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Abstract: Water is becoming an increasingly scarce resource worldwide, suggesting that water
rationing methods should be revised to improve water allocation efficiency, especially during
cyclical scarcity events (droughts). The proportional rule is the most widely used rationing method
to allocate water in cases of water scarcity. However, this method fails to achieve Pareto-efficient
allocation arrangements. Economic theory and international experience demonstrate that
implementing security-differentiated water rights could improve allocative efficiency during
cyclical scarcity periods. Moreover, it has been proven that this kind of priority rights regime is an
efficient instrument to share risks related to water supply reliability, and can thus be considered as
an adaptation measure to climate change. This evidence has enabled the development of an
operational proposal for the implementation of security-differentiated water rights in the irrigation
sector in Spain, as an alternative to the current rights based on the proportional rule. This proposal
draws on the Australian case study, which is the most successful experience worldwide.
Nevertheless, the insights obtained from the analysis performed and the proposal for reforming the
water rights regime are applicable to any country with a mature water economy.

Keywords: water scarcity; water management; water rights; water supply reliability; irrigation
agriculture; allocation rules; priority rights; Spain

1. Introduction

Water is becoming an increasingly scarce natural resource in many regions worldwide. The
driving forces behind this are population growth and economic development, since both factors lead
to a growing demand for water-intensive goods and services, most notably agro-food products
(irrigation) [1]. As a result, we have witnessed over recent decades a marked increase in global water
abstraction and consumption. Within this framework, supply-side measures (i.e., building new
infrastructure like reservoirs and waterways to satisfy new human needs) are no longer a viable
option in regions with mature water economies, where no further increases in resource availability
are feasible either from an economic (prohibitive investment costs) or an environmental (conservation
of water-related ecosystems) point of view. In these circumstances, river basins are said to be ‘closed’
[2], and new demands can only be met by reducing the existing ones through the implementation of
so-called demand-side instruments, such as water pricing, water trade (water markets and water
banks) or incentivizing water-saving technologies [3,4].

The closure of river basins has become common practice in the Mediterranean and semi-arid
climate regions of developed countries such as Australia, Spain, or the United States (specifically
western states). One thing all these territories have in common is competitive irrigated agriculture
consuming up to 80% of total water use [5]. As such, there is strong competition for water between
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the irrigation sector and other users (urban consumption, other economic activities such as tourism,
and the environment), evidencing the existence of ‘structural’ or ‘permanent’ water scarcity.
Moreover, structural water scarcity is getting worse because of climate change. IPCC projections [6]
for these regions indicate a decrease in precipitation and water availability, while the progressive
temperature rise will increase irrigation water needs, resulting in greater demand for irrigation water.

In all these structurally water-scarce regions, water shortages are more severe during drought
periods. In these episodes of ‘cyclical’” water scarcity, demand far exceeds water availability, and
competition for the use of the resource becomes acute. Furthermore, according to climate change
predictions [6], drought periods in these regions are expected to become more frequent and intense.

When water availability is lower than water demand, resources have to be rationed and allocated
among users’ needs. This is especially challenging during drought periods when the supply-demand
gap or water deficit reaches its highest values [7].

Water is a complex economic good needed for economic activities as an input in many
production processes (e.g., irrigation and industry). It also provides social and ecosystem services
(e.g., drinking and sanitary water or ecological inflows). For this reason, water usually enjoys a
distinctive legal status, managed under the public trust doctrine aimed at ensuring efficiency, equity,
and environmental sustainability [8]. Under this doctrine, structural water scarcity is managed
through water rights (or water entitlements) granted by a public authority responsible for allocating
the average (or normal) water availability among socially recognized users, and preventing those
who are not right holders from abstracting and using this resource. Current water rights regimes are
often criticized because they are shaped by historical preferences and usage patterns that do not meet
the needs of today’s society, and they are poorly designed to cope with changing conditions such as
new water demands or climate change [7]. All this justifies the need to reform water rights regimes,
aiming at a more rational and sustainable allocation of scarce water resources in the long run [9,10].

Water rights regimes, in addition to determining who is allowed to use water resources, also
establish how much water is available for each right holder in case of shortages (drought periods),
when the total volume of water available is lower than the sum of the water volumes granted by the
individual entitlements. Thus, water rights regimes also stipulate which of several existing rationing
systems is to be implemented among right holders for scarcity management. Possible alternatives in
this regard include proportional sharing or sequences of priority uses, sometimes combined with a
water allocations trade. This paper is focused on analyzing these alternative policy options to cope
with cyclical water scarcity, when the competition for water is at its most acute and rationing is most
challenging [11].

Economics is “the science which studies human behavior as a relationship between ends and
scarce means which have alternative uses” [12]. Thus, economics can play a key role in analyzing
how scarce water resources (‘scarce means’) should be allocated among the demands from various
users (‘alternative uses’) considering the desired policy objectives (the ‘ends’). This justifies the
application of economic theory to the analysis of alternative policy options for water rationing during
drought periods.

Within this context, the objective of this paper is twofold. First, we outline a framework for the
water allocation instruments and rules that can be implemented during drought periods to ration the
scarce available water resources. For this purpose, we rely on economic theory, relating the different
rationing alternatives to the policy objectives than can be achieved.

Second, the above-mentioned theoretical framework is used to analyze the water allocation and
rationing system currently implemented in the Spanish irrigated agriculture sector. This allows us to
explore how these instruments and rules could be improved to minimize drought-driven social
welfare losses.

The choice of the case study analyzed here is justified for several reasons. First, because Spanish
irrigated agriculture, like any other irrigated agricultural system in the Mediterranean region, is
prone to be affected by frequent and intense drought episodes, with future projections indicating that
this risk is likely to increase due to climate change [13]. Second, because of the importance of this
sector in Spain as it covers more than 3.8 million hectares (17% of the national agricultural area),
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generating a total production valued at around 16 billion Euros annually and employing 415,714
workers [14]. Thus, any water supply gap affecting the irrigation sector entails relevant losses in
terms of agricultural income and employment. And third, because there is consistent evidence
showing that Spanish irrigators are willing to pay to reduce their exposure to droughts, taking into
account the fact that there is no risk management instrument available (e.g., insurance) allowing them
to cover potential losses related to water supply gaps [15].

