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Foreword
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The days of disparate water allocation arrangements and of free, unregulated access to groundwater
are over. Past decades when water resources were appropriated by humans only with socioeconomic
development goals in mind and when groundwater was available to any user with capacity to drill
and pump, have led to significant water quantity and quality degradation in many locations around
the world. This has had consequences not only on freshwater ecosystems, traditional water-dependent
livelihoods, or spiritual water uses, but also on the viability of economic uses themselves. The
increasing costs of ensuring good-quality drinkable water, and water tables plummeting to depths that
make groundwater pumping uneconomical, are just two of many signals that things have to change in
the water world. And such change has to be real.

This book is timely and appropriate since allocation is at the very heart of any water management
system. If water allocation is not revisited and substantively revised to adjust to present goals and
challenges, it is highly unlikely that the water management system will be able to reverse unsustainable
trends. This book explores water allocation strategies covering a large array of water sources and also
considers water users that for quite some time have rarely been incorporated into existing water
allocation systems. It reflects on the theory of water allocation and presents a number of diverse actual
experiences, thus constantly reminding the reader that in water allocation schemes the interaction
between humans, nature and rules rarely - if ever — happens exactly as planned by the policymaker.

Over recent years we have seen several attempts by scholars from different disciplines to contribute
to the challenges posed by water allocation. Among others, we have seen innovative institutional
arrangements at various levels, including institutional frameworks for joint water management by
user groups, moving to decentralized water management based on local allocation mechanisms rather
than on central government-led ones. We have also seen the reconsideration and modification of
indigenous water allocation arrangements to face emerging water problems and conflicts. Recent
years have brought works highlighting the importance of environmental flows and the usefulness of
looking at the water system as a pool of highly interconnected water resources—groundwater, surface
water, reclaimed water, desalinated water. This book covers and illustrates both methodologically
and empirically the role and usefulness of those approaches and several others, including economic
instruments such as water pricing and quantity and quality regulations.

As water scarcity and deteriorated quality endanger sustainability of water resources and water-
dependent ecosystems, a holistic approach, as advocated in the book, might be proven as the most
adequate and effective way forward. Managing water in a scarcity context will necessitate the
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combination of several approaches, the inclusion of several types of water, and the consideration of
interests of and impacts on different types of sectors and users.

The larger and more complex the web of water users, the more urgent is the need to approach
water allocation with sound, data-based science and with conflict-management techniques that can
help stakeholders move from entrenched positions to options that can be agreeable by all. With the
current advances in data collection methods and the still partially unexplored potential of Artificial
Intelligence in water management, practitioners and stakeholders have an unprecedented opportunity
to better understand natural and human systems and make truly informed decisions. With the
current improved calculation and modeling capacity, policy interventions and interactions among
water sectors and water users can be better understood by applying methods from disciplines such
as Experimental Economics, Game Theory, Computable General Equilibrium models, and Hydro
Economic modeling, to mention a few.

The cumulative knowledge contributed by science, however, does not produce by itself any durable
change on the ground. The awareness of the need for both hard, data-based science, and soft, human-
centered approaches, is key to learn from the various perspectives discussed in this book and to
transition to a better and more sustainable allocation of scarce water.
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ABSTRACT

This chapter introduces the book by exploring the role of water allocation policies in the transition from open to
regulated access in the use of water resources. Various allocation approaches and frameworks have developed
over time, crafted by water users and communities, and by governments and public authorities. It examines the
specific challenges of regulating agricultural water use and implementing water allocation policies in agricultural
basins. In this context, the chapter then presents the overall aim of the book and the key dimensions that should
be considered when characterising and assessing allocation systems in the context of agricultural water use. The
chapter concludes with an outline of the content of the book. In particular, the book is structured in two main
sections providing (i) an overview of cross-cutting issues related to the establishment of water allocation systems
and (i) a compilation of 13 chapters presenting water allocation systems across the world.

Keywords: Agriculture, allocations, regulated access, transition, water resources

1.1 TRANSITIONING AWAY FROM OPEN ACCESS IN THE USE OF WATER RESOURCES

1.1.1 The need to regulate water use

Throughout history, societies have developed large infrastructure, such as canals, reservoirs, pumping
stations, wells and boreholes, to secure water supplies, benefiting millions in food production,
improved drinking water provision, energy supply, and flood risk reduction. Yet, many regions around
the world are increasingly facing water shortages, which are disrupting livelihoods and damaging
economies, while depleting aquifers, rivers and lakes, and degrading associated ecosystems. Many
river basins are ‘closing’, that is the flows required to meet societal and environmental needs cannot
be met for at least part of the year (Molle et al., 2010; Falkenmark & Molden, 2008; Garrick, 2015). In
river basins approaching closure, competition over water and conflicts between users become more
intense, with societal actors advocating for competing values and uses of the resource. Hard decisions
must be taken over how water resources are used, shared and/or preserved for future generations

© 2022 The Editor(s). This is an Open Access book chapter distributed under the terms of the Creative Commons Attribution Licence
(CC BY-NC-ND 4.0), which permits copying and redistribution for noncommercial purposes with no derivatives, provided the original
work is properly cited (https://creativecommons.org/licenses/by-nc-nd/4.0/). This does not affect the rights licensed or assigned
from any third party in this book. The chapter is from the book Water Resources Allocation and Agriculture: Transitioning from Open
to Regulated Access, Josselin Rouillard, Christina Babbitt, Edward Challies and Jean-Daniel Rinaudo (Eds.)
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and the environment, implying complex trade-offs between economic performance, social justice and
environmental protection.

Authorities have generally responded to water scarcity by mobilising new water resources, through
surface water storage and transfers, groundwater development and desalination. However, as these
supply options become exhausted, prohibitively expensive or contested, authorities are increasingly
looking to reduce demand, and shift from open and unlimited access, to regulated access of water
resources. Regulated access relies on setting a sustainable limit on total water extraction in a river
basin, groundwater body or other water management zone (i.e. a cap), and adjusting authorised
extractions to meet that cap. The core issue when restricting access to water resources becomes
how to best (re)allocate scarce water supplies among competing users, and between users and the
environment (Arthington ef al., 2018).

1.1.2 Water allocation as a strategy to regulate water use

Water allocation regimes are ‘the combination of actions which enable water users and water uses to
take or to receive water for beneficial use according to a recognised system of rights and priorities’
(Taylor, 2002). They define who is allowed to access water, how much may be taken and when, how
it must be returned, and the conditions attached to the use of the extracted water (OECD, 2015).
Allocation regimes need not only to specify and distribute water use authorisations, they may also
regulate the exchange and transfer of such authorisations. Their prescriptions can remain informal and
embedded in customs and local practice; or constitute rights explicitly codified in written agreements,
legislation and formal permits (Abernethy, 2005; Bruns et al., 2005).

Since the late 1980s, with growing awareness of environmental problems, policymakers have
increasingly addressed the issue of water allocation as a trade-off between consumptive use and
environmental protection. Hence, water policies have increasingly sought to regulate extraction
within whole river basins or aquifers, and therefore to regulate access to water resources. Many water
allocation regimes are moving away from solely avoiding resource exhaustion (Blomquist, 1992)
and towards better providing for environmental and community needs (OECD, 2015). The most
sophisticated regimes now design allocations with a more integrated and dynamic view of the water
cycle, incorporating the ecological health of surface water and groundwater, environmental flows to
maintain a flow regime supportive of diverse and rich aquatic biodiversity, and surface-groundwater
exchanges benefiting groundwater-dependent ecosystems.

These allocation regimes are typically implemented by public authorities, although they can
involve users and communities in the design and implementation of allocation rules in different ways.
Allocations are then issued as time-limited allowances, permits or long-enduring entitlements. Water
use charging schemes may also be implemented to recover administrative costs of the regulatory
framework or to encourage efficient water use. Trading mechanisms may allow the temporary or
permanent exchange of water use rights (Dinar et al., 1997). More informal (re)allocation strategies
may co-exist with, or override formal ones (Bruns et al., 2005). For instance, water may be shared
within communities on the basis of local customs and local agreements between users.

1.1.3 Regulating agricultural water use through allocation policies

Agriculture is the largest net water use in many regions (UNESCO, 2020). Surface water allocation
regimes in agricultural systems have existed for centuries and millennia (Ostrom, 1990), usually to
facilitate the sharing of water supplied via collectively developed irrigation schemes that capture and
distribute water into networks of canals. Access to water then depends on contributions to the original
investment, on fulfilling continuing obligations for operation and maintenance, and on complying with
agreed procedures for distributing water during periods of scarcity. In the 20th century, agricultural
water supply also benefited from larger, state-led surface water storage schemes, which regulate river
flows to secure beneficial use during dry periods. Allocation decisions in infrastructure projects
(user-based or state-led) are generally made by the user community or infrastructure operators,
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complemented by pricing mechanisms to recover the cost of infrastructure and, in some cases, to
encourage efficient water use.

The issue of water allocation in agriculture has thus long been addressed as a problem of
apportioning water resources between competing consumptive users, often within hydraulic systems.
As water extraction from rivers and aquifers increases and ecosystems become further degraded,
users increasingly have to deal with allocation decisions over larger and more loosely connected areas
(including unregulated rivers and groundwater systems). They are also increasingly forced to account
for minimum environmental flows while designing and implementing allocation regimes.

Allocation regimes have received considerable attention in the last three decades, and research in
the field has offered general guidance on the design of allocation systems (Bruns et al., 2005; Speed
et al., 2013; OECD, 2015, 2017). Despite progress in the understanding of institutions underpinning
allocation decisions, most research has focused on traditional, user-based irrigation systems, and few
studies have examined how integrated water resource allocation regimes manage extraction across
whole river basins and aquifers with consideration for environmental, community and agricultural
user needs. In addition, relatively few allocation systems integrate groundwater and surface water. In
many places, these two resources are allocated through separate institutional arrangements, adding
a layer of complexity to the challenge of meeting community, environmental, and agricultural needs
through reform of allocation regimes. It is in integrating these dimensions that this edited collection
makes a significant and novel contribution to the literature.

1.1.4 Challenges of establishing allocation policies in agricultural basins

Implementing water allocation regimes is particularly challenging in rural areas where water resources
have been progressively developed and used outside any regulatory framework, generating a feeling of
appropriation by thousands of historical agricultural users. Policies aiming at capping and reducing
water use then face strong acceptability problems, as they have severe consequences for agricultural
businesses and rural livelihoods. In such contexts, acceptability problems may emerge at different
sensitive stages of the establishment of allocation regimes.

The first sensitive stage corresponds to the development of a registry of water users, that is identifying
who is currently using water, where, when and how much. This initial inventory of users may trigger
political debate and opposition for different reasons. Some users may resist, as they fear this first
step will lead to greater control on extraction, announcing future restriction on use and possibly
the implementation of an extraction fee. Opposition may also come from stakeholders fearing that
historical users will be given (unfair) advantage in future allocation decisions, if the grandfathering
principle applies. Overall, initiating an inventory of users inevitably triggers intense debates on which
users are legitimate and which criteria should be used to perform future allocation. Thus, this first
stage must be carried out with attention to participation, transparency, and accountability.

The second sensitive stage corresponds to the definition of a global extraction limit that will
constrain allocation to users. Due to the complexity of water resources, insufficient knowledge of
interactions between surface, groundwater resources and dependent ecosystems, but also to the
variability of climatic and environmental conditions, there are huge uncertainties associated with the
assessment of extraction limits. This fuels controversies among stakeholders who contest scientific
assumptions when this can serve their own interests. Transparency and participation are here again
the keywords to ensure that the extraction limit imposed on users is perceived as technically and
scientifically sound, in spite of remaining uncertainties.

