouse. Irrigators and other stakeholders certainly perceive 
the threat of forfeiture as very real, even if it is rarely enforced. Supporters of conserved water 
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statutes did believe that removing the disincentives to conserve and clarifying the legal status of 
conserved water would lead to greater water conservation, as water users would be able to use 
their rights to the fullest extent. The importance of return flow in these discussions also provides 
support for the expectations of increased consumptive usage, even if it is not always the 
outcome. Opponents of the statutes frequently cited changes to return flow, often reductions, as 
reasons conserved water statutes should not be adopted, along with general uncertainty about the 
impacts of the statutes on other users. Increases in consumptive usage directly reduce the amount 
of return flow (return flow equals withdrawals or diversions less consumptive use), so critics of 
the statutes were right to be concerned given the studies demonstrating the impacts increased 
irrigation efficiency has on consumptive usage.  
 The implications of the results of this dissertation for the irrigation efficiency paradox are 
uncertain at the moment, but there is support for the idea that it may be able to be prevented 
through more careful management. On one hand, the results, especially in Chapter 3, 
demonstrate that the paradox is less likely to be observed in a large-scale analysis with county-
level units. On the other hand, most studies of the impact of irrigation efficiency on water usage 
that demonstrate the paradox are at the basin level. It is possible that the paradox is only visible 
at the appropriate scale, where the analysis matches the boundaries of the resource (Ostrom 
2005). However, water usage decisions are often made at the levels of political boundaries such 
as states, counties, or irrigation districts, so understanding the absence of the paradox from the 
point where decisions are made is important for understanding the effects of policies put in place 
along these boundaries. At the same time, the Chapter 4 analysis does provide some potential 
evidence of a lack of the paradox when the units of analysis are at the subbasin level due to the 
negative relationship between efficient irrigation and both surface and groundwater withdrawals 
(there was not enough data on consumptive usage for testing, but consumptive usage is highly 
correlated with both surface and groundwater withdrawals with correlations of 0.78 and 0.81 
respectively). This dissertation does not provide enough evidence to dispute the existence of the 
phenomenon of increased consumptive water usage as a result of increases in water conservation 
in the form of increased irrigation efficiency, but it does reinforce the argument that this is not a 
“paradox” per se or a counterintuitive outcome since the institutional incentives of the prior 
appropriation doctrine inherently motivate maximization of the productivity of every drop of 
water. Given the complexities of motivations for water usage, governance of water resources and 
rights, variations in crop water needs, and hydrological characteristics, outcomes are highly 
context-dependent, so it is necessary to consider as many individual mechanisms and their 
interactions as possible in order to more accurately determine how to produce the desired 
outcome or anticipate unintended consequences. 
  Consideration of all the moving parts is also important in order to achieve the water 
management and allocation outcomes actually desired by policymakers and water users. The 
effectiveness of conserved water statutes must be measured against the intent and goals of 
policymakers and water users in supporting and adopting them. Chapter 2 clearly indicates the 
goals behind conserved water statutes are to encourage water conservation. Again, the definition 
of the term conservation is crucial—is the goal to encourage increases in technical efficiency of 
water usage or to encourage reductions in water usage and withdrawals and increase allocative 
efficiency? The discussions related to water stress focus on concerns over current and future 
water supply availability, including robustness to drought, climate change, and other supply 
shocks, as well as ensuring availability and flexibility across different types of uses, from cities 
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to the environment. The identified need for conservation is clearly based in goals of increased 
allocative efficiency, rather than technical efficiency.  