2. Economic Foundation for Water Allocation Under Cyclical Scarcity

2.1.A Flowchart Framing Water Allocation Instruments and Rules

The main purpose of water policy is (or ought to be) to help ensure that water-related activities
lead to a ‘socially optimal outcome’. In this sense, it is widely acknowledged that in implementing
this kind of policy, policymakers seek to successfully balance two conflicting objectives: economic
efficiency and distributional equity. Thus, in order to promote a socially optimal outcome or welfare
within this framework, policy design must achieve the appropriate trade-off between efficiency and
equity objectives. This trade-off, based on society’s concern for both objectives, is (or ought to be)
expressed through the policy-makers’ guidelines [16].

Establishing the appropriate trade-off between efficiency and equity is the core of normative
economics, and it is the starting point of the positive economic analysis aimed at identifying the most
suitable policy instruments for implementation in the real world to achieve the socially optimal
outcome (i.e., social welfare maximization). Within this policy analysis framework, the water
allocation instruments and rules under cyclical scarcity can be framed as shown in Figure 1.

Is economic

efficiency the Do spot water Suitable policy
pﬁlnary i)o]icy marketsbehave design:
objectivewhen competitively spot water market
allocating water (i.e., without market whatever the existing

under cyclical failures)? water rights regime

scarcity?

Suitable policy design: Suitable policy design:
centralized allocationrules under spot water markets combined
scarcity seeking to achievea with an efficiency-enhancement
balance between economic efficiency waterrights regime

and distributional equity (e.g, water entitlement market

(e.g., equal gain allocation) and/or security-ditferentiated
water rights)

Figure 1. Flowchart framing suitable water allocation instruments and rules under cyclical scarcity.

In sum, the flowchart in Figure 1 shows that if economic efficiency is the primary policy objective
when allocating water under cyclical scarcity and competitive spot water markets can be developed
in a real setting, this trade-based allocation instrument yields the optimal policy outcome. Under
these circumstances, the market can reallocate scarce water resources among users irrespective of
their initial allocation (water rights regime), with the final allocation enabling the maximum
aggregate net benefit from water use (i.e., economic efficiency) [17]. However, if there are market
failures (relevant externalities, high transaction costs, or barriers to trade), spot water markets could
fail to achieve economic efficiency, with the final outcome depending on the initial allocation of water
resources available. Thus, the question of how water rights regimes are defined (i.e., how water is
initially allocated) becomes a key issue [18]. In the presence of market failures, spot water markets
should be combined with water rights regimes that minimize those failures, enabling the final
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allocation of scarce resources to enhance economic efficiency (higher aggregate net benefit from water
use).

Moreover, policymakers can also consider equity as another relevant policy objective to be
achieved when allocating water during drought periods. In this case, policy action based purely on
market instruments is not recommended, since trading instruments on their own usually lead to an
inequitable final allocation of water, exacerbating income gaps between regions and economic sectors
[19]. In light of this circumstance, the public trust doctrine can be justified within the water sector,
with the water rights regime being regulated to allow a public authority to allocate scarce water
resources based on public interest criteria and ban any possibility of water trade (i.e., the initial water
allocation remains unchanged). In this sense, there are several allocation rules with different
characteristic properties in terms of efficiency and equity that can be implemented. Depending on
the policy guidelines regarding the trade-off between economic efficiency and equity objectives, the
most suitable allocation rule can be chosen as the policy option to ration water among right holders
under scarcity conditions.

The following subsections provide more detailed explanations justifying the suitability of each
policy option suggested.

2.2. Spot Water Markets as Allocation Instruments

The market is an economic institution widely used to allocate economic (scarce) goods, including
natural resources, among their alternative uses based on a decentralized price mechanism. The
widespread use of market instruments is supported by economic theory, more specifically through
the First Theorem of Welfare Economics, which states that if there are markets for all commodities
and all these markets are competitive, then the equilibrium of the economy is efficient [20]. This
theorem explains why water markets are advocated as efficient instruments for water allocation
under scarcity settings.

In this sense, it is worth clarifying that the type of efficiency potentially achieved by spot or
allocation water markets is Pareto efficiency, also referred to as allocative efficiency. This means that
a property of any of the various resource allocation arrangements that could be achieved through
these water markets is that there is no other feasible allocation which would make some individuals
better off and no individuals worse off. Achieving this kind of efficient arrangement is possible
because markets create a system of economic incentives to allocate water to higher value uses through
mutually advantageous trade operations for sellers and buyers, at least until the equilibrium price is
reached and further gains from trade are exhausted. Within this decentralized allocation framework,
the marginal values of all water users became equal to the equilibrium price, maximizing their net
benefits, and thus the aggregate net benefit from the use of the water available [21].

Moreover, Pareto-efficient market solutions have two interesting features that are worth
pointing out. First, the final allocation arrangements achieved through trade are independent of the
initial allocation of resources (i.e., the distribution initially set by water rights) [17]. Second, the
equilibrium prices reached are dynamic, always reflecting the full opportunity cost of water (i.e., the
scarcity rent). This makes spot water markets flexible economic instruments, which allow a timely,
decentralized adaptive management approach for every local situation.

Given all of the above-mentioned characteristics, the economic literature has identified
competitive water markets as the most efficient water allocation instruments to cope with water
shortage situations (drought periods) [22-24]. They are considered especially suitable for
implementation in cases where there is no relevant concern about equity-related objectives or, simply,
these objectives are pursued through other, horizontal policies such as taxation and welfare programs
targeted at improving social equity. In fact, substantial economic efficiency gains from water trade
have been acknowledged in empirical analyses from around the world (e.g., [25-27]), including those
specifically focused on the irrigation sector (e.g., [28-31]).

In any case, the consideration of spot water markets as efficient allocation instruments during
scarcity periods needs to be further examined, taking into account a number of key issues. First, the
complex nature of water resources, which creates numerous sources of market failures, meaning that
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the actual spot water markets allocate resources inefficiently. In this regard, there are two

predominant sources of market failure, common to all water markets worldwide [21,32]:

1. Water is used for a wide variety of public purposes (e.g., instream flows for maintaining
ecosystems or recreational activities). These water uses are public goods that cannot be
exchanged in markets, and thus they have no market price signaling their relative scarcity. This
means that the marginal benefits from these uses are understated when allocating water through
the markets, leading to the underproduction of these public goods.