The third sensitive step is when the new public, river basin-wide allocation regime superimposes
onto pre-existing localised, user-based or customary arrangements. This may create institutional
complexities, synergistic or conflictual, disrupting established practices and norms (Bruns et al.,
2005). Replacing or augmenting historically derived institutions with new ones is likely to face
resistance, especially when older rules favour particular local appropriative issues rather than tackling
provisioning ones (Schlager and Lopez-Gunn, 2006). For instance, allocations derived in irrigation
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systems are more likely to integrate irrigators’ concerns and requirements regarding the timing and
intensity of irrigation, while river basin-wide allocations are designed to protect environmental flows
and make fair allocations. These overlapping definitions of allocations can be seen as problematic and
a source of confusion and conflict.

Different countries, states and regions have made unique choices on how to deal with the socio-
political sensitivity of these issues. There is an urgent need to take stock of recent institutional
developments and present alternative strategies and options for designing robust allocation rules in
agriculture.

1.2 OBJECTIVE AND SCOPE OF THE BOOK

The main objective of this book is to present and evaluate integrated water resource allocation regimes
that aim to reduce and adapt agricultural water demand to available resources, taking into account
environmental, community and other needs. This book aims to contribute to the literature on water
governance, by drawing lessons on alternative allocation mechanisms and providing insights into the
design of more robust allocation regimes for agricultural water use.

The originality of the book is two-fold. First, ata conceptual level, it examines governance frameworks
on allocations along the full groundwater-surface water continuum, rather than considering them
separately. In addition, it considers how diverse allocation regimes integrate environmental and
community needs, instead of focusing on allocation regimes in the context of supply infrastructure
development or complete resource exhaustion.

Second, this book intends to highlight the range of institutions (e.g. regulations, formal and informal
rules, incentives, organisations, etc.) that have been developed to control agricultural extraction based
on detailed analysis of different advanced cases of water allocation regimes in selected countries.
Allocation systems in the reviewed countries and states exhibit a wide diversity of design parameters
regarding the institutional framework guiding allocation decisions, the approach for defining the
available resource pool, the rules underpinning allocations and reallocations, monitoring and
enforcement mechanisms, and the wider policy mix within which the allocation regime is embedded.

1.3 KEY THEMATIC AREAS OF THE BOOK
Allocation systems exhibit a wide diversity of design options regarding:

+ The institutional framework guiding allocation decisions,
+ The basis for defining allocation limits,

+ The rules underpinning allocations and reallocations,

« Compliance and enforcement mechanisms.

1.3.1 The institutional framework

Allocation regimes work within a legal and policy context characterised by governmental priorities for
water management and procedures for integrated water resources management. Regulating water use
involves establishing rules on the management of available water resources (i.e. defining spatial and
temporal conditions to access and extract water) and on the rights to access and use the resource by
excluding specific types of water uses, and controlling how rights to access and use the resource can
be transferred between users. Who will be empowered with the right to manage, alienate or transfer
water is a key question which will influence the effectiveness of any allocation regime (Ostrom, 1990;
Rouillard et al., 2021).

The nature and characteristics of water use rights is important to consider, as this affects the level
of institutional ‘rigidity’ faced when implementing reallocations. Rights to water will vary in character
between countries and states. Allocations may be issued as formal permits, concessions, or full property
rights, or, more informally, via decisions among users or the community (Rinaudo et al., 2020). The
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legal status of water rights varies widely, as does the level of oversight afforded to authorities, user
groups and communities, and the degree of flexibility that exists in adjusting allocations.

Of particular interest is the relationship between rules established at national or state level and
those set locally, by users and/or communities. Some authors warn of the inherent limitations of
state-driven controls on water extraction and allocations, for instance due to the lack of acceptability
amongst users of state-set rules, or the lack of capacity of the state to monitor compliance by users
(Ostrom, 1990; Molle & Closas, 2020). They emphasise that the role of higher-level authorities is to
empower water users and community groups in making allocation decisions and in implementing
these decisions. Other authors warn of the fundamental risk in self-regulatory systems of ‘capture’
by specific users, resulting in poor environmental performance and unfair allocation outcomes
(Lopez-Gunn, 2006).

Finally, allocations cannot be examined in isolation. They need to be viewed as part of a wider
policy instrument mix, which supplements controls on water use with for example incentives to
promote behavioural change or mitigate the negative social impacts of reducing allocations (Rey et al.,
2019; Rouillard, 2020). Molle and Closas (2020) insist on the importance of ‘carrots’, through for
example compensations, to secure commitments by water users when implementing ‘sticks’, such as
regulated water extraction and use.

1.3.2 Setting allocation limits

Allocation regimes issue allowances to extract from specified water resource pools for specific periods
of time. How authorities and users deal with these characteristics to issue functional allocations is
of interest, including the use of particular water accounting frameworks and assessments of water
balances. This must provide for user needs, but also environmental needs through for example
recognition of environmental flows, impacts on protected habitats and species, and key groundwater-
dependent ecosystems. Allocation must respond to variability between years and set out how the cap
might be modulated accordingly. Hence, several factors may be taken into account when setting a
cap on allocations: the temporal and spatial variability of water resources, such as periods of low or
high flows, storage capacity of dams and aquifers, the role of groundwater in provision of sustainable
baseflow in rivers, groundwater recharge rates, and so on.

Overall, allocations should ideally be consistent with the way water is stored and how it flows,
accounting for return flows and connectivity between water bodies, and taking into account the
impact of transferring water from one extraction point to another. For instance, regulating surface
water but leaving groundwater to landowner appropriation could encourage shifting use from surface
to groundwater. Also, establishing a limit on individual withdrawals at farm level may encourage
increased water use efficiency as farmers strive to maximise the production value of their allocated
water. However, reduced return flows to the natural environment and downstream contributes to the
well-known rebound effect, changing the overall water budget at the basin scale. Adequate monitoring
and return-flow accounting can mitigate this issue.

1.3.3 Allocation rules
Allocation relies on a set of rules defining:

« How individual allowances are defined (flow rates, volumes or proportional shares) and over
which period they are valid (seasons, months, weeks, days, hours).

- Who has the right to use water, how much, how and when.

+ How individual allocations will be ramped down in cases where the total amount of water
allocated exceeds the extraction cap (which is likely in the early stages).

« How water can be reallocated between users over time to provide flexibility, and account for
new users and uses and changing conditions (e.g. climate change).

- How to prioritise among agricultural uses (if different farm types for instance), and between
agricultural uses and other uses such as communities and environmental needs.
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- How to account for interactions between surface and groundwater and implement conjunctive
use of surface and groundwater.

+ How to deal with fluctuation of resource availability: in times of extreme scarcity (drought),
allocations may not follow the agreed fixed time slots or proportional shares, but rather may be
distributed on an agreed priority ladder between users, for instance when drinking water supply
is prioritised over irrigation.

The design of those rules raises issues of social justice (i.e. what is a fair allocation of a scarce
natural resource?) and of economic efficiency (i.e. how should water be allocated to maximise
economic production and social welfare?). How to integrate the needs of agricultural water users
and communities (social resilience) while protecting environmental flows (ecological resilience)
is an often overlooked but central question in the elaboration and implementation of allocation
rules. Different countries, states and regions have made unique choices on trade-offs between social,
environmental and economic priorities. There is an urgent need to take stock of recent institutional
developments and present alternative strategies and options for designing robust allocation rules in
agriculture.

1.3.4 Compliance and enforcement

Ostrom (1990) has shown how important monitoring and enforcement procedures were in irrigation
systems to increase compliance with allocation rules. Designing and implementing an effective
compliance and enforcement strategy raises three main issues:

« The first one relates to the role played by the State and users’ communities. While some countries
have opted for a fully decentralised approach where users are given legal powers to monitor
water use and impose sanctions in need, others rely on a hybrid approach where powers are
shared or strictly keep enforcement as a duty of public administrations.

- Organising effective water use monitoring is a second key issue. Technology can now help with
controlling use, for instance through satellite images or smart volumetric meters. Encouraging
social control by users themselves is a complementary strategy which can also be supported by
ICT (information and communications technology; smartphone applications to report extraction
points for instance).

- The cost of monitoring and enforcement is the third issue: human and financial resources
invested in compliance and enforcement must be proportionate to the level of water scarcity in
the basin, with potential conflicts between agriculture and the environment.

1.3.5 Performance of allocation regimes

When crafting allocation rules, stakeholders are (implicitly or explicitly) making trade-offs between
four main competing water management objectives: effectiveness, economic efficiency, social justice
and resilience. However, when implemented in practice, allocation rules may not exactly match initial
expectations and they may prove to perform less well than anticipated at the design stage. Evaluating
the performance of rules in use along the aforementioned criteria is an exercise that should help
improve allocation regimes.

Effectiveness corresponds to the ability of the allocation regime to ensure predictability of
supply to water users (including domestic as well as agricultural and industrial water users) and
environmental sustainability. Effectiveness depends on how actors integrate the complexity of
hydrological systems into the allocation rules in order to enhance their environmental effectiveness.
Economic efficiency is achieved when the apportionment of water among users maximises social
welfare, with minimum transaction costs. Economic efficiency is dependent on the capacity to
transfer allocations between uses, and to do this in such a way that water ideally moves towards
the highest use value. Equity or fairness refers to two distinct dimensions: distributive justice which
refers to fairness in the allocation itself (who gets how much water) and procedural justice which
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refers to the way allocation rules have been crafted (users’ participation in the decision process)
(Syme et al., 1990). Resilience refers to the ability of allocation rules to maintain effective, fair and
economically optimal outcomes during multi-year droughts and over time, taking into account the
impacts of climate change.

1.4 STRUCTURE OF THE BOOK

This is an edited book with 20 chapters, including the present introduction and a conclusion. It is
divided into two sections.

The first section deals with five cross-cutting issues in the transition from open to regulated access
through allocation regimes. Blomquist and Babbitt (Chapter 2) focus on the political nature of the
transition to regulated access, focusing on groundwater. Based on several experiences across the
world, they provide nine concrete recommendations to support the transition process.

Nelson (Chapter 3) then describes how the 21st century has seen a geographic broadening of
arrangements for allocating water sources. She argues that allocation regimes across the world
increasingly include non-traditional water sources, interactions between sources, environmental
needs, and cultural purposes. There is a broadening beyond current water rights holders to include
a wider range of values in decision-making, and to recognise human rights to water. Similarly,
Hurlbert (Chapter 4) reviews how previously ignored Indigenous rights to water are now increasingly
recognised, drawing from examples in Canada, the United States, Central and South America, and
New Zealand. She argues that recognising these rights and worldviews, such as respecting Mother
Earth and the concept of Buen Vivir, move law, practice and water governance closer to a fairer and
more socially just sharing of water resources.

Stein and colleagues (Chapter 5) provide insights into the increasing integration of environmental
needs in water allocation regimes. They argue that a holistic environmental water allocation approach
focuses on protecting overall ecological structure and functions, including preserving environmental
flows at broad spatial and temporal scales, and consideration of surface-ground water interactions
and the relationships between flow, sediment, temperature, and water quality. At the same time, they
emphasise that environmental flow programmes will only be successful if they are sensitive to social
issues and concerns, and integrate traditional values and perspectives.