Evaluating the success of conserved water statutes in this manner in this dissertation does 
not provide conclusive evidence for the success of conserved water statutes in increasing either 
type of efficiency, due to limitations in the data and analysis, but some lessons can be taken from 
the findings to provide avenues for further research. The presence of the irrigation efficiency 
paradox would be indicative of increased technical efficiency, so its absence may be one 
indication conserved water statutes are not increasing technical efficiency. Chapter 3 provides 
only limited support for increased technical efficiency as a direct result of conserved water 
statutes, but when combined with state irrigation technology incentives, conserved water statutes 
are significantly associated with higher technical efficiency and slightly higher, but insignificant, 
consumptive water usage. Chapter 3 also provides some support for increased allocative 
efficiency because efficient irrigation technology is associated with lower consumptive usage 
and withdrawals in agriculture, but this is not the case when combined with conserved water 
statutes. Chapter 4 examined allocative efficiency through the movement of water from 
agriculture to the environment as a result of environmental water transactions, but conserved 
water statutes were not shown to be more likely to be related to higher allocative efficiency as 
compared to when states without the statutes were included in the analysis. Taken altogether, 
these results potentially indicate that conserved water statutes may be less likely to achieve the 
intended goals of policymakers and water users, as they do not lead to an increase in allocative 
efficiency. They may contribute to increased technical efficiency, somewhat supporting the 
theoretical expectations of this dissertation and providing some support for the existence of the 
irrigation efficiency paradox.  
 This dissertation contributes to the literature through a comprehensive examination of 
conserved water statutes. It fills a gap in the legal literature on conserved water statutes by 
directly testing the effects of the statutes on water conservation and water usage, particularly in 
Chapter 3. This complements the agricultural economics literature demonstrating the irrigation 
efficiency paradox by evaluating the potential for governance institutions to mitigate the 
undesirable impacts of increase irrigation efficiency. Chapter 2 also contributes to the literatures 
on institutional fit and institutional change by exploring how resource system users respond to 
institutional misfit and the conditions motivating them to enact changes. Despite these 
contributions, further research is needed to determine if institutional mechanisms can also 
mitigate the effects of the irrigation efficiency paradox when analyzed at the basin level, as well 
as to causally confirm the results of this dissertation through more precise data. Additionally, the 
impacts of other types of institutions on water conservation and irrigation efficiency should be 
evaluated to determine other effective ways of incentivizing water conservation, reducing in 
water usage, or protecting streamflow. Certain types of mechanisms or combinations of 
mechanisms may work better or worse depending on the exact goal and context, providing a 
fruitful avenue for future research.  
 Additionally, this dissertation has implications for policymaking related to water 
management in the Western U.S., specifically water conservation in agriculture. The main 
message from this dissertation indicates that conserved water statutes may not be an appropriate 
policy tool for incentivizing water conservation on their own, especially when that water 
conservation is intended to increase allocative efficiency rather than technical efficiency. While 
it may be important to alleviate concerns related to forfeiture, this can be done without also 
allowing the usage of conserved water for consumptive uses, avoiding controversy around the 
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unclear impacts to return flow and avoiding other unintended consequences in water usage 
patterns. Additionally, policymakers should consider the entire institutional set up related to 
water usage and how it structures motivations for water usage and water usage patterns. This 
includes being clear about the goals and desired outcomes in water management, particularly in 
defining conservation. Other policy tools, such as water markets or caps on water usage, may be 
better suited to achieve goals of allocative efficiency.   
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Appendices 
 
 
 
Appendix A: Chapter 2 supplemental statistics and models 
 
 
Table A1: Necessary conditions 
 

Condition or substitutable conditions Consistency Coverage 

Model 1a 

Legal incentives 1.0 0.455 

Markets 0.4 0.222 

Streamflow 0.4 0.4 

Water stress 1.0 0.455 

Interest groups 0.4 0.667 

State governments 1.0 0.417 

Local governments 0.8 0.333 

Actor diversity 0.6 0.5 

Legal incentives + markets + streamflow 1.0 0.333 

Interest groups + state govts + local govts + actor diversity 1.0 0.333 

Model 1b 

~Legal incentives 0.5 1.0 

~Markets 0.417 0.625 

~Streamflow 0.75 0.75 

~Water stress 0.5 1.0 

~Interest groups 0.917 0.786 

~State governments 0.417 1.0 

~Local governments 0.333 0.8 

~Actor diversity 0.75 0.818 

~Legal incentives + ~markets + ~streamflow 0.917 0.733 

~Int grps + ~state govts + ~local govts + ~actor diversity 0.917 0.733 

Model 2a 

Legal incentives 1.0 0.455 

Markets 0.4 0.286 
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Streamflow 0.4 0.667 