2. Market reallocation of water resources usually generates externalities or third-party effects (e.g.,
changes in the quantity and quality of return flows or economic side-effects in regions selling
water). As the level of externalities generated is not controlled by any market equilibrium price,
it cannot be concluded that the allocation solutions achieved through trade are efficient.

In the presence of either of these two failures, stand-alone spot water markets are neither
efficient nor socially acceptable instruments for managing water resources under shortage scenarios
[32].

Second, it also worth pointing out that water market operations involve transaction costs: the
costs over and above the market water price that the water buyers must bear when purchasing water
allocations, due to water conveyance costs, search and information costs, bargaining and decision
costs, and enforcement costs, including contracting [33,34]. Depending on the institutional
arrangement and the elasticity of supply and demand, these transaction costs can also be borne by
water sellers, which would negatively affect their revenues from sales. The existence of transaction
costs is relevant for market activity since they involve an inward shift in the demand curve and an
outward shift in the supply curve. This results in a reduction of the market activity since the only
transfers that take place are those where the differences in marginal values (i.e., potential gains)
exceed transaction costs. Therefore, the higher the transaction costs, the thinner the market and the
lower the net gains from reallocation [35]. The existence of transaction costs thus affects the final
allocations of water, making them more dependent on the initial assignment of resources (i.e., the
distribution of water rights), thereby limiting market efficiency [18].

To cope with widespread market failures and high transactions costs, different strategies have
been suggested to minimize their efficiency-limiting effects: command-and-control regulations (e.g.,
setting minimum ecological instream flows), economic incentives (e.g., taxing polluting activities or
subsidizing water-saving technologies), or public sector participation in water markets, translating
the social values of water into market values. In this paper, however, we focus on how to combine
spot water markets with alternative water rights regimes to improve the economic efficiency of water
use under cyclical scarcity situations. To this end, we rely on the works of Freebairn and Quiggin [36]
and Lefebvre et al. [37], who studied the effects of the implementation of water rights with different
levels of supply security as a complement to water markets, showing that these kinds of water rights
reduce the effects of market imperfections compared with proportional water rights. This evidence
supports the need for the application of water rights regimes based on priority allocation rules as a
way of improving economic efficiency under water shortage scenarios.

The third and last key issue regarding the efficiency of spot water markets during scarcity
periods is related to society’s equity concerns. In this sense, it is worth noting that efficient markets
do not necessarily lead to socially optimal water allocation or Pareto-optimality, the best performing
allocation arrangement in terms of the social welfare function, where equity concerns are also
considered [20]. In fact, the Pareto-efficient allocations achieved through a competitive spot water
market may be highly inequitable, meaning that these market solutions may not maximize welfare
functions based on value judgments which prioritize equity [38]. In cases where the allocation
arrangements achieved through market transactions are socially perceived as ‘unfair’, state
intervention is also justified. One policy option is to maintain the market as the water allocation
instrument and amend its efficient outcome in welfare terms using income redistribution programs
(e.g., through the tax system and welfare state instruments). The other option, as displayed in Figure
1, is to discard the market as an allocation mechanism and replace it with centralized allocation rules
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(i.e., water rights regime) that are aimed at ensuring the highest possible social welfare associated
with the use of water, as explained in the next section.

2.3. Centralized Allocations Rules

When policymakers consider not just efficiency but equity too as a relevant policy objective, the
revision of centralized allocation rules emerges as an interesting alternative to water markets for
improving resource allocation in drought situations. These rules are exogenous regulatory
mechanisms through which regulators can alter how water use rights are shared, seeking to achieve
the greatest possible social welfare (Pareto-optimality) associated with the use of water [39].

The problem of how to fairly allocate available resources in a system that cannot satisfy all the
demands or claims of the beneficiaries is a classic question, which has been widely analyzed in the
economic literature as the ‘bankruptcy problem’. The original framing of the problem relates to a
situation in which several agents claim different amounts of money that together exceed the
liquidation value of a bankrupt company, and this liquidation value must be divided among the
agents. However, bankruptcy-like problems can be found in many other real-life problems, where
the application of this approach has proven suitable. The challenge of water rationing under shortage
conditions, seeking a fair allocation of the total water deficit (the difference between the total demand
and the available resource) among water rights holders, is one such field of application [40], as has
been shown in various empirical studies (e.g., [41-44]).

Within the rationing methods proposed to solve the bankruptcy problem, we can distinguish
between symmetric and asymmetric ones. Symmetric methods are those that are based on the ‘equal
treatment of equals’ axiom, which promotes equal shares to equal demands. On the other hand,
asymmetric methods are those that do not comply with this axiom, and thus shares are allocated on
the basis of priority criteria, whether in relative or absolute terms.

2.3.1. Symmetric Methods

Within the symmetric distribution methods, there are three predominant ones. These are the
proportional, equal gains, and equal losses methods [45,46]. The proportional (P) method is the best
known and it is based on all claimants being assigned an amount (water allocation in our case)
proportional to their claim (water rights). In the equal gains method (EG, also called ‘uniform gains’
or ‘constrained equal awards’), all claimants receive the same amount, as long as it does not exceed
what is claimed. Similarly, in the equal losses method (EL, also called ‘constrained equal losses’) all
claims are trimmed by the same amount, on the condition that no-one should receive a negative
amount.

These three allocation rules (P, EG, and EL) comply with four basic properties or axioms that
make them suitable for implementation for agricultural water sharing [47,48]:

1. Consistency, when the rationing method allocates the same volume of water irrespective of
whether it is applied to all claimant irrigators at the same time or separately for different subsets
of irrigators.

2. Independence of scale, which can be interpreted as independence regarding the unit of measure
of the resource rationed (e.g., cubic meters, megaliters, acre-feet, etc.). This implies that any
proportional increase in water availability and demands results in the same proportional
increase in water allocations.

3. Composition down (or ‘upper composition’) is an invariance property regarding changes in the
availability of the resource being distributed. This occurs when the individual water allocations
are calculated in advance based on the expected water availability, but in the end, there is
actually less water to share than initially assumed. In these situations, reapplying a rationing
method that complies with this axiom yields the same final allocation arrangement as would
have been achieved in a single step if it had initially been implemented based on the actual
volume of water available.