Finally, Perez-Blanco (Chapter 6) explores the major economic challenges in implementing
allocation regimes, and proposes key design features for an optimal water allocation framework, which
achieves sustainable, equitable and robust economic growth. The chapter also provides examples of
economic instruments that can facilitate the transition to regulated access through allocations where
agriculture is a major water use.

The second section of the book presents 13 examples of transitions away from open access
through the development of water allocations. These examples were selected to cover a wide range of
geographical, environmental, social, economic and political contexts, while all addressing allocations
to major agricultural irrigation water uses (Figure 1.1). Most cases present allocation systems applied
to surface water and groundwater resources, although some focus more specifically on surface water
or groundwater, especially where they represent the more dominant resource.

The first four cases experiences are linked to the implementation of the EU Water Framework
Directive (WFD). Benson and colleagues (Chapter 7) present how authorities in England and Wales
have established a catchment-based approach to regulating water abstraction, and reformed licensing
arrangements to better take into account environmental sustainability. Sanchis-Ibor and colleagues
(Chapter 8) examine the case of Spain and the consequences of a historically permissive policy
in issuing water use rights in a context where scarcity is more pronounced. To tackle widespread
overallocation and institutional rigidities of the concessional regime, new economic instruments
have been sought to induce more flexibility in allocation decisions. In France, Rouillard and Rinaudo
(Chapter 9) describe how authorities have started to devolve allocation decisions to catchment groups
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Figure 1.1 Cases included in the book as individual chapters.

and agricultural user associations in a move towards collective management of water use rights. Ak
and colleagues (Chapter 10) present the Turkish case of national governance of allocations in a context
shaped by the adoption of several principles set out in the WFD.

Two contrasting chapters from the Pacific region and with vastly different climates (i.e. New Zealand
and Australia) are then presented. Challies and colleagues (Chapter 11) present the institutional
framework in New Zealand which combines a decentralised approach to allocating water in a
context where Aboriginal Maori rights over water resources are increasingly recognised nationally.
Guillaume et al. (Chapter 12) describe the experience of New South Wales (Australia) in regulating
groundwater use. A robust framework of extraction limits and a shares approach to allocations has
been implemented, together with flexibility built-in thanks to a regulated water market.

The following three chapters present insights into approaches carried out in three large, federal
states. First, Marques (Chapter 13) characterises key water allocation strategies followed in multiple
Brazilian states, showcasing innovative solutions crafted often collaboratively between users and
authorities. Aleskar and colleagues (Chapter 14) report on the overtly technical India’s experience in
groundwater allocations, and propose an alternative socio-hydrogeological approach that promotes
participatory mapping of aquifers and decentralised groundwater allocation for agricultural decisions.
Tremblay (Chapter 15) contrasts the legal framework for water allocation of two Canadian provinces
(i.e. Québec and Alberta) to show the implications of different legal histories over water use rights (i.e.
riparian and prior-appropriation).

There follow two cases from the United States which illustrate the potential for successful local
governance of water allocations. Running (Chapter 16) describes how a cooperative five-year agreement
between ground- and surface-water farmers in Idaho’s Eastern Snake Plain Aquifer has contributed
to the recovery of groundwater levels. The agreement was the result of multi-decadal legal, regulatory,
and policy disputes, and had to operate within a rigid institutional setting comprising overlapping
existing water use rights. In contrast, Jedd and colleagues (Chapter 17) present Nebraska’s transition
towards conjunctive use of surface water and groundwater, and provide insights into the benefits



Introduction 9

and limitations of the polycentric water governance model based on strong local control over water
resources in the form of Natural Resources Districts.

The last two case chapters present transboundary cases of water allocation. Ziganshina (Chapter
18) presents the key principles and rules of water allocation in the Amudarya basin shared by
Afghanistan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan. Starting in Soviet times and
validated by the Almaty Agreement in 1992, the basin now has a long experience of international
cooperation for sharing water. This longevity can be explained partly by the treaty’s flexible
modalities and specific water allocation formula. Major improvements are nevertheless needed to
deal with the dual pressures of increasing water demand and diminishing water supply in the near
future.

Similarly, Buono and Eckstein (Chapter 19) report on the experience of the Rio Grande basin,
shared by several US states and Mexico. Its innovative and collaborative cross-border governance
model has come under intense pressure in recent years. The authors explore, in particular, three major
challenges regarding consideration of groundwater and ground-surface water interactions; processes
for greater participatory governance; and the recent crisis linked to Mexico’s water debt.

The conclusion (Chapter 20) provides a comparative assessment of the 13 cases together with
insights from the cross-cutting chapters. Critical reflections on the key design features, implementation
processes, and performance of water allocation regimes are made, concluding with recommendations
for future research.
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ABSTRACT

Groundwater allocation is a key institutional instrument for restoring sustainability in overdrawn aquifers, especially
those that have been used on an open-access basis in the past. Many suggestions for improving groundwater
management — pumping reductions, fees on overuse, transferability of pumping rights or shares — are based
on the establishment of groundwater allocations. Therefore, how groundwater allocations can be created and
maintained is a critical foundational issue in sustainable water resource management. In this chapter, we review
the institutional and policy issues associated with establishing groundwater allocations: how they differ from and
relate to allocations of surface water; the various values to be taken into account when developing allocations; and
why the allocation of groundwater is an inescapably political process. We also review examples of groundwater
allocation efforts and identify some patterns among those examples. Combining the review and the examples,
we present and explain a set of considerations regarding the process of establishing groundwater allocations.
Our considerations are intended to be useful to practitioners as well as researchers interested in this subject, and
therefore potentially beneficial in practical ways in the advancement of water sustainability.

Keywords: Agricultural use, allocation, groundwater management, open access, politics, stakeholder involvement,
transition, water policy

2.1 INTRODUCTION: THE IMPORTANCE OF ESTABLISHING GROUNDWATER
ALLOCATIONS

Groundwater is a largely hidden resource, filling the porous rock and soil layers that exist beneath
the places we live, work, and recreate. While less visible than the water flowing in our rivers, streams
and reservoirs, groundwater is critical to sustaining people, economies, and natural systems. Globally,
groundwater is the primary water source for more than 2 billion people and makes up half of drinking
water and 40% or more of irrigation water worldwide (Lall et al., 2020). Increasing groundwater
withdrawals have led to significant depletion, posing risks to drinking water reliability, groundwater
quality, ecosystem health, agricultural productivity, and water, food, and livelihood security, and
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(CC BY-NC-ND 4.0), which permits copying and redistribution for noncommercial purposes with no derivatives, provided the original
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from any third party in this book. The chapter is from the book Water Resources Allocation and Agriculture: Transitioning from Open
to Regulated Access, Josselin Rouillard, Christina Babbitt, Edward Challies and Jean-Daniel Rinaudo (Eds.)
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raising dangers from land subsidence and sea water intrusion (Bierkens & Wada, 2019; Foster &
Chilton, 2003; Gorelick & Zheng, 2015).

The extent and severity of the groundwater challenge is daunting. Satellite observations show
major aquifers are being depleted on every continent except Antarctica (Lall et al., 2020). Famiglietti
(2014) warned, ‘Because the gap between supply and demand is routinely bridged with non-renewable
groundwater, even more so during drought, groundwater supplies in some major aquifers will be
depleted in a matter of decades.’” Compounding the challenge, many impacts of over pumping are
effectively irreversible, either physically (i.e., land subsidence) or economically because remedies are
cost prohibitive (e.g., saltwater intrusion, anthropogenic contamination, mobilization of geogenic
contaminants) (Lall et al., 2020). Climate change is exacerbating these problems in many locations
by reducing soil moisture and increasing evapotranspiration, both of which affect the vulnerability of
groundwater-dependent species (Condon et al., 2020).

Consequently, in areas where people, economies, and natural systems are at risk from groundwater
depletion or degradation, unregulated groundwater use is no longer tenable. The severity and urgency
of the situation varies by location but increasing competition for water overall intensifies the need for
improved water resource management, including systems to improve how water is allocated between
and within user groups (Meinzen-Dick & Bruns, 2000).

Groundwater allocation is a key institutional instrument for restoring sustainability in overdrawn
aquifers, especially those that have been used on an open-access basis in the past. How groundwater
allocations can be created and maintained is a critical foundational issue in sustainable water resource
management. Many suggestions for improving groundwater management — pumping reductions, fees
on overuse, transferability of pumping rights or shares - are based on the establishment of groundwater
allocations.

In this chapter, we focus on the institutional and policy issues associated with establishing groundwater
allocations, including: how they differ from and relate to allocations of surface water; the values to be
considered when developing allocations; and why the establishment of allocations is an inescapably
political process. We also review a small but diverse set of examples where groundwater allocations
have been developed, with particular attention to allocation development in agricultural and mixed-
use settings. Combining the review and the examples, we present and explain a set of recommended
considerations regarding the process of establishing groundwater allocations. There is no proven formula
or linear path for devising an allocation system to manage groundwater resources. Instead, we offer a set
of considerations intended to be useful to practitioners in the advancement of water sustainability.

2.2 OPPORTUNITIES AND DIFFICULTIES IN ALLOCATING GROUNDWATER

The primary strategy for arresting groundwater depletion in overdrawn aquifers involves setting limits
on the quantity of water that can be pumped and assigning enforceable allocations defining how much
users can pump per time period (Garner et al., 2020). This concept is well accepted and widely used in
surface water management. While there are similarities in managing surface water and groundwater,
establishing rules to allocate groundwater entails distinct opportunities and challenges.

2.2.1 Opportunities

Groundwater’s slower movement through the subsurface layers of the earth and the ability of aquifers
to receive and store water partially dampen the variability and vulnerability that are characteristic
of surface water. Consequently, groundwater can serve as a strategic reserve, or savings account,
to buffer against water scarcity and prolonged drought. Moreover, the coordinated management of
groundwater and surface water can enhance the overall resilience of water systems in ways that
benefit multiple uses and users of water (Blomquist et al., 2004). In most places groundwater and
surface water systems are closely linked (OECD, 2017) and in many circumstances, groundwater
can be recharged either naturally or through designed groundwater replenishment operations.
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Groundwater also allows for distributed access without massive infrastructure (unless large-scale
treatment is needed), which can complement surface water systems’ reliance on reservoirs, canals,
and other conveyance facilities.

These characteristics of groundwater and their complementarities with surface resources open up
prospects for improved water management. As we will discuss further in Section 2.3, the process of
developing groundwater allocations can be pursued in ways that capitalize on these advantages.

2.2.2 Difficulties

Other characteristics of groundwater present challenges to allocation development. Many arise from
the relative invisibility of the resource. Unlike surface water, groundwater is nearly impossible to
observe directly, making its use and conditions difficult to monitor and manage (Moench, 2004).
Further, compared with the data available for surface water, in most countries, groundwater quality,
quantity, and use data are poor and incomplete (OECD, 2017; Theesfeld, 2010), partly due to insufficient
investment in data collection but also because groundwater’s movement creates considerable lag
times that complicate monitoring and assessment. These challenges make it harder to determine what
amount of groundwater use can be sustained over time without harm, and a groundwater resource
can be in substantial difficulty by the time it is realized. These challenges do more than increase
the technical difficulties associated with groundwater management. They also make allocating and
managing groundwater more prone to conflict.