Water stress 1.0 0.625 

Interest groups 0.4 0.667 

State governments 1.0 0.556 

Local governments 0.8 0.444 

Actor diversity 0.6 0.6 

Legal incentives + markets + streamflow 1.0 0.385 

Interest groups + state govts + local govts + actor diversity 1.0 0.714 

Model 2b 

~Legal incentives 0.25 1.0 

~Markets 0.375 0.5 

~Streamflow 0.875 0.7 

~Water stress 0.625 1.0 

~Interest groups 0.875 0.7 

~State governments 0.5 1.0 

~Local governments 0.375 0.75 

~Actor diversity 0.75 0.75 

~Legal incentives + ~markets + ~streamflow 0.875 0.636 

~Int grps + ~state govts + ~local govts + ~actor diversity 0.875 0.636 

Model 3a 

Legal incentives 0.833 1.0 

Markets 0.667 0.667 

Streamflow 0.167 0.333 

~Streamflow 0.833 0.714 

Water stress 0.5 0.5 

Interest groups 0.167 1.0 

State governments 0.333 0.4 

~State governments 0.667 0.8 

Local governments 0.667 0.571 

~Local governments 0.333 0.667 

Actor diversity 0.167 0.5 

Legal incentives + markets +streamflow 1.0 0.75 

Interest groups + state govts + local govts + actor diversity 0.833 0.625 

Model 3b 

~Legal incentives 1.0 0.8 
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~Markets 0.5 0.5 

~Streamflow 0.5 0.286 

Streamflow 0.5 0.667 

~Water stress 0.25 0.25 

~Interest groups 1.0 0.444 

~State governments 0.25 0.2 

State governments 0.75 0.6 

~Local governments 0.25 0.333 

Local governments 0.75 0.429 

~Actor diversity 0.75 0.375 

~Legal incentives + ~markets + ~streamflow 1.0 0.444 

~Int grps + ~state govts + ~local govts + ~actor diversity 1.0 0.444 

 
 

Table A2: Sufficient conditions 
 

Condition Consistency Coverage 

Model 1a 

Legal incentives 0.455 1.0 

Markets 0.222 0.4 

Streamflow 0.4 0.4 

Water stress 0.455 1.0 

Interest groups 0.667 0.4 

State governments 0.417 1.0 

Local governments 0.333 0.8 

Actor diversity 0.5 0.6 

Legal incentives*markets*water stress 0.5 0.4 

Legal incentives*water stress 0.714 1.0 

Markets*water stress 0.333 0.4 

Streamflow*water stress 0.667 0.4 

Legal incentives*water stress*state governments 1.0 1.0 

Legal incentives*water stress*local governments 0.667 0.8 

Legal incentives*water stress*actor diversity 1.0 0.6 

Legal incentives*water stress*interest groups 1.0 0.4 

Water stress*interest groups 1.0 0.4 
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Model 1b 

~Legal incentives 1.0 0.5 

~Markets 0.625 0.417 

~Streamflow 0.75 0.75 

~Water stress 1.0 0.5 

~Interest groups 0.786 0.917 

~State governments 1.0 0.417 

~Local governments 0.8 0.333 

~Actor diversity 0.818 0.75 

~Legal incentives*~markets*~water stress n/a n/a 

~Legal incentives*~water stress 1.0 0.167 

~Markets*~water stress 1.0 0.25 

~Streamflow*~water stress 1.0 0.333 

~Legal incentives*~water stress*~state governments 1.0 0.083 

~Legal incentives*~water stress*~local governments 1.0 0.167 

~Legal incentives*~water stress*~actor diversity 1.0 0.167 

~Legal incentives*~water stress*~interest groups 1.0 0.167 

Model 2a 

Legal incentives 0.455 1.0 

Markets 0.286 0.4 

Streamflow 0.667 0.4 

Water stress 0.625 1.0 

Interest groups 0.667 0.4 

State governments 0.556 1.0 

Local governments 0.444 0.8 

Actor diversity 0.6 0.6 

Legal incentives*markets*water stress 0.5 0.4 

Legal incentives*water stress 0.714 1.0 

Markets*water stress 0.4 0.4 

Streamflow*water stress 1.0 0.4 

Legal incentives*water stress*state governments 1.0 1.0 

Legal incentives*water stress*local governments 0.667 0.8 

Legal incentives*water stress*actor diversity 1.0 0.6 

Legal incentives*water stress*interest groups 1.0 0.4 

Water stress*state governments 1.0 1.0 
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Model 2b 