4. Composition up (or ‘lower composition’). This is similar to the previous one, but this axiom
applies when the volume of water initially allocated is lower than the volume of the resource
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eventually available for sharing. Under these circumstances, the allocation of the additional
volume of water available by reapplying a rationing method meeting this property results in the
same final allocation arrangement as would have been achieved in the beginning if the initial
calculation had been based on the actual amount of water available.

In the literature regarding the allocation of agricultural water, there are a number of empirical
studies that analyze the efficiency of symmetric rules. Goetz et al. [49,50] and Martinez and Esteban
[51], through applications implemented in three different irrigation districts in Spain, demonstrate
that the EG method is more efficient from an economic perspective than the proportional one.
However, in both cases, the two symmetric allocation rules considered substantially reduce the
economic efficiency compared with market allocation. Similarly, Alarcon et al. [52] compare the
proportional and the EL methods with the optimal allocation where total economic loss is minimized
(mimicking the results from a competitive spot water market) in another Spanish irrigation district.
They conclude that the implementation of the proportional method results in large efficiency losses
compared to market allocation. While the market allocation also outperforms the EL method in
efficiency terms, the efficiency losses are less than with the proportional method.

All these empirical works also prove that the more heterogeneous the irrigators and the scarcer
the water resources, the larger the efficiency losses of the symmetric methods compared to market
allocation.

Finally, it is worth citing the work by Madani and Dinar [39], who compare the performance of
the proportional and EG methods for groundwater management using a stylized numerical example.
Their results differ from previous evidence, showing that the proportional method outperforms the
EG method in terms of economic efficiency and equity criteria.

2.3.2. Asymmetric Methods

If the axiom of equal treatment of equals is not met, we are dealing with asymmetric rationing
methods. In these cases, agents are classified into priority classes according to exogenous criteria,
with their demand being met lexicographically following a priority order also set exogenously. That
is, the demands of the agents with the highest priority are met first and, once fully satisfied, the
remaining resource is allocated to the following agents according to a decreasing priority order
criterion [48].

The most asymmetric rule is the full sequential allocation, where every single agent is considered
as a different class [53]. This is the theoretical foundation of the prior appropriation doctrine used in
the Western United States to define water rights. This doctrine is based on the legal principle
expressed by the Latin phrase “qui prior est in tempore, potior est in jure”, which means “he/she who is
first in time is first in right”. Following this doctrine, water right holders in the Western United States
are ordered along a line according to the seniority of their rights; the longer the right has existed, the
higher the priority assigned to it.

Priority rules can also be established considering a reduced number of priority classes (two or
three, for instance, depending on the type of users: urban, environment, and economic activities). In
this case, agents in different classes are treated differently according to the priority order criterion,
but agents classified in the same priority class are treated under the axiom of equal treatment of
equals, using any of the above-mentioned symmetric methods (P, EG, or EL methods).

Other asymmetric methods include those based on weights indicating the ‘relative priority’ (as
opposed to the ‘absolute priorities” outlined in the preceding paragraphs) that should be given to
agents [47]. In all cases, each claim is multiplied by the exogenous weights assigned to the agent
holding it, and shares are calculated following any rationing method, with the condition that no-one
should receive more than his/her claim. Examples of methods that involve this procedure include the
weighted proportional method, the weighted gains method, or the weighted losses method.

All these asymmetric methods also meet the four above-mentioned desirable properties for
water management; namely, consistency, independence of scale, composition up, and composition
down [48].
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Calatrava and Garrido [54] provide an example of the implementation of the weighted
proportional method within an irrigation district, where ligneous crops are given relative priority
over horticultural crops, and the latter over extensive annual crops. These authors demonstrate that
this allocation method achieves greater economic efficiency than the proportional one, but lower than
market allocation.

2.3.3. Rationing Methods and Social Choice

The rationing problem has also been analyzed from the perspective of social choice theory,
analyzing the role of asymmetric information in the implementation of allocation rules and the
contribution to Pareto-efficient arrangements [55].

In bankruptcy problems, the allocation rules are unequivocally applied to the specific and public
demands of each claimant. However, in many other rationing problems, as is the case of water
sharing, the demands of the agents involved in the allocation are characterized by asymmetric
information since only the claimants know their real needs (the optimal quantities they want to
demand). In this context, the rationing rules must comply with the property of strategyproofness,
which denotes that agents have a single preference that dominates over all other strategies and that
these agents have no incentive to claim more or less than they really need. Of all the symmetric
rationing methods discussed above, only the EG method is strategyproof, in addition to complying
with the properties of Pareto-efficiency [56]. Likewise, all the above-mentioned asymmetric allocation
rules are strategyproof, but none of them are shown to be Pareto-efficient. However, Barbera et al.
[57] have developed a sequential rule that fulfills the properties of both strategyproofness and Pareto-
efficiency. This asymmetric rule is similar to the EG, except for the fact that the agents, in addition to
having different preferences on the quantity of the resource demanded, also have rights over different
maximum allotments.

Goetz et al. [50,58] apply the sequential rule proposed by Barbera et al. [57] in two irrigation
districts in Spain and compare it with the P and EG methods, providing evidence that this rule is
more efficient than the two symmetric ones, especially if there is substantial heterogeneity among
irrigators. Nevertheless, they conclude that the allocation obtained by implementing this sequential
rule is less efficient than market allocation.