To start, groundwater’s relative invisibility blurs governance boundaries. Uncertainties about
recharge areas, flow and discharge characteristics, and connectivity with surface water make it difficult
to identify hydrogeological boundaries precisely (Theesfeld, 2010). Uncertain boundaries complicate
the identification of users and stakeholders (Blomquist & Schlager, 2005; OECD, 2017) and diminish
users’ awareness of their interdependent reliance on a shared aquifer system - especially compared
to the more recognizable upstream/downstream dynamic among surface water users. Furthermore,
aquifer boundaries often do not neatly align with surface water watersheds or river basins (OECD,
2017), so jurisdictional boundaries established to manage surface water do not necessarily match
those appropriate for managing a groundwater resource even where groundwater and surface water
are interconnected.

Surface water allocation and management have usually developed first, and groundwater rules have
lagged or been absent altogether (Mechlem, 2012). Where it has been managed at all, groundwater has
been governed and managed differently from surface water. Surface water is often regulated by a state
authority through a standardized permitting system, whereas groundwater governance has generally
evolved toward local planning and management (Peck et al., 2019). Whether one governance mode
is better than the other is largely beside the point; what matters more is that the two modes exist and
reconciling them in any way - including any effort to fit the governance of surface water use into the
management of groundwater or vice versa — can be expected to spark battles over control.

In addition, the physical nature of aquifer structures often renders overlying groundwater users
to be differently situated (Blomquist, 2020). Two groundwater users may extract water from the same
aquifer, but the aquifer’s underlying geological structure can render one groundwater user more or
less vulnerable than their neighbor. Users’ relative vulnerability also depends on their financial or
technical capability to access the resource (e.g., dig a deeper well). Situational disparities such as these
complicate reaching an agreement on allocations.

Other differences among groundwater users — such as wealth, family size and influence, history in
the area, ethnicity or tribal identity, and extent and location of land holdings - may also contribute
to making allocation assignment conflictual. When we model or theorize about groundwater
allocations, we typically disregard those differences and treat users as identical. In actual settings,
any effort to transition from open access to allocations will occur among users who are not abstractly
homogeneous, and their differences mean that distributional effects of any allocation system will be
layered onto these distinctions as well.
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Groundwater use also varies. Even where agricultural use predominates, groundwater will also be
used for purposes such as a village’s water supply and sanitation. Drinking water and other domestic
uses clearly must be accounted for and protected, even if the predominant use of groundwater is
for agriculture. Groundwater also supports surface water flows and habitat. Allocating groundwater
therefore becomes more than a question of how much each user gets; it becomes a matter of how much
is allocated to one kind of use compared with another (Endo, 2019; Jarvis, 2014).

Taken together, these differences among users and uses make choosing any basis for groundwater
allocations prone to conflict. Groundwater allocations can be, and have been, based on various
criteria, including property size, current land and water use, historical use, access to other water
sources, and more (Babbitt et al., 2018; Bruns & Meinzen-Dick, 2005; Ostrom, 2005; Theesfeld, 2010).
These options will have location-specific effects on groundwater management - ease or difficulty of
monitoring and enforcement, incentives and disincentives for greater conservation, and so on.

Further, choosing and implementing any of these allocation bases raises equity questions. If property
size is used, should all land count or only arable land? If land use is the basis, should allocations be
adjusted by soil type, crop type, irrigation needs? If historical use is chosen, what time period will be
selected for determining users’ histories, and will users inflate their use to secure a larger entitlement?
If access to other water sources is used, should groundwater allocations take account of the variability
or quality of those other sources and, if so, how?

The selection of any allocation basis will be contestable. No allocation basis is objectively or
neutrally best, and each choice will leave some groundwater users comparatively better off and others
worse off. The perceived fairness or unfairness will affect how users respond to or resist an allocation
arrangement (Daigneault et al., 2017; Hammond Wagner & Niles, 2020; Rinaudo et al., 2016; Syme
et al., 1999).! As Babbitt ef al. (2018) observed:

Groundwater management often requires asking people to change what they do in a way that
has an actual or perceived financial impact. This requires establishing trust within that group
of people - acceptance of a fair system that will allow them to use a sustainable amount of
groundwater that supports their livelihood over the long-term.

Because of these unavoidable aspects of developing groundwater allocations, adopting an allocation
system is ultimately a political decision. It is political in the fundamental sense of who gets to decide
and how. The decision might be made by users themselves through some locally situated process
or by some governing body on which their interests and opinions are represented, mandated and
imposed on them by some external authority without their voice, or some variation or combination
along this spectrum. In the end, a decision to adopt and implement an allocation system will be made
by someone through some means, meaning that at the core, developing groundwater allocations is
inescapably political. Deferring to whatever decision-making body allocates surface water is also a
political decision - one that should not be expected to be received well by groundwater users as already
noted. Relying on larger jurisdictions also does not erase the politics of groundwater allocation - it
just means that the array and relative influence of the interests being heard and attended to will differ
from what they would have been at a smaller scale (Lebel ef al., 2005).

One more important consideration is that people usually do not attempt to solve problems until
they are aware they have them. A logical and amply verified extension is that by the time a group of
people is having a problem, deciding upon and implementing a solution is inherently difficult because
people will have to change something they have been doing that brought about the problem. Molle
and Closas (2020c) characterize the resulting situation as a dilemma. There is little incentive (and

1Arguing that perceived unfairness can be mitigated later through side payments or transfers of water entitlements
is logically compelling but temporally backwards; in transitioning from open access to groundwater allocations,
what matters is getting an allocation system adopted in the first place. Even if there are potential ex post remedies,
users can be expected to resist an allocation system they perceive ex ante as unfair.
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substantial disincentive) to incur the costs of adopting and implementing a groundwater allocation or
licensing program before negative effects on the aquifer occur, but it is harder to adopt and implement
one after conditions have deteriorated. By the time people contemplate allocations, the resource will
be showing signs of overuse and degradation and developing allocations will occur in the context of
trying to remedy problems rather than prevent them.

2.3 MANAGING THE TRANSITION TO GROUNDWATER ALLOCATIONS

Viewed in terms of the groundwater allocation dilemma, the pressing challenge is to move away
from the already problematic open-access status quo. Since that transition will almost certainly be
conflictual and political, it is not necessarily a quest for an optimal allocation system. We do not
propose a particular allocation system, let alone an optimal one. The water allocation literature is
rich with optimization models. In practice, however, diversity of allocation rules is the norm and
optimality the exception. Instead of an optimization scenario, users of an open-access groundwater
resource that is already overexploited or degraded may need suggestions for proceeding from the
status quo toward something different. Our recommendations therefore focus on the transition itself.

2.3.1 Examples of transitions away from open access

Thanks to the work of many researchers in recent years, there are numerous examples of the transition
from open access to groundwater allocation. Some appear in subsequent chapters of this book. In this
section we draw upon six previously published case studies for most of our illustrations:

- the Gakunen Council for Coordinated Groundwater Pumping (CCGP), in Japan (Endo, 2019;
Jinno & Sato, 2011);

+ the Pioneer Valley groundwater basin, in Australia (Queensland 2016, 2019; Thomann ef al.,
2020); and,

+ in the US, the Main San Gabriel groundwater basin in California (Main San Gabriel Basin
Watermaster 2020; Steed, 2010), the Sheridan 6 Local Enhanced Management Area (LEMA)
in Kansas (Peck et al., 2019), and the Central Platte and Upper Republican Natural Resources
Districts (NRDs) in Nebraska (Hiatt & Zellmer, 2018; Hoffman & Zellmer, 2013).

Table 2.1 relates these cases to our recommendations regarding the transition process.

Table 2.1 Six groundwater allocation cases.
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2.3.2 Recommended considerations for the transition process

From these examples and other contributions to the natural resource management literature, we have
identified several factors that may contribute positively to transitions from open access to groundwater
allocations. Our recommendations are intended as helpful observations organized in a sequence that
we believe to be beneficial. We emphasize that what follows is not a recipe and the recommendations
should be considered and applied according to the specific conditions and dynamics of each basin.

2.3.2.1 Measure and report extractions

There may be exceptional circumstances where users are measuring and reporting their withdrawals
from an open-access groundwater resource, but typically where there are no allocations or limits
there is also no reporting of groundwater use. Transitioning away from open access may begin
with developing some means of measuring and reporting pumping (Bruns & Meinzen-Dick, 2005;
Evans & Dillon, 2018; Hoffman & Zellmer, 2013; Thomann et al., 2020). The information generated
by monitoring and reporting is essential for subsequent steps in allocation development and for
monitoring compliance with whatever future allocation system is worked out (Babbitt et al., 2018).

In addition, the act of measuring and reporting raises users’ own awareness of their individual
and collective use of the resource and this alone can have beneficial impacts (Syme et al., 1999).
Sharing the information - being aware of their own use and knowing others will see it - is sometimes
associated with a drop in withdrawals; in other words, the reporting may be as important as the
measurement (Ostrom, 2005).

In the six cases we listed above, measurement and reporting were early features of the transition
process. In some instances, this step began with users simply reporting their own estimated use;
subsequently, provisions for the metering of wells were added to assure more consistent and accurate
measurement. All six cases now feature measurement and reporting of extractions (see Table 2.1).
Other cases reported in the literature reinforce the importance of this step in the transition to
allocations (Rittenhouse, 2018; Singh & Zaragosa-Watkins, 2018).

Largerjurisdictions can play a catalytic role (requiring or incentivizing the initiation of measurement
and reporting), a reinforcing role (making measurement and reporting a condition for state recognition
of users’ allocations), or both. As remote-sensing technology has become more familiar and accurate,
larger jurisdictions may support its adoption as an alternative to metering large numbers of spatially
dispersed agricultural wells.? For a transition from open access to allocations, beginning to measure
and report is more important than what method is used - methods can be refined over time but getting
started is the key consideration.

2.3.2.2 Developing allocations takes time; in an emergency, consider buyouts

The transition away from open access will entail tensions and dilemmas. Transition is unlikely to
begin until a groundwater basin is showing signs of trouble and developing and implementing an
allocation system can take a long time, during which degradation will continue. That time is necessary
because building cooperation and trust ‘can be the difference between successful and unsuccessful
groundwater management’ (Babbitt et al., 2018). Patience is required and typically a system of
allocations will be assembled in stages rather than all at once (Bruns, 2005).

Fortunately, due to characteristics noted in Section 2.2, changes in groundwater conditions tend
to be slower than for surface water. If open-access overexploitation has occurred at high rates or for
long periods, however, conditions may have worsened to the point of an emergency (e.g., failing wells,
water quality impairment) by the time the allocation development process gets underway. Even in

2See https://blogs.edf.org/growingreturns/2021/10/21/measuring-water-california-delta-openet/ for a description
of such a system, OpenET. Starting in January 2022, California will allow farmers to use OpenET to report their
annual water use in the San Francisco-San Joaquin Delta, which supplies water to 25 million people and 3 million
acres of Central Valley farmland in that US state.
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these circumstances there is an alternative to rushing an allocation system into place. We recommend
that users and other policymakers consider buyouts as a short-term measure to address emergency
conditions and provide the needed breathing space for the allocation development process to continue
in a deliberate fashion.