~Legal incentives 1.0 0.25 

~Markets 0.5 0.375 

~Streamflow 0.7 0.875 

~Water stress 1.0 0.625 

~Interest groups 0.7 0.875 

~State governments 1.0 0.5 

~Local governments 0.75 0.375 

~Actor diversity 0.75 0.75 

~Legal incentives*~markets*~water stress n/a n/a 

~Legal incentives*~water stress 1.0 0.125 

~Markets*~water stress 1.0 0.375 

~Streamflow*~water stress 1.0 0.5 

~Legal incentives*~water stress*~state governments n/a n/a 

~Legal incentives*~water stress*~local governments 1.0 0.125 

~Legal incentives*~water stress*~actor diversity 1.0 0.125 

~Legal incentives*~water stress*~interest groups 1.0 0.125 

~Legal incentives*~state governments 1.0 0.125 

Model 3a 

Legal incentives 1.0 0.333 

Markets 0.667 0.667 

Streamflow 0.5 0.5 

~Streamflow 0.714 0.833 

Water stress 0.5 0.5 

Interest groups 1.0 0.167 

State governments 0.4 0.333 

~State governments 0.8 0.667 

Local governments 0.571 0.667 

~Local governments 0.667 0.333 

Actor diversity 0.5 0.167 

Legal incentives*markets*water stress 1.0 0.333 

Legal incentives*water stress 1.0 0.333 

Markets*water stress 0.75 0.5 

Streamflow*water stress 0.0 0.0 

Legal incentives*water stress*state governments n/a n/a 
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Legal incentives*water stress*~state governments 1.0 0.333 

Legal incentives*water stress*local governments n/a n/a 

Legal incentives*water stress*~local governments n/a n/a 

Legal incentives*water stress*actor diversity n/a n/a 

Legal incentives*water stress*interest groups n/a n/a 

~Streamflow*water stress 0.6 0.5 

~Streamflow*~state governments 1.0 0.667 

Model 3b 

~Legal incentives 0.8 1.0 

~Markets 0.5 0.5 

~Streamflow 0.286 0.5 

Streamflow 0.667 0.5 

~Water stress 0.25 0.25 

~Interest groups 0.444 1.0 

~State governments 0.2 0.25 

State governments 0.6 0.75 

~Local governments 0.333 0.25 

Local governments 0.428 0.75 

~Actor diversity 0.375 0.75 

~Legal incentives*~markets*~water stress n/a n/a 

~Legal incentives*~water stress 1.0 0.25 

~Markets*~water stress 0.0 0.0 

~Streamflow*~water stress 0.0 0.0 

Streamflow*~water stress 0.5 0.25 

~Legal incentives*~water stress*~state governments 1.0 0.25 

~Legal incentives*~water stress*state governments n/a n/a 

~Legal incentives*~water stress*~local governments 1.0 0.25 

~Legal incentives*~water stress*local governments n/a n/a 

~Legal incentives*~water stress*~actor diversity 1.0 0.25 

~Legal incentives*~water stress*~interest groups 1.0 0.25 

~Local governments*~actor diversity 0.167 0.25 

~Legal incentives*streamflow 1.0 0.5 

~Legal incentives*state governments 1.0 0.75 
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Table A3: QCA parsimonious solutions 
 
 
 

a. Model 1a: Statute status 

Statute status = Legal incentives*Markets*Streamflow*Water stress*Interest groups*State governments*Local governments*Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
Coverage 

(1) P   P  P   1.0 

Solution coverage: 1.0; Consistency: 1.0 

b. Model 1b: ~Statute status 
~Statute status = ~Legal incentives*~Markets*~Streamflow*~Water stress*~Interest groups*~State governments*~Local governments*~Actor 
diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1)    A     0.25 

(2) A        0.25 

(3)      A   0.167 

Solution coverage: 1.0; Consistency: 1.0 

c. Model 2a: Proposed bill status 
Proposed bill status = Legal incentives*Markets*Streamflow*Water stress*Interest groups*State governments*Local governments*Actor 
diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1)    P  P   1 

Solution coverage: 1.0; Consistency: 1.0 
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d. Model 2b: ~Proposed bill status 
~Proposed bill status = ~Legal incentives*~Markets*~Streamflow*~Water stress*~Interest groups*~State governments*~Local 
governments*~Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1)    A     0.5 

(2)      A   0.375 

Solution coverage: 1.0; Consistency: 1.0 

e. Model 3a: No statute (Failed bill) 

No statute = Legal incentives*Markets*Streamflow*Water stress*Interest groups*State governments*Local governments*Actor diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1) P        0.333 

(2)   A   A   0.167 

Solution coverage: 1.0; Consistency: 1.0 

f. Model 3b: ~No statute (~Failed bill) 
~No statute = ~Legal incentives*~Markets*~Streamflow*~Water stress*~Interest groups*~State governments*~Local governments*~Actor 
diversity 