3. Agricultural Water Management in Spain

In line with the public trust doctrine, the Spanish Water Law (Royal Legislative Decree 1/2001)
establishes that all water resources are considered to lay in the public domain. Thus, the use of water
for economic activities requires an administrative concession or water right. These water rights are
granted by basin authorities according to the river basin management plans (RBMP), taking into
account the rational exploitation of resources (i.e., in relation to average water availability based on
current infrastructure like reservoirs and waterways), however, the water rights held do not
guarantee the actual availability. Logically, the effective water use by right holders is subject to the
actual availability of the resource (i.e., water stored in reservoirs). When there is a water shortage due
to hydrological drought events (i.e.,, below-average levels of water stored), the basin authorities
temporarily limit the use of the water legally granted in the water rights, applying a combination of
two rationing rules. First, right holders are classified into priority classes depending on the type of
water use. Based on general interest criteria, the Spanish Water Law considers urban use (human
consumption and industries connected to urban supply networks) to be the first priority, followed
successively by agricultural uses (irrigation), electric power production, industrial uses, aquaculture,
recreational uses, navigation and, finally, other uses not included the aforementioned categories.
Therefore, under scarcity conditions (droughts), water allocation in Spain is managed by
implementing a priority rule differentiating between types of use. Second, within each priority class,
all right holders are rationed using the proportional method (i.e., when the total volume of water
available for the class in question, once the demands of higher priority classes have been fully met, is
not enough to meet the demands of the right holders).
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Table 1 shows the water rights legally granted in the main Spanish river basins, with these rights
divided into priority classes: urban, agricultural, and other uses. In this sense, it is worth highlighting
the relevance of agricultural use, which accounts for 78.8% of total water rights at the country level.
Furthermore, it can be observed that the river basins with the largest water allocations (Ebro, Duero,
and Guadalquivir) are precisely those where irrigation water consumption represents the greatest
share of the total, accounting for around 90% of the total water use in these territories.

Table 1. Water rights granted in the main Spanish river basins!.

] . Urban Agricultural Other Uses Total
River Basin
hmd/year %/total hm?year %/total hmd/year %/total hm?3/year
Ebro 614 (7.3%) 7679 (91.7%) 85 (1.0%) 8378
Guadalquivir 400 (10.6%) 3328 (88.2%) 43 (1.2%) 3771
Duero 285 (7.6%) 3426 (91.2%) 46 (1.2%) 3756
Tajo 994 (33.1%) 1912 (63.7%) 96 (3.2%) 3002
Jacar 572 (20.5%) 2182 (78.2%) 35 (1.3%) 2789
Guadiana 254 (10.8%) 2022 (85.7%) 82 (3.5%) 2359
Segura 238 (14.9%) 1353 (84.6%) 9 (0.6%) 1600
Andalusian Mediterranean 279 (25.3%) 770 (70.0%) 51 (4.6%) 1100
Other river basins 1948 (48.2%) 1595 (39.5%) 500 (12.4%) 4042
Total Spain 5584 (18.1%) 24,266  (78.8%) 948 (3.1%) 30,797

Source: Direccién General del Agua and Centro de Estudios Hidrograficos [59]." 1 hm? equals 1 Mm?,
or 1 GL, or 810.71 acre-feet.

In Spain, the concession of new water rights by the basin authorities is only possible if two
conditions are met: (i) the new water uses contribute to the general interest criteria set in the RBMP,
and (ii) the new water demand can be satisfied in accordance with the reliability criteria set at country
level, taking into account the actual availability of water resources in each basin (i.e., based on climate,
geography, and available infrastructure for water storage and transport). This second requirement is
a constraint on many Spanish basins that have been officially declared ‘closed’ since there are no
further possibilities of increasing the water supply.

Considering the requirements regarding supply reliability, all water rights granted can be fully
satisfied in ‘normal’ (i.e., close to average) hydrological years. In fact, it is only in cases of prolonged
drought episodes that there are problems meeting all these demands, making it necessary to ration
water allocations for some users, starting with the lowest priority uses. In this regard, taking into
account the legally established priority of urban over agricultural uses, in river basins where a major
share of water rights is assigned to agricultural use, the supply of water for urban use is practically
assured even in the most extreme drought scenarios. Thus, in situations of cyclical scarcity caused by
hydrological droughts, water supply restrictions almost exclusively affect allocations for agricultural
purposes.

In accordance with the European Water Framework Directive, Spanish law also establishes that
basin authorities must approve drought management plans (DMP) as a complement to their RBMP.
These plans specify the way in which water resources must be managed and allocated during periods
of scarcity. For this purpose, a set of drought indicators have been defined to provide information
about the current scarcity scenario [60]: normality (absence of scarcity), pre-alert (moderate scarcity),
Alert (severe scarcity), and emergency (extreme scarcity). If the indicators point to any scenario other
than Normality, the basin authority must enact the drought management measures set out in the
DMP to minimize the environmental, economic, and social impacts of scarcity.

In the event of alert or emergency scenarios, the basin authority reduces water allocations for
irrigation, with all agricultural right holders receiving equal rations determined using the
proportional method as water allocation rule. Thus, allocations to all irrigators within the same water
use system (management units within river basins) are proportionally reduced to maintain the
reserves needed to meet higher priority uses (i.e., urban use). The implementation of this proportional
rule, however, does not produce an economically efficient distribution of the water available for the
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agricultural sector since the irrigators being allocated the rations are quite heterogeneous. This
heterogeneity is mainly due to the varying pedoclimatic conditions found within a single water use
system (e.g., the Regulacion General water use system in the Guadalquivir basin comprises 723,951
irrigated hectares), although differences in farm size and farmers’ psychological characteristics (e.g.,
risk aversion) may also have an influence. In these circumstances, proportional water rationing leads
to quite different impacts on farmers depending on their water productivity. In fact, the losses caused
by water supply cuts differ notably between extensive and intensive agriculture: farmers dedicated
to the extensive production of herbaceous crops (cereals, industrial crops, etc., with low marginal
productivity of water) face moderate losses, while the losses for farmers producing intensive crops
(vegetables or fruits, with high marginal productivity of water) are potentially very high. This
explains why this allocation method is not optimal from an economic point of view since it fails to
minimize the losses derived from water scarcity.

In an attempt to partially solve this inefficient allocation during cyclical scarcity periods, spot
water markets and public water banks were made legal in Spain in 1999. However, their performance
as a water reallocation instrument has been rather disappointing [61]. In fact, water trading has been
active only during drought periods, and even under these severe scarcity situations, market activity
accounted for less than 1.0% of total water use. The most intense trading occurred during 2007, an
extremely dry year, when water exchanges accounted for 248 Mm? (0.78% of total water use in Spain
for this year, although the share of water traded reached 4% for some basins in southeastern Spain),
with the water price in these two market instruments ranging from 0.12 to 0.27 Euros/m? [62,63].
These figures show the narrowness of the water markets in Spain, suggesting that transaction costs
and multiple barriers to trade are hampering their effective functioning.