In agricultural settings, buyouts would typically take the form of compensation for temporarily
fallowing or permanently retiring irrigated land, which may mean shifting to dryland farming. Buyouts
can produce prompt reductions in pumping. There may be constructive roles for larger jurisdictions,
such as assisting with technical analyses to target lands for buyouts or providing funds for the buyouts
(EDF, 2021). Smart implementation of buyouts should target irrigated land with comparatively
lower-value production relative to water use and consider whether alternative land use benefits are
possible. We do not endorse buyouts as a panacea but they may be used selectively and constructively
to remediate dire groundwater problems quickly and allow a considered transition to allocations to
proceed.

Buyouts have been used in most of the six basins summarized in Table 2.1. We highlight here the
Gakunen case in Japan where a buyout scheme was devised to target seawater intrusion. Pumpers
away from the intruded area subsidized an alternative water source for the pumpers overlying the
intruded area so they could cease pumping, thereby allowing groundwater levels to recover and arrest
further inland movement of seawater (Endo, 2019). There are many other examples in the literature of
buyouts being used in overdrafted groundwater basins (e.g., Rittenhouse, 2018; Rosenberg, 2020a,b;
Ross and Martinez-Santos, 2010; Singh and Zaragosa-Watkins, 2018).

2.3.2.3 Establish and maintain incentives to complete the transition

Given the time necessary to develop groundwater allocations, it is helpful to establish some motivation
to complete the process, that is, some negative consequence users will experience if the transition is
not made. Otherwise, the open-access status quo may persist despite deteriorating conditions, and
users may abandon or undermine the transition process once it becomes difficult, as it inevitably will.

Here too, constructive roles may be played by larger jurisdictions. A threat of intervention if users
and others at the local level do not develop an allocation system or fail to show progress within
a specified time frame can be highly motivating (Molle and Closas, 2020a; Rouillard et al. 2021).
Groundwater users might prefer no governance to local governance, but they will normally prefer
local to external governance. Another source of motivation can come from neighboring users or
jurisdictions. It is rare for a groundwater basin to be completely isolated: commonly there is inflow
from or outflow to adjacent water sources. To the extent that groundwater overuse in one basin affects
adjacent ones, the threat of intervention initiated by neighbors can provide incentives to develop
an allocation system. Droughts, especially severe or multi-year ones, sometimes provide impetus to
initiate or complete a transition away from open access and may trigger threats of intervention from
larger or neighboring jurisdictions.

Although the details vary, all six of our comparative cases involved some motivation or incentive to
keep the transition process moving. In both the Central Platte and Upper Republican cases, interstate
compacts govern rivers that are either fed or depleted by the groundwater supply conditions. In
Pioneer Valley there is the threat of intervention by a larger jurisdiction: the State of Queensland
possesses authority to take over if basin-level efforts fail and the State audits basin-level performance
every five years. In the Main San Gabriel Basin there was no threat of state intervention, but there was
a prospect of litigation from downstream users who depended on the basin’s outflow.

2.3.2.4 Involve as many users as possible

As stated in the Organization for Economic Co-operation and Development (OECD) report: ‘A clear
and transparent process should be in place to facilitate stakeholder engagement in the determination
of a sustainable exploitation strategy and other key allocation decisions’ (OECD, 2017). There are
understandable temptations to ‘streamline’ the process in order to reduce the transaction costs
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and time associated with allocation development. In practice, however, those measures often entail
excluding subsets of users or other stakeholders - for example, just negotiating allocations among the
largest users or just negotiating allocations for one sector.

As mentioned earlier, the allocation development process need not and should not be rushed. An
allocation system should be designed for duration; shortcuts to the transition process run the risk of
neglecting issues or interests in ways that generate problems during or after implementation. Even
common shortcuts such as excluding small users should be reconsidered. Involvement is a form of
recognition, a way of being taken seriously (Bruns, 2005). In many groundwater basins, small users
have the most at stake - their reliance on groundwater may be nearly total. Excluding them from
the transition process may equate to excluding the voices, concerns, and ideas of users for whom the
groundwater resource is most essential.

Although an inclusive process cannot guarantee that an allocation system will achieve consensus
acceptance, trouble-free implementation, and smooth adaptation over time, excluding users or other
stakeholders raises the chances of opposition, resistance, and rigidity. Involving as many users as
possible is a means of incorporating the most information into the allocation system design in the
present and allowing some flexibility in the future. Leaving individuals or interests out of the process
may appear expedient in the short term but prove a poor bargain later.

Of course, involvement can occur in a variety of ways. Large numbers of users may have to be
represented (Evans & Dillon, 2018), and local or regional governmental or non-governmental bodies
may have to represent some interests or groups (as occurred in the Main San Gabriel Basin case). In
the cases we compared (Table 2.1), involvement took myriad forms as one would expect: agricultural
water users were directly involved in the design and implementation of allocations in Sheridan 6, for
example, and users’ representatives negotiated the allocation arrangements in the Main San Gabriel
Basin.

2.3.2.5 Allow carry-over pumping or multi-year allocations

For many and probably most users, any proposed movement away from the status quo, even in the
name of reform or sustainability, prompts worry. Most users will expect to end up worse off and will
weigh prospective losses more heavily than gains. Accordingly, we see setting a cap - which some
readers might have expected to come next - as better tackled after users are assured of some control
over their post-cap circumstances and we therefore discuss carry-over and transferability options
ahead of cap setting.

One way to provide some assurance of control and flexibility under a cap is through provisions for
carrying over unused pumping from one period to the next. Although users will be concerned that
their new allocation under the cap will be insufficient, there is some advantage in knowing that if
one is able to make do with the assigned allocation - or even with a little less in some years — under-
utilization in period one can leave a little cushion in period two. Multi-year allocations are another
means to this end. Users who receive an allocation that can be used over a period of years are similarly
assured that reduced usage in one year can be available if needed in a subsequent year.

One of the most destructive dynamics in the use of any common-pool resource is the ‘use it or lose
it’ calculus by which users strive to extract whatever they can in the present for fear that consumption
foregone today will be foreclosed tomorrow. The prospects for successful adoption and continuation
of an allocation system are enhanced by replacing the use-it-or-lose-it mindset with an assurance that
forbearance does not equate to forfeit. In agricultural settings in particular, users may value knowing
that pumping less in a year when precipitation or surface water is good allows one to save that unused
pumping in case the next year offers less precipitation.

Reasonable constraints may be placed on carry-over allowances, for example, limiting how much
unused pumping can be carried over from one period to the next or how much stored carryover water
can be withdrawn in any subsequent period. Such precautions can mitigate negative effects from
harmful rises or drops in groundwater levels (Hiatt & Zellmer, 2018). In practice, carry-over provisions
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and multi-year allocations are often accompanied by such limits but still provide users some control
over their use and some incentive to exercise restraint in the present without jeopardizing the future.
In most of the cases we have compared (see Table 2.1), either carry-over or multi-year allocations are in
place subject to some rules. In the Sheridan 6 Local Enhanced Management Area (LEMA) in Kansas,
for instance, with the assistance and support of the state’s Chief Engineer, pumpers negotiated a multi-
year allocation arrangement in which carry-over of unused pumping was both allowed and limited
(Peck et al., 2019). In the first five years of operation under those allocations, the target reduction of
groundwater use was 20% and irrigators exceeded that goal by achieving an overall reduction of 23%
and therefore had carry-over water available for the next five-year period.

2.3.2.6 Make production tradeable

Transferability of water allocations is recommended widely in the water resource management
literature. Most such recommendations identify transferability as something to be added on to an
allocation system after a cap on pumping has been put in place and allocations have been assigned
to users. For example, the OECD states: ‘Once the elements of a robust allocation scheme are in
place, allowing water entitlement holders to trade, lease or transfer water entitlements can improve
efficiency in allocation and resource use’ (OECD, 2017).

As with carry-over provisions, and for similar reasons, we recommend that users be assured of
transferability even before a cap is set and allocations made. Putting transferability assurances into
place ahead of the assignment of a cap and allocations can facilitate the transition process: users
will know that if they need more water than they were allocated they may be able to acquire some
from another user and if they are able to use less than their allocation, they may be able to monetize
the savings or exchange water transferred in one period for access to a comparable amount later. In
combination with carry-over provisions, transferability gives groundwater users more control over
their situation in the future which may reduce their anxiety about and resistance to the adoption and
implementation of an allocation system.

Incorporating transferability into the transition process does not have to mean full development
of a water market. That can come later if desired. The key is to get from open access to allocation by
lowering water users’ apprehension. Actual transfers may be relatively rare, especially at first, and
‘large investments in developing formal registries, building capacity to scrutinize potential third-party
impacts, and other costly measures, may not be justified by the potential level of transfers’ (Bruns,
2005).

Our rationale for making allocations transferable is therefore different from the rationales found
in the water resource literature of the past half-century or so. Those arguments were offered mainly
on the grounds of economic efficiency (allowing those with higher-valued uses of water to bid some
away from those with lower-valued uses) and adaptive management (allowing the initial assignment of
allocations to be adjusted marginally through transfers as water resource conditions and/or valuations
change). Both rationales are sound and important, but our argument for transferability is as an aid to
getting an allocation system into place.

As with carry-over, transfers may be subject to limitations. In most of the cases we reviewed where
transfers of allocations are allowed (see Table 2.1), there are constraints to account for potential
impacts of shifting the location and intensity of pumping within a groundwater basin or for other
purposes. In the Upper Republican Natural Resources District in Nebraska, for example, transfers
are subject to approval by the district’s board of directors and are limited to nearby lands (less than 6
miles or approximately 8 km away) (Hiatt & Zellmer, 2018).

2.3.2.7 Develop allocations as shares rather than fixed quantities

Providing assurance that no current users will be shut out can address users’ anticipation about
an allocation system’s effects. This can be achieved by assigning users shares in the total amount
of allowed pumping rather than assigning them fixed quantities of allowed pumping. Many users
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would prefer the certainty of a fixed quantity, but in an already overdrawn basin they also rationally
anticipate there will be a cap someday and it will mean limitations on pumping. In such a scenario,
fixed-quantity allocations for all users and reductions in total pumping necessarily collide. Those who
anticipate negative impacts can be expected to resist and try to undermine the allocation arrangement.
Young (2014) and Young and McColl (2003, 2009) have advocated allocating pumping shares for
precisely this reason.

Share assignments are also more easily adjustable when a cap on total pumpingis adjusted downward
or upward based on groundwater conditions. This latter advantage is emphasized by Young (2014) and
others, for example, Bruns (2005), Burchi (2018), Evans and Dillon (2018), and OECD (2017). Share
allocations may therefore benefit both the transition process itself and the implementation of the
resulting allocation system. Assigning shares is no panacea, however, and location-specific factors
may require adjustment if some water users or uses are more flexible than others (Meinzen-Dick &
Bruns, 2000).

Among our cases (Table 2.1), shares have not been as common as fixed quantities thus far. We draw
attention here in particular to Pioneer Valley in Australia, a country that is a leader in the shift toward
share-based allocations (Burchi, 2018). Each groundwater user in Pioneer Valley possesses a pumping
license that nominally assigns a volumetric quantity of allowed pumping, but each year the basin
administrator announces an adjustment percentage to be applied to each user’s licensed quantity
based on groundwater conditions in the basin. The application of an annual percentage to each user’s
allocation effectively transforms the volumetric allocations into relative shares. In Nebraska’s Upper
Republican Natural Resource District, each irrigated acre is allocated a specific number of inches
of groundwater that can be pumped, and this allocation is adjusted every five years based on water
availability, Republican River Compact compliance, and how much water is reasonably needed (Hiatt
& Zellmer, 2018). The adjustable five-year allocation essentially mimics a shares-based system with
allocations adjusted through time based on changing conditions. In California, the Main San Gabriel
Basin was the first adjudicated groundwater basin to assign shares (Blomquist, 1992) and other basins
followed that lead in subsequent allocation transitions.