Solutions Legal 
incentives Markets Streamflow Water 

stress 
Interest 
groups 

State 
governments 

Local 
governments 

Actor 
diversity 

Unique 
coverage 

(1) A  P      0.25 

(2) A     P   0.5 

Solution coverage: 1.0; Consistency: 1.0 
Note: The * represents the operator AND; ~ represents negation or NOT. Conditions are shown in the columns with solutions for each model in the rows. ‘P’ 
represents the presence of the condition and ‘A’ represents the absence, with uppercase letters indicating the conditions from the parsimonious solutions and 
lowercase those not in the parsimonious solutions. Conditions not present in the solutions are not shown here, as represented by an empty cell. The solutions 
represent configurations of conditions when multiple conditions are part of a solution. For example, Solution (1) of Model 3b would read: fewer legal 
incentives and more discussion on streamflow and fewer interest groups involved and lower diversity of actors involved results in no failed bills proposed, 
where the upper case letters in this solution represent the combination of fewer legal incentives and more discussion on streamflow as one of the parsimonious 
solutions. See the text for explanation of coverage and consistency and further explanation of interpretation of the model.  
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Appendix B: Chapter 3 supplemental statistics and models 
 
 
Standardized mean differences for propensity score estimation, first and third sets of models: 
 
irrtotal = total irrigation acres; totannualprecip = annual precipitation; farmsales = agricultural 
sales; streamflow = streamflow statute; incentives = state irrigation technology incentives 
 
Balance Measures 
                                   Type Diff.Un Diff.Adj 
distance                       Distance  1.7367  -0.0001 
irrtotal                        Contin.  0.3337  -0.0546 
totannualprecip                 Contin.  0.3141   0.0442 
farmsales                       Contin.  0.3747  -0.0399 
streamflow                       Binary  2.6505   0.0049 
incentives                       Binary -0.5730  -0.0333 
I(irrtotal^2)                   Contin.  0.2217  -0.0164 
I(irrtotal^3)                   Contin.  0.1631  -0.0039 
I(irrtotal^4)                   Contin.  0.1307  -0.0008 
I(irrtotal^5)                   Contin.  0.1119  -0.0001 
I(irrtotal^6)                   Contin.  0.1005   0.0000 
I(irrtotal^7)                   Contin.  0.0929   0.0000 
I(irrtotal^8)                   Contin.  0.0875   0.0000 
I(totannualprecip^2)            Contin.  0.3460   0.0183 
I(totannualprecip^3)            Contin.  0.3284  -0.0127 
I(totannualprecip^4)            Contin.  0.2913  -0.0351 
I(farmsales^2)                  Contin.  0.2333  -0.0182 
irrtotal * totannualprecip      Contin.  0.3742  -0.0472 
totannualprecip * farmsales     Contin.  0.3919  -0.0333 
irrtotal * streamflow_0         Contin. -2.7956   0.0265 
irrtotal * streamflow_1         Contin.  0.4881  -0.0559 
farmsales * incentives_0        Contin.  0.3615  -0.0487 
farmsales * incentives_1        Contin.  0.1002   0.0051 
totannualprecip * streamflow_0  Contin. -3.7702  -0.0010 
totannualprecip * streamflow_1  Contin.  0.9169   0.0427 
farmsales * streamflow_0        Contin. -1.5636   0.0352 
farmsales * streamflow_1        Contin.  0.4615  -0.0418 
streamflow_0 * incentives_0      Binary -1.2533  -0.0049 
streamflow_1 * incentives_0      Binary  1.1902   0.0335 
streamflow_0 * incentives_1      Binary -0.7737   0.0000 
streamflow_1 * incentives_1      Binary  0.2170  -0.0333 
 
Sample sizes 
                     Control Treated 
All                  2689.       914 
Matched (ESS)         193.49     850 
Matched (Unweighted)  409.       850 
Unmatched            1175.         0 
Discarded            1105.        64 
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Standardized mean differences for propensity score estimation, second set of models: 
 