Moreover, following the 2019 general election in Spain, a new left-wing coalition government
was formed. This new government is founded on a coalition agreement document signed by the
parties sharing the political power, which sets the policy guidelines for the current legislative term.
This agreement establishes the political intention to ban water markets on the basis that water
“should not be considered a commercial asset”. Thus, a reform of the Spanish Water Act is expected,
forbidding water trade among water users (some doubts remain regarding the public water banks
operating in Spain during droughts). This legislative reform has not been accomplished yet, and the
policy agenda in the short-term has changed because of issues related to the Covid-19 pandemic. In
any case, the Spanish government still intends to launch this water policy reform and approve it
before the end of the current legislative term in 2022. This expected legal change triggers the need for
new alternative designs of water rights regimes to prevent the efficiency losses caused by the
implementation of the proportional rule during drought events.

4. Alternative Water Allocation Methods: The International Experience

The Western United States and Australia provide valuable examples regarding agricultural
water management. Both countries share some key characteristics with Spain (semi-arid climates, a
mature water economy, a large and competitive irrigated agriculture sector, and severe cyclical water
scarcity problems) [5]. As such, they can be considered as suitable benchmarks to learn about
allocating agricultural water during drought periods. This section briefly describes the asymmetric
allocation rules implemented in each of these countries, before critically analyzing their pros and
cons, as well as their suitability for potential implementation in Spain.

4.1. Western United States

In the western United States, water rights are mainly governed by the “prior appropriation
doctrine” (PAD), which establishes a fully sequential allocation method. The priority is thus
determined by the chronological order in which the rights were granted, from the most senior (the
longest-standing rights have the highest priority) to the most junior (the most recent have the lowest
priority).

In addition to appropriative water rights, there are two other minority types of water rights in
the western United States: ‘pueblo’ rights and ‘federal reserved’ rights. The first are water rights
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initially granted to the Spanish and Mexican “pueblos’ (settlements), and later legally recognized to
preserve the traditional water rights held by some cities (e.g., Los Angeles) and native American
communities (e.g., New Mexico Pueblos) [64,65]. The federal reserved rights are established when
the U.S. federal government reserves public land for uses such as Indian reservations, military
reservations, or national parks, with each reservation being granted the water rights needed to satisfy
the purposes for which it is created [66]. Moreover, riparian water rights are also used in the states
on the West Coast (California, Oregon, and Washington) and more humid parts of the Dakotas,
Nebraska, Kansas, Oklahoma, and Texas.

The origin of the PAD dates back to the settlement of the American West, where it was used as
a simple and efficient way to allocate water consistent with the Ricardian theory of land rent. Indeed,
at the time, this doctrine contributed to an efficient allocation of water resources, since the first lands
to be irrigated (thus holding more senior rights) were likely be the most productive and profitable
ones. However, more than a century later, the most profitable uses of water are not necessarily those
that hold the most senior water rights. For this reason, water allocations based on prior appropriation
today have drawbacks from the point of view of economic efficiency [67]. Moreover, PAD-based
water rights generate heterogeneity in risk-sharing among water users (the more junior right holders
run a higher risk of receiving insufficient allocations), which may also contribute to an economically
inefficient allocation of water [68].

To minimize the aforementioned inefficiency problems, water rights in the western United States
are not tied to the land, with existing spot and permanent water markets allowing allotments and
rights transactions, respectively. However, in most of these states, there are institutional barriers to
the transfers of water rights in order to prevent third-party effects, which limit the allocative role of
the market and, thus, economic efficiency [69].

Water rights in the western United States are also governed by the continuous beneficial use
doctrine (‘use it or lose it"), which establishes that these rights remain in force only as long as the
beneficial use continues. Nevertheless, the application of this doctrine does not always contribute to
an efficient allocation of water, given that it may encourage excessive water consumption aimed at
maintaining the right. Furthermore, it can also lead to inefficiency if right holders intensively use
water for uses legally considered ‘beneficial’, but with low marginal value [70].

4.2. Australia

The most noteworthy type of water rights in Australia are the security-differentiated priority
rights which have been in place in the state of Victoria since 1994, and New South Wales (NSW) since
2000. In the rest of Australia, agricultural water is allocated based on the proportional rule.

In these two southern Australian states, agricultural water allocation follows a two-step
procedure. First, rights are ordered according to their priority level. Second, the amount of water
available for each priority class is shared out through proportional rationing. The implementation of
this allocation mechanism involves two types of water rights for agricultural uses with different
levels of security (i.e., reliability): high-priority and low-priority rights, although they have different
names according to the state [71]. For instance, in NSW, high-priority water rights (officially, “high-
security access licenses’) account for 9% of total rights granted for agricultural uses, with the
remaining 91% being low-priority rights or ‘general-security access licenses’. The estimated reliability
of agricultural high-security access licenses in NSW is 95-97%, meaning that farmers can expect to
receive their full allocations at least 95 years out of 100. On the other hand, the average reliability of
general-security access licenses is around 70% [71,72].

The water allocation procedure starts at the beginning of the season, when high-priority right
holders are allocated 100% (95% in NSW) of the nominal quantity established, while those with low-
priority rights are assigned only a small percentage of the quantity established in their rights. Over
the course of the irrigation season, the water allocated to the latter type of rights is increased
depending on the actual water availability, following a proportional rule. In the event that there is
not enough water available at the beginning of the year to provide full allocations to high-priority
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rights (in extreme drought situations), the available water is shared proportionally among the high-
priority rights but no water is allocated to low-priority ones [73].

It is also worth commenting that once the water has been allocated, there are no restrictions on
reallocating the resource through the existing spot water market, which allows water transfers from
low to high value uses between any type of right holder and across states [74]. Moreover, in Australia
there is a permanent or water entitlement market that facilitates the transition towards different
farming systems (e.g., change in farm size or crop mix) or just makes it easier to leave the farm sector
[74]. Both markets have become quite active, with significant improvements in water property rights,
trading rules, and market information, as well as reduced transaction costs over time. As a result, in
an average year, around 30% of the announced water allocations and 10% of water entitlements are
traded, facilitating economic efficiency in the short and the long run [75].