2.3.2.8 Set an initial cap

At this point we turn to establishing an initial limit on total pumping, that is, the initial cap. Presumably
the cap will be set below the aggregate amount of current extractions; otherwise there is little point
in transitioning away from the status quo. The initial cap (and subsequent revisions to it) should also
account for non-agricultural uses that may need to be protected, such as groundwater availability for
drinking water and sanitation and for ecological needs.

On the other hand, there are reasons why the initial cap does not have to be at an ideal level for
permanent sustainability. First, that level may not be known yet, and there are sound arguments for
managing adaptively as more becomes known about groundwater conditions and how they (and the
users) respond to the initial limitation. Second, groundwater resources generally have more buffering
capacity than surface water resources and are more amenable to a phased approach. Third, as noted,
we presume and recommend that if groundwater conditions are in crisis some emergency measures
should be taken; in the absence of that, there should be at least some time for adjustment toward a
sustainable path.

Our view is that (a) getting an initial cap in place is an important element of developing and
implementing allocations, but (b) the initial cap need not be the final cap, and therefore (c) establishing
the initial cap does not have to wait until everything is known and everyone has agreed on what the
final cap should be. In some of the cases we have compared for this chapter, initial pumping limits
have been put in place and then adjusted - typically downward - once groundwater users have been
assigned their allocations and the allocation system has begun operation (see Table 2.1). In Kansas,
the agricultural pumpers who established the Sheridan 6 LEMA agreed in 2012 to set their initial
cap at 20 percent below their estimated aggregate pumping, with a multi-year allocation of 55 inches
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of irrigation water per acre for the initial five-year period. This was a substantial reduction from the
status quo, but the farmers also were aware that it was still probably too high and would have to be
adjusted (Peck et al., 2019). It was nonetheless an important starting place.

2.3.2.9 Update data on groundwater use and basin conditions frequently and transparently
and use this data to adapt production limits periodically as needed, until what is perceived to
be sustainable is reached

Once an initial cap is established and allocations assigned, it is vital that groundwater users and basin
managers understand how the allocation system is operating and what effects it is having. Credible
monitoring and reporting undergird sustainable management arrangements (Evans & Dillon, 2018).
Data on groundwater use are essential to establish confidence that users are complying — which
reinforces users’ future compliance - or to identify non-compliance so it can be addressed quickly
before it erodes trust. Data on groundwater conditions are equally essential to determine the
allocation system’s effects, although conditions may take a while to show results because groundwater
can respond more slowly. These data can be used to adjust production limits over time until desired
conditions are maintained.

There is no uniform recommendation regarding how frequently updates should occur. Technological
advancement has certainly made it possible to communicate data faster than in the past, when annual
reports might have been regarded as frequent enough. Annual updates on usage may still be sufficient
and are the norm among the cases we have compared for this chapter. The Natural Resources Districts
in Nebraska and the court-appointed watermaster in the Main San Gabriel Basin issue publicly
available annual reports, which include data not only for the current year but also showing how usage
and conditions have changed over time.

In regard to adjustments, production limits have been adapted over time in the cases we have
compared for this chapter (see Table 2.1). We draw particular attention to the Upper Republican
Natural Resources District in Nebraska, where pumpers’ initial allocations in 1978-1979 were 20
inches of groundwater per year for irrigation (100 inches over five years). By 2013-2017, the five-year
allocation had been adjusted downward to 65 inches or an average of 13 inches per year — a drop
of more than one-third compared with the initial allocation (Hiatt & Zellmer, 2018). The politics of
groundwater allocation has not prevented even this substantial adjustment; the allocations are made by
the District’s elected board of directors, most of whose constituents are the agricultural users receiving
those allocations. Transparent, credible data on groundwater use and basin conditions, combined with
the external pressure of an interstate agreement governing the river to which the groundwater resource
is connected, have made reduced allocations acceptable even if they are unwelcome.

2.4 CONCLUSIONS: CONTEXT AND VARIATION IN GROUNDWATER ALLOCATION
DEVELOPMENT

In any location, allocations will reflect basin characteristics and conditions, uses, preferences and
priorities, and the historical, cultural, and political contexts of land and water use. Groundwater
allocations also will and should reflect how groundwater and its use in that location interact with
surface water and surface water use. The configuration of these conditions, characteristics, and
contexts is unlikely to be the same from one location to another. Accordingly, we fully expect the
transition from open access to groundwater allocations to proceed differently and produce different
results in each groundwater basin.

The importance of contextual influence also means that there is and can be no blueprint or recipe
for the transition to allocations or the resulting allocation system. The recommended considerations in
Section 2.3 are intended only as suggested ways that a transition process may be facilitated, based upon
our recognition of (a) the opportunities and challenges associated with groundwater and its allocation,
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(b) the inherently and unavoidably conflictual and political nature of the transition to groundwater
allocations, and (c) some lessons and illustrations drawn from places where the transition has been made.

Observing that the transition process and resulting allocation system will vary from place to
place is, in our view, an empirical statement. It is not a normative argument that local allocation
systems will automatically be efficient, equitable, and effective. There are no panaceas, and that
includes local management itself (Boelens et al., 2005; Molle & Closas 2020b; Ostrom, 2005). The
importance of local variation derives from the significance of context rather than from a faith that
local arrangements will always or inherently be best. Sustainable groundwater management is a
complex endeavor, and on balance the development of allocations is better undertaken with careful
regard for contextual factors (Boelens ef al., 2005; Daigneault et al., 2017), which include not only
physical conditions but social and historical ones, such as what users perceive to be fair and legitimate
(Bruns & Meinzen-Dick, 2005; Hammond Wagner & Niles, 2020). Water ‘scarcity and competition
are not standard problems for which universally valid solutions can be formulated’ (Boelens et al.,
2005; see also Ostrom, 2005).

Although allocation development is context-specific, larger-scale jurisdictions such as national
and regional governments can fulfill valuable roles to enable and encourage the transition process.
They can aid in the development and availability of technical information about water resources,
provide financial or other assistance for emergency actions such as buyouts if needed, and adjust
water resource policies, property law, or other rules to remove impediments to flexibility-enhancing
practices such as carry-over or multi-year allocations, transferability, and allocations of shares.
Within such a policy environment, efforts at the groundwater basin level to transition to allocations
will face better prospects for success. Larger jurisdictions can also support transition processes
by providing institutional arrangements that facilitate conflict resolution and equitable access to
participation.

There is no reason to expect that transitions from open access to allocations will be easy, quick,
or inexpensive, or will be successful upon first attempt. Diversity in allocation systems is neither
unexpected nor undesirable, and policymakers may need to resist temptations to impose or induce
uniformity in the name of harmonization. Similarly, there is no reason to expect transitions away
from open access will result in optimal allocation systems as defined by modelers or other researchers.
The transition process itself is more important and offers water users a more sustainable, enduring
pathway than the open-access alternative. Further, a transition away from open access sets the stage
for other water management improvements (transfers, conjunctive management, etc.) to follow.
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ABSTRACT

Around the world, allocating water is a major task of national and sub-national water laws. Although each jurisdiction
develops its laws uniquely in response to local conditions, common trends emerge across multiple jurisdictions. The
21st century has seen a geographic broadening of administrative planning and permitting or licensing arrangements
for allocating traditional water sources. Allocation regimes also increasingly cover non-traditional water sources
that previously fell outside their bounds, including brackish groundwater, rainwater and recycled water. Recognizing
interactions between sources is of increasing concern to allocation regimes. Legal developments also provide for an
increasing array of water users and other participants in allocation processes. Traditionally, allocation arrangements
have centered on significant agricultural, municipal, industrial and other commercial uses. More recently, water
law increasingly contemplates granting allocations to, or controlling, uses for environmental purposes and
cultural purposes, and broadening access beyond current water rights holders under water market rules. Both
constitutional and water laws increasingly recognize a human right to water, and increasingly inclusive processes
apply to formulating water plans that guide or influence allocation regimes. These developments are not uniformly
present, or present to the same degree, in all jurisdictions. However, encouragingly, they demonstrate increased
recognition of the need to respond to water scarcity and give greater attention to equity and inclusion among water
users and participants in allocation regimes.

Keywords: Allocation, environmental flows, groundwater, human right to water, law, participation, water licensing,
water planning, water transfers, water user institutions

3.1 INTRODUCTION

Around the world, allocating water is a major task of national and sub-national water laws. Although
each jurisdiction develops its laws uniquely in response to local conditions, overarching global legal
trends have emerged over time, carrying important implications for agricultural water uses. First,
water law increasingly uses administrative planning and permitting systems to cover more water
sources, including those that traditionally have been less regulated, and it does so in more complex
ways. Second, it increasingly both accommodates and controls more diverse social and environmental,
as well as economic, stakeholders, such as water users and participants, in administrative regimes.

© 2022 The Editor(s). This is an Open Access book chapter distributed under the terms of the Creative Commons Attribution Licence
(CC BY-NC-ND 4.0), which permits copying and redistribution for noncommercial purposes with no derivatives, provided the original
work is properly cited (https://creativecommons.org/licenses/by-nc-nd/4.0/). This does not affect the rights licensed or assigned
from any third party in this book. The chapter is from the book Water Resources Allocation and Agriculture: Transitioning from Open
to Regulated Access, Josselin Rouillard, Christina Babbitt, Edward Challies and Jean-Daniel Rinaudo (Eds.)
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While both categories of trends are notable, they are not without difficulties and challenges. These
point to varying gaps between law on paper and law in practice, and, in some cases, more fundamental
questions about the appropriateness of reform directions.

This chapter synthesizes insights into these overarching legal trends and accompanying difficulties
and challenges in 21st century reforms to allocating water between water users, with a focus on
implications for the agricultural context. More detailed, jurisdiction-specific discussion follows in
subsequent chapters. As befits these introductory purposes, the chapter draws on secondary literature,!
attempting to represent as many countries as possible, especially those that are less frequently discussed
in the literature. A number of important matters fall outside its scope, including allocations between
nations or sub-national jurisdictions; detailed institutional aspects of water allocation regimes; water
charging arrangements; and, except as they relate to ‘formal’ allocation laws, customary regimes for
water allocation, which are in particularly wide use in Africa (Schreiner & van Koppen, 2020).

3.2 THE GLOBAL GROWTH AND DEVELOPMENT OF ADMINISTRATIVE REGIMES FOR
ALLOCATING WATER

3.2.1 Adoption of permitting and planning systems across more nations

Across diverse jurisdictions, a common starting point for formal legal water allocation systems is
the vesting of water resources in the state (e.g. Indonesia, Kenya: Dai et al., 2017; Israel, Nicaragua:
Global Legal Research Center, 2013; Bangladesh, Bhutan: Hirji ef al., 2018).2 Water is still capable of
being privately owned in some jurisdictions, and this occurs much more commonly for groundwater
than for surface water (e.g., Austria, Japan, Portugal, some areas of the USA: OECD, 2015), but these
are best considered ‘isolated pockets’ of water allocation regimes (Burchi, 2019).