Balance Measures 
                                   Type Diff.Un Diff.Adj 
distance                       Distance  1.5470   0.0002 
irrtotal                        Contin.  0.3227  -0.0666 
totannualprecip                 Contin.  0.1908  -0.0207 
farmsales                       Contin.  0.3603  -0.0646 
streamflow                       Binary  2.7126   0.0000 
incentives                       Binary -0.3912   0.0840 
I(irrtotal^2)                   Contin.  0.2108  -0.0330 
I(irrtotal^3)                   Contin.  0.1512  -0.0101 
I(irrtotal^4)                   Contin.  0.1207  -0.0027 
I(irrtotal^5)                   Contin.  0.1047  -0.0007 
irrtotal * totannualprecip      Contin.  0.3408  -0.0629 
irrtotal * streamflow_0         Contin. -3.2300   0.0201 
irrtotal * streamflow_1         Contin.  0.4859  -0.0674 
totannualprecip * farmsales     Contin.  0.3565  -0.0632 
farmsales * incentives_0        Contin.  0.3290  -0.1405 
farmsales * incentives_1        Contin.  0.1547   0.0528 
totannualprecip * streamflow_0  Contin. -3.4408   0.0180 
totannualprecip * streamflow_1  Contin.  0.7779  -0.0231 
streamflow_0 * farmsales        Contin. -1.6048   0.0451 
streamflow_1 * farmsales        Contin.  0.4486  -0.0669 
 
Sample sizes 
                     Control Treated 
All                  1767.       492 
Matched (ESS)         134.26     460 
Matched (Unweighted)  243.       460 
Unmatched            1199.         0 
Discarded             325.        32 
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OLS regression run on unmatched dataset 
 
Table B1: First set of models 
  
 Dependent variable:   
 Efficient irrigation technology, percent of acres by county 
 (1) (2) (3)  
State conserved water statute 0.076*** 0.029 -0.047* 
 (0.013) (0.018) (0.026)     
Population growth, percent  0.042 0.046 
  (0.056) (0.055)     
Total irrigated acres  -0.001*** -0.001*** 
  (0.0001) (0.0001)     
Palmer drought severity index  -0.006** 0.009*** 
  (0.003) (0.003)     
Total annual precipitation  0.004*** 0.001*** 
  (0.0004) (0.0004)     
Agricultural sales, millions  0.0003*** 0.0003*** 
  (0.00004) (0.00004)     
Avg. farm size, 1000s acres  -0.012*** -0.002 
  (0.002) (0.002)     
Orchards, 1000s acres  -0.001** -0.0002 
  (0.0002) (0.0002)     
Hay crops, 1000s acres  0.0001 0.0004* 
  (0.0002) (0.0002)     
State water transfers, yearly avg  -0.003*** 0.001 
  (0.0003) (0.001)     
State streamflow statutes  0.096*** -0.002 
  (0.016) (0.023)     
State irrigation technology incentives  0.157*** 0.090*** 
  (0.012) (0.022)     
Constant 0.522*** 0.405*** 0.110*** 
 (0.007) (0.016) (0.039)      
Year fixed effects No No Yes 
State fixed effects No No Yes 
Observations 4,427 3,603 3,603 
R2 0.008 0.213 0.349 
Adjusted R2 0.008 0.211 0.344 
Residual Std. Error 0.373 (df = 4425) 0.337 (df = 3590) 0.307 (df = 3573) 
F Statistic 35.582*** (df = 1; 4425) 81.138*** (df = 12; 3590) 66.143*** (df = 29; 3573)  
Note: *p**p***p<0.01 
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Table B2: Second set of models 
  
 Dependent variable:   
 Consumptive water usage, Mgal/d 
 (1) (2) (3)  
State conserved water statute 113.576*** 20.180*** -22.178*** 
 (9.176) (5.259) (7.640)     
Efficient irrigation, percent acres  -15.167*** -11.994** 
  (4.758) (5.058)     
Population growth, percent  68.223*** 38.496** 
  (15.312) (15.927)     
Total irrigated acres  1.739*** 1.733*** 
  (0.029) (0.029)     
Palmer drought severity index  0.532 0.958 
  (0.801) (0.981)     
Total annual precipitation  -0.027 -0.050 
  (0.102) (0.108)     
Agricultural sales, millions  0.020 0.007 
  (0.013) (0.012)     
Avg. farm size, 1000s acres  -0.925** -1.144** 
  (0.469) (0.471)     
Orchards, 1000s acres  0.062 -0.093 
  (0.069) (0.069)     
Hay crops, 1000s acres  -0.005 0.131* 
  (0.069) (0.071)     
State water transfers, yearly avg  -0.126 -0.783*** 
  (0.091) (0.192)     
State streamflow statutes  -1.654 -1.275 
  (4.648) (7.607)     
State irrigation technology incentives  -0.255 -25.706*** 
  (3.770) (6.476)     
Constant 58.238*** -4.493 67.268*** 
 (4.239) (4.750) (11.440)      
Year fixed effects No No Yes 
State fixed effects No No Yes 
Observations 2,642 2,259 2,259 
R2 0.055 0.857 0.869 
Adjusted R2 0.054 0.856 0.867 
Residual Std. Error 193.256 (df = 2640) 76.819 (df = 2245) 73.758 (df = 2231) 
F Statistic 153.213*** (df = 1; 2640) 1,033.204*** (df = 13; 2245) 547.187*** (df = 27; 2231)  
Note: *p**p***p<0.01 
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Table B3: Third set of models 
  