4.3. Pros and Cons of the Priority Allocation Methods

Water rationing methods based on priority levels have a series of pros and cons which merit
analysis before their implementation in a real-world setting.

The main advantages are explained by Freebairn and Quiggin [36] and Lefebvre ef al. [37], who
argue that a water rights regime with different levels of priority is an interesting alternative for the
allocation of water resources within the agricultural sector since it enables more efficient risk-sharing.
This allocation mechanism can be used to offer irrigators a portfolio of different water rights
establishing different priority levels, suited to their particular circumstances (vulnerability to water
supply gaps and risk aversion). For instance, those irrigators running intensive high-value crops
could reduce the risk related to water reliability by obtaining high-priority rights, with this risk then
being transferred to lower priority right holders, who are better positioned to assume this risk (e.g.,
farmers with extensive annual crops). This mechanism to transfer water supply risk is much easier to
implement than other risk transfer instruments, such as hydrological drought insurance or water
options markets.

Moreover, this water rights regime reduces the number of transactions needed in the spot water
markets, with the consequent reduction in transaction costs. Thus, the efficient risk-sharing
arrangement generated by this regime also results in improved economic efficiency. This is especially
relevant in countries where spot water markets have high transaction costs but low volumes of trade
activity.

Finally, it is also worth noting that in addition to the above-mentioned short-term advantages,
it has been observed that security-differentiated water rights offer a series of long-term benefits. The
improvement in the reliability of supply for higher priority right holders enables them to invest in
irrigation infrastructure and to transition towards higher added-value farming systems [76,77]. In
this sense, it should also be pointed out that high-priority rights can facilitate investments since they
act as capital assets that can be held as collateral to secure bank loans [37].

By contrast, it is important to highlight the potential drawbacks of a water rights regime with
different levels of priority. First, the configuration of efficient portfolios of water rights requires the
implementation of a flexible mechanism allowing users to modify the mix of different priority rights
they hold (e.g., permanent or water rights market). These mechanisms usually involve significant
transaction costs, limiting the efficiency improvements that can be achieved by any security-
differentiated allocation method [78].

In this sense, it has been suggested that the most suitable design for priority-differentiated rights
is the one based on two priority classes (as in Victoria and NSW), since by combining two types of
priority rights water users can achieve any desired level of reliability, while minimizing the
transaction costs related to the dynamic adaptation to the right mixes [79].

Likewise, it must be noted that the counterpart to the improvement in the supply reliability
obtained by higher priority right holders is the loss of security for the rest of the water users. Thus, if
there is no agreement as to some type of compensation from ‘reliability winners’ to ‘reliability losers’,
the introduction of security-differentiated water rights could be politically and socially controversial.
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5. A Proposal for an Alternative Allocation Method in the Spanish Irrigation Sector

The above analysis supports the reform of the agricultural water rights regime in Spain, with a

shift away from the proportional allocation rule currently in force towards a priority rule allowing
the implementation of security-differentiated water rights. Next, an operational proposal is
introduced, specifying the characteristics that, a priori, can be considered more suitable for the
Spanish case:

Types of security-differentiated water rights and rationing rules for agricultural use: Two
priority classes are proposed, distinguishing between high-security or “priority rights” and low-
security or ‘ordinary water rights’. The rationing method applicable during scarcity periods
would be similar to the one implemented in Australia, based on a combination of priority
allocation between priority classes and proportional allocation within each class.

Assignment of priority rights: The priority rights would be granted by the basin authorities, who
would be responsible for ensuring the water supply to the right holders according to the RBMP
approved.

Initial distribution of priority rights: Considering the fact that most of the Spanish basins are
closed, the proposed reform cannot increase the total amount of water granted through water
rights. Therefore, it is proposed that all existing water rights should automatically be converted
into ordinary ones, and that only a certain share of these existing rights should be allowed to be
upgraded into priority rights through an auction procedure. In this sense, we suggest that only
10% of current ordinary rights in each water use system should be upgraded into priority rights,
in order not to have an excessively adverse effect on the reliability of the remaining ordinary
ones. The assignment of priority rights could be carried out through a uniform-price sealed-bid
auction [80] considering the right holders” willingness to pay measured as a surcharge on the
annual regulation tariff (canon de regulacién) currently paid to the river basin authorities to
finance the water storing and transport services provided by these public agencies. This
additional public income would contribute to improving the public supply services provided,
especially those related to the reliability of ordinary rights.

Duration of the upgrade into priority rights: In line with the current legal framework in Spain
(whereby water resources are publicly owned and water rights are granted by a public authority
for a limited time, with a formal renewal subsequently required to continue using the water), it
is proposed that those who win the bid in the auction procedure can hold priority rights for the
next 20 years. This is considered a reasonable length of time to enable long-term investment
planning in the agricultural sector (fruit orchards, irrigation technology, or specific agricultural
machinery). If the water rights were legally renewed before the end of this term, the length of
the priority rights would be subject to the renewal of the water rights (i.e., in no case would the
assignment of priority rights imply the tacit renewal of concessional rights). In this way, the
public assignment of water rights based on public interest would be preserved.

Dynamics of the priority rights: After the initial assignment of priority rights, priority right
holders would have the possibility of renouncing those rights (i.e.,, downgrading their priority
rights into ordinary rights and stopping paying the surcharge on the annual regulation tariff).
This downgrade should be done during the last month of any hydrological year (September). In
this way, a reserve of priority rights could be established in each water use system, and the
available priority rights could be auctioned again during the first month of the hydrological year
(October). This alternative to the water right market is chosen for two reasons: i) it is expected
to reduce transaction costs (addressing efficiency concerns), and ii) to preserve public interest
(equity concerns).

In order to further clarify the proposal developed, Table 2 shows the main features of the current

and the proposed water rights regimes for the Spanish irrigation sector.
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Table 2. Current vs. proposed water rights regimes for the Spanish irrigation sector.