Public control of water is associated with the increasingly common use of administrative regimes
to allocate water, often by using statutory water plans and state permitting systems (China, Kenya,
South Africa: Dai ef al., 2017; Tanzania, Kenya, Burkina Faso, Swaziland: van Koppen, 2017). These
administrative regimes advantageously ‘allow[|] prospective consideration of the consequences of
allocation ... [and] a systemic approach to consideration of the secondary impacts of management
actions’ (Cosens, 2018). They are also able clearly to define the relevant entitlements, which is
considered vital to an allocation system (Hirji et al., 2018; OECD, 2017). However, these advantages
of administrative regimes can only reliably be secured if the management plans are binding on water
allocation decisions. Otherwise, they may act as mere plans ‘on the shelf’, with reduced on-ground
influence on allocations. In a recent World Bank survey of 101 countries, 65 required water
management plans that were binding on water allocation decisions, and 63 required a permit to
abstract water accompanied by a public notice and comment process (World Bank, 2019). In other
jurisdictions, water plans are a mere consideration (Finland: Soininen, 2014) and do not bind water
permit decisions. In some cases, water planning and permitting regimes only apply to some parts
of jurisdictions that are considered particularly water-stressed (Australia: Cosens, 2018) or where
environmental problems are significant (New Zealand: Daya-Winterbottom, 2014). There is also great
diversity in the scale at which water planning occurs, from the national level (Nepal: Hirji et al.,
2018) to the state level (states of the western USA: Cosens, 2018), to the local watershed level (some
areas of Australia, California, USA: Cosens, 2018; South Africa: Pejan et al., 2014). Though it appears

1For reasons of feasibility and accessibility to a broad readership, where possible, the materials cited rely
preferentially on readily available books, reports and multidisciplinary journal articles that discuss multiple
national jurisdictions, rather than law journal articles, which usually discuss a single jurisdiction and are often
only accessible through legal databases.

2For clarity and brevity, where a reference describes particular national legislative systems, these are stated in
parentheses with the reference.
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relatively rare, some jurisdictions are attempting to link statutory water plans with land use plans (e.g.
Vietnam, Ecuador, California, USA, Japan, Zambia, Tanzania: Burchi, 2019).

A key task of administrative allocation regimes is adapting allocations to scarcity. At the level of
individual allocations, a variety of mechanisms for adapting to reduced water availability have emerged
in different water allocation regimes over the last two decades. Some statutes expressly allow regulators
to reduce licensed abstraction volumes in response to reduced availability, with or without compensation
(Ecuador, Tanzania, Namibia, Zambia: Burchi, 2019). Others now specify allocations as ‘shares’ of
the available resource, rather than as absolute volumes (Australia, also considered in England and
Wales: Burchi, 2019). At the extreme, reduced water availability may lead water regulators to restrict the
granting of permits that draw from certain sources for agricultural uses in favor of drinking water, as is
occurring in the Netherlands in relation to dwindling fresh groundwater (Dai et al., 2017).

At the level of water planning instruments, climate change and associated reductions in water
availability are increasingly considered (India; Rufiji Basin, Tanzania: Hirji ef al., 2018), but this is far
from the case in all jurisdictions (Afghanistan, Bangladesh, Bhutan, Nepal, Pakistan, Sri Lanka: Hirji
et al., 2018). More generally, growing use of groundwater is frequently suggested as a climate change
adaptation measure (Hirji et al., 2018). This highlights the increasing need to ensure sustainable
groundwater allocation regimes are in place, particularly given that millions of wells globally are at
risk of running dry with even modest reductions in water table levels (Jasechko & Perrone, 2021).

3.2.2 Application of permitting and planning regimes to more water sources

As administrative permitting and planning regimes are covering water sources in more nations, these
regimes also appear to be applied to an increasing range of water sources within nations. This is
consistent with formal allocation regimes having increasing benefits when water sources are used
more intensively (OECD, 2017).

From a traditional focus on surface water, water allocation laws have increasingly broadened to
allocate access to groundwater (Mechlem, 2016), even in comparatively water-rich regions (British
Columbia, Canada: Mechlem, 2016). Indeed, permitting arrangements for groundwater allocations are
now considered to be ‘the central element’ of groundwater laws to control demand (Mechlem, 2016).
In some cases, significant recent changes to groundwater allocation have been triggered by changes
to surface water allocation. In Australia, where sub-national states have historically controlled water
allocation, the federal Parliament’s first legislative foray into this area was prompted by concerns about
over-allocation of surface water to agriculture, but the resulting legislation introduces comprehensive
caps on allocation of both groundwater and surface water for consumptive purposes. This federal
intervention instituted the first such controls on groundwater in some areas, which had not previously
been subject to state-level caps on allocation (Nelson, 2018). By contrast, India’s national government
has encouraged, but not required, states to adopt groundwater-specific legislation that often includes
permitting regimes in notified areas. However, rather than adopting this permitting approach, some
irrigation-dependent states have favored incentive-based approaches to crop diversification and
micro-irrigation to address sustainability concerns (Cullet, 2009). A still-common alternative to direct
groundwater allocation and permitting systems is land-based restrictions, such as restricting the
construction of new wells or regulating the allowable expansion of irrigated land (OECD, 2015).

Water management regimes also increasingly cover sources that have not traditionally been
regulated, including brackish groundwater, rainwater and recycled water, as well as water that is a
by-product of industrial processes (OECD, 2015). However, there are diverse approaches to formalizing
access to non-traditional sources, and many commentators indicate the need to create improved and
legally certain allocation frameworks for non-traditional sources (Hirji et al., 2018; OECD, 2017). In
Africa, commentators have noted a largely unmet need for law reform to facilitate irrigated agriculture
using wastewater (African Union, 2020).

A different perceived solution to scarcity has attracted significant attention, and the development
of legal frameworks, in some western jurisdictions: managed aquifer recharge, or aquifer storage
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and recovery (e.g. California, Texas, Florida, USA: Bray, 2020). These practices involve intentionally
placing water into aquifers for later use using injection wells or infiltration ponds, which raises
initial permitting considerations related to water quality impacts (Bray, 2020). Associated permitting
regimes for the ‘recovered’ water must deal with many complex issues, including the percentage of
the stored water that is recoverable and where it may be recovered, preventing others extracting it,
and allowable rates of recovery (Nelson & Casey, 2013). There is some evidence of over-reliance on
managed aquifer recharge as a solution to water scarcity problems in some jurisdictions, and perhaps
under-preparedness for its potential legal complexity (e.g. California, USA: Ulibarri et al., 2021).
Managed aquifer recharge occurs in jurisdictions outside the USA (e.g. Kitui District, Kenya: Clifton
et al., 2010; Kumamoto, Japan: OECD, 2017; India: Sakthivel et al., 2015; European jurisdictions:
Sprenger et al., 2017). However, significant analysis of the accompanying legal arrangements,
including how formal water allocation regimes accommodate these practices, has been rarer (e.g.
Clifton et al., 2010; OECD, 2017).

3.2.3 Increasing complexity of permitting and planning

Allocation regimes are also increasing in their complexity. The issue of recognizing interactions
between water sources, particularly groundwater and surface water, has characterized important legal
developments across several jurisdictions (OECD, 2015; states of the western USA: Trout Unlimited,
2007, states of the eastern USA: Weston, 2008). For example, water allocation reforms in the laws
of the Australian states have been driven by an intergovernmental National Water Initiative policy
agreed in 2004, which highlighted the need to manage interconnected surface water and groundwater
in an integrated manner (Cosens, 2018). In some places, innovative legal mechanisms provide for
groundwater users to ‘offset’ or mitigate their indirect use of connected surface water, for example by
purchasing or leasing (and not using) rights to connected surface water, or ‘pumping and dumping’
water from unconnected sources into streams that would be depleted by a groundwater pumping
proposal (states of the western USA: Nelson, 2015). In these contexts, integrating groundwater and
surface water refers to considering connections between surface water and groundwater to ensure
that the use of one does not unintentionally impact the other. Integration can also refer to the
‘complementary use of surface water and groundwater’ to increase productivity (World Bank, 2006).
The latter approach can be facilitated by allocation regimes that allow users to switch between surface
water and groundwater (e.g., some western states of the USA: Thompson, 2011).

3.2.4 Implementation challenges to permitting and planning systems

Putting to one side trends in law ‘on paper’, as time passes, commentators increasingly recognize that
rather than being a panacea for water problems, allocation permitting and planning regimes carry their
own challenges. This is the case even in jurisdictions in which they are well-established, as in New
Zealand, where regional plans define the quantum of water available for irrigation, industry and the
environment, and set out rules for water allocation (Daya-Winterbottom, 2014). There, uncertainties
have emerged where regional plans lack rules about how to consider competing applications to use the
same water resource, and the statute itself is silent on the matter (Daya-Winterbottom, 2014). South
Africa initially sought to implement a system of 21 catchment management strategies, which relate to
water management decisions, based on catchment boundaries, but subsequently revised this proposal
to 9 due to ‘operational challenges’ (Pejan et al., 2014).

In some jurisdictions, rollouts of area-based permitting systems, or their implementation, have
stalled, partially because they require greater administrative resources than are available in lower
income countries (South Africa, Tanzania, Malawi, Ghana: van Koppen, 2017). Some African
jurisdictions lack sufficiently secure agricultural water rights in general to facilitate private investment
in irrigation, for example, where government departments lack the administrative capacity to issue
small water user permits (African Union, 2020). Social equity concerns pose a further challenge to
permitting systems in some jurisdictional settings, discussed further below.
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3.3 ACCESS TO WATER FOR MORE WATER USERS, AND PARTICIPATION BY MORE
STAKEHOLDERS

The past two decades have also seen legal developments that recognize an increasing array of water
users and other participants in allocation and re-allocation processes, achieved through both market
and non-market mechanisms. Traditionally, allocation arrangements have centered on significant
agricultural, municipal, industrial and other commercial uses. More recently, environmental and
social equity concerns are prompting some jurisdictions to recognize more diverse water users either
within water allocation systems, or in a way that constrains the grant or exercise of formal allocations.

3.3.1 Human right to water

International recognition of the human right to water emerged in the early 21st century, notably with
the United Nations Committee on Economic, Social and Cultural Rights issuing a General Comment
on the right to water, in 2002, and a United Nations General Assembly resolution in 2010 (Winkler,
2017). The right is considered to encompass both distributive and procedural components (Hey, 2009),
both of which are relevant to water allocation laws. Conceptually, the distributive aspect either supports
directly allocating water to beneficiaries of the right, or constraining allocations to others in order to
protect access for beneficiaries of the right. The procedural aspect intersects with a greater focus on the
participation of more diverse stakeholders in water allocation and management processes.

International right-to-water developments have been accompanied by diverse jurisdictional
approaches to the issue as, some have argued, is entirely appropriate (Lugaresi, 2014). An increasingly
common trend in less wealthy nations is to constitutionalize the right to water in itself (e.g., Ecuador,
Bolivia, Gambia, Uruguay) or jointly with another right (Ethiopia, Kenya, Uganda, Panama, South
Africa, Nicaragua, Democratic Republic of Congo), such as a right to health or food (Lugaresi,
2014). In other nations, courts have recently interpreted older constitutional rights provisions as
encompassing the human right to water where the constitutional text does not explicitly refer to water
(e.g., Argentina: Onestini, 2017). Other, weaker, approaches include legislatively requiring agencies to
consider the human right to water when taking action in relation to policies, regulations and grant
criteria (Nelson & Quevauviller, 2016).