 Dependent variable:   
 Total agricultural water withdrawals, Mgal/d 
 (1) (2) (3)  
State conserved water statute 127.970*** -3.794 6.344 
 (10.257) (7.525) (11.439)     
Efficient irrigation, percent acres  -37.994*** -41.242*** 
  (7.010) (7.298)     
Population growth, percent  119.435*** 118.609*** 
  (23.342) (23.930)     
Total irrigated acres  2.913*** 2.809*** 
  (0.043) (0.042)     
Palmer drought severity index  -3.778*** -1.202 
  (1.194) (1.436)     
Total annual precipitation  -0.457*** -0.227 
  (0.152) (0.157)     
Agricultural sales, millions  -0.136*** -0.113*** 
  (0.018) (0.018)     
Avg. farm size, 1000s acres  -2.322*** -2.014** 
  (0.798) (0.787)     
Orchards, 1000s acres  -0.296*** -0.194* 
  (0.102) (0.099)     
Hay crops, 1000s acres  0.703*** 0.549*** 
  (0.101) (0.101)     
State water transfers, yearly avg  0.018 0.175 
  (0.117) (0.238)     
State streamflow statutes  4.056 44.772*** 
  (6.856) (10.118)     
State irrigation technology incentives  -48.197*** -0.005 
  (5.333) (9.788)     
Constant 117.817*** 54.210*** 135.832*** 
 (5.136) (7.351) (16.932)      
Year fixed effects No No Yes 
State fixed effects No No Yes 
Observations 4,643 3,603 3,603 
R2 0.032 0.816 0.836 
Adjusted R2 0.032 0.815 0.834 
Residual Std. Error 302.922 (df = 4641) 141.352 (df = 3589) 133.837 (df = 3572) 
F Statistic 155.656*** (df = 1; 4641) 1,222.012*** (df = 13; 3589) 605.060*** (df = 30; 3572)  
Note: *p**p***p<0.01 

  



 

115 
 

Appendix C: Chapter 3 supplemental models 
 
 
Table C1: Models including outliers  
 Dependent variable:   
 Transactions per 

subbasin  
Surface water 
withdrawals, af 

Groundwater 
withdrawals, af 

 (1) (2) (3)  
Avg. price per acre foot 0.035***   
 (0.0001)   
    
Transactions per subbasin  -504.664 -3,584.220*** 
  (2,194.244) (1,098.950)     
Volume of water, acre feet  -4.957 3.422* 
  (4.861) (1.961)     
Population growth -0.803*** -108,728.800* -78,949.040 
 (0.00000) (61,665.850) (51,539.350)     
Efficient irrigation percent -3.880*** 86,062.390 102,419.900 
 (0.00000) (147,016.800) (112,342.500)     
Drought index (PSDI) -0.006*** 20,304.470* 1,600.476 
 (0.0001) (11,925.350) (2,160.165)     
Total annual precipitation 0.002** -1,852.524*** -1,118.425** 
 (0.001) (562.219) (455.349)     
Ratio, irrigated acres to 
farm size 0.001 206.449 -339.613 
 (0.001) (163.332) (261.574)     
Agricultural sales -0.00000* 0.697* 0.543** 
 (0.00000) (0.377) (0.257)     
Water-intensive crops 0.00001*** 6.393*** 1.874*** 
 (0.00000) (1.857) (0.659)      
Year fixed effects Yes Yes Yes 
Area fixed effects Yes Yes Yes 
Log Likelihood -196.494   

Akaike Inf. Crit. 412.987   

Observations 170 186 186 
R2  0.865 0.859 
Adjusted R2  0.848 0.841 
F Statistic (df = 11; 164)  95.828*** 90.982***  
Note: *p**p***p<0.01 
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