C t Water Right
Feature trren: vater 18018 Proposed Water Rights Regime
Regime
Types of water right Ordinary Priority and ordinary

Combination of priority allocation between

Allocation rule Proportional types of water rights and proportional

allocation within each type
e Granted at the discretion of Priority right can be obtained only by
Distribution of water . . . .

riohts the basin authority, based on current (ordinary) water right holder

& public interest criteria through uniform-price sealed-bid auctions
Duration of water 75 vears 75 years for ordinary rights and 20 years
right y for priority rights
Virtually automatic After the .20—yea1j period, Priority.ri.g.hts
. . . became ordinary rights again. Possibility of
Dynamics renovation of water rights for . Lo
. renouncing priority rights and subsequent
new 75-year periods . . .
auction for allocation to other right holders
Annual regulation tariff for Surcharge on the annual regulation tariff

Foes water storing and transport  for priority water rights and a reduction in

services provided by the basin the tariff to be paid by ordinary right
authority holders

Another suggestion worth considering is that the new water rights regime proposed should
allow individual rights to be defined as a combination (portfolio) of ordinary and priority rights (e.g.,
with 30% of the rights being priority and the remaining 70% ordinary). This would make it easier to
engage collective users, such as the irrigators’ associations (comunidades de regantes) that hold a single
concessional right to supply water to a large number of farmers. Thus, by defining the water rights
as portfolios, irrigators’ associations could internally implement differential allocation rules
according to the varying preferences of their members.

Finally, it should be noted that the above-mentioned proposal, which aims to strike a balance
between the two main objectives of water policy (efficiency and equity), has the advantage of being
compatible with current Spanish water legislation. In fact, the changes needed to implement the
proposed reform could be easily done by updating the RBMP and DMP, where priority uses and
allocation rules are defined for each basin.

Furthermore, another notable feature of this new water rights regime is that it acts as a
complement to the spot water market already operating in Spain as instruments improving economic
efficiency. If water markets were to be banned, as proposed by the new government, the proposal of
security-differentiated water rights could be even more appealing since this instrument would be
considered as a substitute mechanism providing water right holders the flexibility to adapt to the
market and climate change.

The only drawback of the proposal is that the introduction of the priority rights would lead to a
deterioration in the security of ordinary rights, which would provoke opposition from affected right
holders if they are not properly compensated. In order to minimize this problem, it is suggested that
the additional income generated through the surcharge on the annual regulation tariff to be paid by
priority right holders should go towards improving the supply reliability of affected right holders,
financing negotiated infrastructure, and funding management mechanisms.

Finally, it is also worth noting that the auction procedure suggested for upgrading into priority
rights can be considered as a partially-market-based allocation of water rights, and thus could be
contested by those who criticize the use of economic instruments as an alternative to the public sector
action in the allocation and management of water resources [81,82]. This a sensitive topic in Spain
where there is a strong social and political debate about the implementation of economic instruments
to improve economic efficiency and allocative equity in water use, since water is a resource laying in
the public domain (i.e., public-owned). In fact, some social and political actors see the implementation
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of these instruments as part of a wider project of ‘privatization” and ‘commodification” of water that
favor the interests of some concrete agents, instead of the public interest they supposedly promote
[83,84]. This circumstance calls for further discussion of the proposal introduced aiming at reaching
the political consensus needed for the success of this policy reform. In this sense, it is suggested that
the auction procedure considers some legal constraints leading to a socially optimal outcome. Thus,
this allocation procedure makes it possible to contribute positively to the achievement of public
interest objectives taking into account interregional and intersectoral related issues [85].

6. Conclusions

Water is getting scarcer in most of the Mediterranean and semi-arid regions around the world,
since the demand for this resource is growing while its availability is declining due to climate change.
Thus, water rationing methods should be revised to improve water allocation efficiency, especially
during cyclical scarcity events (i.e., droughts). The proportional rule is the most widely used
rationing method to allocate water in water scarcity scenarios. However, this method fails to achieve
Pareto-efficient allocation arrangements when there is substantial heterogeneity among water rights
holders (i.e., different marginal water productivity) and allocation water markets are narrow or
simply nonexistent. In such cases, implementing security-differentiated water rights could improve
allocative efficiency during cyclical scarcity periods.

Water management in Spain is affected by the aforementioned circumstances and is thus a good
example of a case where the implementation of security-differentiated water rights could improve
water efficiency during drought events. The reform of the water rights regime is particularly
appealing in Spain given the anticipated ban on water markets. Notwithstanding, the insights
obtained from the analysis performed in this paper are also applicable to any country with a mature
water economy.

It has been evidenced that security-differentiated water rights are an efficient instrument to
share risks related to water supply reliability. This is a growing concern among water rights holders
given the increasing uncertainty in water supply due to climate change. Thus, the proposed change
in the water rights regime can also be considered as an adaptation measure to climate change, one
which is especially suitable when other alternative instruments to manage supply failure risks, such
as drought insurance schemes or water options markets, have not yet been developed.

The proposal for reforming the water rights regime in Spain is primarily based on the Australian
case study, since this has proved to be the most successful experience worldwide. Moreover, the two
countries share some common features, especially relating to their competitive irrigated agricultural
sectors that account for more than 80% of total water use. In any case, further research is needed to
refine the implementation of the security-differentiated water rights regime proposed here. Indeed,
this proposal is just the first step within a longer research project. The next step is expected to involve
more in-depth examination in a discussion group including water managers and relevant
stakeholders (irrigators, environmental groups, etc.) to fine-tune as necessary the key features (e.g.,
the percentage of current water rights that should be upgraded into priority rights, the rules guiding
the auction procedure, the duration of priority rights upgrade, or the end use of the additional income
generated by priority rights). This debate will enable the definition of the operational implementation
mechanisms (policy alternatives) for reforming the water rights regime in Spain, which should be ex-
ante evaluated using simulation modeling based on mathematical programming techniques. This
impact assessment will provide guidelines for policy design aimed at identifying the most suitable
option for implementation. Finally, the chosen policy alternative should also be empirically tested in
a real-world setting, implementing it as a pilot case study in a Spanish river basin before full-scale
implementation at the national scale. This entire procedure will help to guarantee the success of the
policy reform proposed.

Nevertheless, it is worth remarking that the insights obtained from the analysis performed and
the proposal for reforming the water rights regime are applicable to any country with a mature water
economy. Thus, this paper encourages further debates elsewhere regarding how alternative water
rights regimes could enhance water management (water rationing) during cyclical scarcity periods.
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