While the diversity of approaches to providing for a human right to water makes it difficult to
generalize about its possible effects on allocating water for agricultural purposes, several possibilities
emerge. Agricultural uses of water may be constrained if they threaten the human right to water
(Soininen, 2014), even if the right is not accompanied by allocations that appear in formal permitting
or planning systems. This could conceivably include threats to quantity as well as quality, although the
latter appear most prominently in the literature (e.g. Argentina: Onestini, 2017). Though international
conceptions of the human right to water appear restricted to domestic and sanitation uses, and
have been criticized for this (van Koppen, 2017), national conceptions of the right may extend to
subsistence agriculture, thereby placing water allocations for subsistence agriculture (covered by the
right) in tension with those for large-scale agriculture (not covered by the right). Comprehensive
comparative analysis of how constitutional courts interpret the potential for competing rights in this
context remains relatively limited.

3.3.2 Water for environmental purposes

Environmental uses of water traditionally have been under-represented in water allocation regimes, but
this is now changing, with implications for the allocation of water for agricultural purposes. Water laws
increasingly contemplate securing water for environmental purposes in one of two broad ways: ‘rules-
based’ approaches protect water for the environment by controlling the way that water is allocated
for consumptive purposes, including agriculture; and ‘rights-based’ approaches allocate water directly
to environmental purposes (Horne et al., 2017). The latter, which may allocate water to statutory



30 Water Resources Allocation and Agriculture: Transitioning from Open to Regulated Access

holders of environmental water (O’Donnell, 2018), appear relatively rare in a global sense. These latter
approaches are also currently largely restricted to the surface water context, though there is potential,
and arguably value, in extending them to groundwater (Nelson, 2022), as has occurred with rules-
based approaches (Australia: Pierce & Cook, 2020; western USA: Saito ef al., 2021).

Under rules-based approaches, water for environmental purposes is not formally conceived as a use
that is subject to allocation permit systems, but environmental purposes nonetheless constrain access
to water for uses that hold or require formal allocations. This is the case, for example, where water
for basic needs, ecosystems or both, is conceived of as a ‘reserve’ that is not available for allocation
(Kenya, South Africa: Dai et al., 2017), or where the judicially developed public trust doctrine obliges
government trustees to supervise and protect water as a trust resource (USA as a matter of state
law, India: Scanlan, 2017). Other nations subject consumptive uses to temporal or spatial rules on
withdrawing water, with overall caps on extraction calculated by reference to ecological requirements,
or require environmental matters to be considered in water allocation permitting processes on a case-
by-case basis (western USA, Australia: Horne et al., 2017; Nelson, 2013).

Within permitting processes, environmental issues may be considered under formal environmental
impact assessment-like processes (e.g. Peru, Honduras: Burchi, 2019); or using broader and vaguer
‘principles’ (western USA, Australia: Nelson, 2013; western USA: Squillace, 2020). Increasing attention
to the environmental implications of permitting water uses in Finland’s 2012 Water Act has led to a
statutory test that requires balancing of harms and benefits, though its practical application is made
difficult by the lack of a hierarchy or weighting criteria (Soininen, 2014). Similarly, New Zealand’s
Court of Appeal has determined that the legislated sustainable management principles considered in
the context of water allocation decisions require taking a ‘balanced judgment’ in relation to competing
considerations (Daya-Winterbottom, 2014). While facilitating contextualized decision-making, this
approach raises questions about the scope of administrative discretion, and the possibility of widely
divergent local approaches in the absence of specific guidance material (Daya-Winterbottom, 2014).

These developments may pose challenges to new and established agricultural water uses in a
variety of ways. Rules-based approaches constrain the amount of water available for agricultural
allocations, and rights-based approaches place environmental water holders in more direct
competition with agricultural users. Some legal approaches may allow for re-allocating agricultural
water to environmental purposes. This may occur where rules are newly established or adapted in
response to new information, such as revised caps on total consumptive allocations to reflect new
information about greater environmental water needs. New environmental concerns may prompt
pressure on governments to decline the renewal of time-limited consumptive allocation permits (India:
Scanlan, 2017). In some contexts, environmental water holders may purchase agricultural water to
dedicate to environmental purposes (see Section 3.3.3 below). In others, the public trust may require
the government to revise previously issued permits to secure ecological outcomes (California, USA:
Scanlan, 2017). In other cases, this is less clear in relation to agriculture, specifically: India’s adoption
of the public trust occurs alongside preferences for both domestic and agricultural requirements over
commercial uses (Scanlan, 2017), making its implications for agricultural water uses less clear.

The practical implications for agriculture of these developments may also be limited by design,
or by incomplete implementation. In some places, legal mechanisms that secure water for ecological
needs are only active during drought (Netherlands, China: Dai et al., 2017). In others, legislation
or policy may recognize the need to allocate water for the environment, but not yet systematically
do so (Bangladesh, Bhutan, India, Nepal, Pakistan: Hirji et al., 2018). Similarly, growing statutory
and judicial recognition of the legal personality of rivers and other water bodies around the world
(e.g., Aotearoa New Zealand, India, Bangladesh, Colombia: O’Donnell, 2021) certainly carries
strong rhetorical weight. However, these developments universally appear to lack water rights for
rivers (O’Donnell, 2021), so impacts on agriculture are likely to be less direct than competition
for allocations. Formal pro-ecology policy declarations in the context of water allocations in other
jurisdictions (e.g., ‘ecological civilization’ in China: Jia & Zhu, 2020) also carry uncertainties about
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the extent to which, and how, they might be implemented in practice, and affect new or existing
agricultural water allocations on the ground.

3.3.3 Transferring allocated water

As well as recognizing the legitimacy of new classes of water use, such as ecological uses, water
law reforms increasingly provide for transferring water between established categories of uses. In
some cases, it may be more palatable to establish a new allocation system if the system affords users
flexibility through a water transfer or water market system (e.g. California: Nylen et al., 2017).

Re-allocating water from agricultural to urban purposes is increasing around the world, with a
systematic review having identified 103 major rural-to-urban re-allocation projects undertaken from
2000 to 2018, with most occurring in Asia and North America (Garrick et al., 2019b). Whether
re-allocations are voluntary or involuntary, they occur in the context of legal and institutional
frameworks dealing with water rights (Garrick et al., 2019a), and can take a variety of administrative,
negotiated and judicial guises, of which market-based transactions are one. Interestingly, most rural-
to-urban re-allocations around the world do not occur under formal market and trading rules, but
as administrative decisions to re-allocate water, and under formal negotiated agreements (Garrick
et al., 2019b). Despite a general trend of recognizing the economic value of water (Dai ef al., 2017),
including through the development of markets, the practical prominence of this concept in the
context of rural-to-urban re-allocations appears muted. Rural-to-urban re-allocations also tend to
concern surface water more than groundwater (Garrick et al., 2019b), but more generally, markets
are also developing in relation to groundwater allocations (western USA, Australia, New Zealand,
Chile, Mexico, Spain: OECD, 2015). The development of water markets, and facilitative laws and
regulations, have enabled the transfer of allocations of agricultural water between users to varying
degrees in different jurisdictions. Some jurisdictions allow only intra-sectoral transfers (e.g. farmer to
farmer) (e.g. Honduras: Burchi, 2019); and others expressly ban transfers or implicitly do so by tying
water rights to land (e.g. Peru, Zambia: Burchi, 2019).

Where transfers are facilitated by law, permits and operational rules for re-allocations are considered
critical for making re-allocations effective and equitable; and conversely, uncertainty about who
owns water is a common cause of controversy in re-allocations (Garrick et al., 2019a). It is possible
to establish water markets for diverse types of rights, though trading is more complex and time-
consuming in some situations. In Australia’s much-discussed Murray-Darling Basin, the high activity
of agricultural water markets is facilitated by laws that require a transfer of a typically perpetual
water right to be consistent with a watershed plan, avoiding the need to assess transaction-specific
third party impacts, including to ‘donor’ agricultural communities, and thereby reducing transaction
costs (Cosens, 2018). Trade of older-style, time-limited rights that are associated with specific parcels
of land (termed ‘take and use licenses’ in Victoria, e.g.) is also possible, though more time-consuming.
In the western USA, the heavy regulation of water transfers more closely analyses third party impacts
than occurs in Australia, but dramatically increases transaction costs (Cosens, 2018).

3.3.4 Water for other consumptive users

In some ways, the converse of allocation regimes allowing for, and legitimating, more diverse water
uses, is the legal trend of requiring formal allocations for more types of water uses—in other words,
seeking to bring more uses under closer legal control. While not yet common, some water allocation
regimes are seeking to encompass indirectly used water, which was formerly exempt from formal
allocation permit requirements. This has occurred, for example, in relation to water use by trees in
dryland tree farms (South Australia, Australia: Burchi, 2019) and water that is a by-product of mining
and oil and gas production (New South Wales, Australia: Nelson, 2018; western states of the USA:
Thorne & Caile, 2013). This trend may protect agricultural water uses from the effects of what might
otherwise be unregulated and uncontrolled withdrawals, and reflects the concern of water allocation
regimes to better regulate the cumulative effects of water withdrawals.
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3.3.5 Implementation challenges to facilitating access

While there is increasing legislative recognition of the importance of water for both environmental and
other public benefit uses, barriers remain to the wide availability of water allocations for more diverse
water users. In some cases, even relatively recently introduced water allocation permit systems may tie
water permits to land ownership, which marginalizes the landless, especially women (Kenya: Dai et al.,
2017; sub-Saharan Africa: van Koppen, 2017). This is especially a concern in relation to groundwater
(OECD, 2015), though there is an increasing trend of separating even groundwater rights from land
ownership (Mechlem, 2016). Many allocation systems in former colonies have only recently begun
addressing water rights for Indigenous peoples based on historical uses or in other ways (Macpherson
et al., 2018). Some jurisdictions focus on providing rights in the form of spiritual and cultural rights
rather than for commercial uses (Australia: Macpherson et al., 2018) that would enable Indigenous
peoples to access water for agriculture or other forms of economic development. The latter approach
is more common in Latin America (Macpherson et al., 2018). Concerns can even arise with legally
strong, constitutionally based forms of protection: despite South Africa’s strong constitutional focus on
social equity, and a constitutional commitment of government to bring about equitable access to water
resources (Pejan et al., 2014, citing s25 South African Constitution), little of the intended redistribution
of rights to water has occurred in practice (South Africa: van Koppen, 2017).

Some commentators suggest that the growing use of state permit systems to allocate water is
fundamentally in tension with the human right to water. This may be particularly the case in agrarian
low- and middle-income countries where permit regimes ‘annul’ customary law and introduce a
‘bias towards single water uses’, rather than domestic water and subsistence agriculture, ultimately
“finishing the unfinished business of colonialism’ (van Koppen, 2017). Some recent water allocation
legislation deals with this by formally recognizing uses established under customary law, accompanied
by mechanisms such as local accreditation measures (Bhutan), a requirement to consider traditional
uses when deciding on new abstraction applications (Zambia, Namibia), or according customary
rights a generic priority or equal status to ‘modern’ permits (Peru, Tanzania) (Burchi, 2019). If well
implemented, such measures would presumably go some way to protecting traditional, small-scale
agriculture from the adverse effects of newer, large-scale agricultural withdrawals.

3.3.6 More diverse participants in processes that influence allocations

As well as substantive changes to the scope of water allocation regimes, procedural reforms that relate
to stakeholder participation may indirectly influence allocations. The 21st century has seen a reduced
role for central governments in the irrigation sector globally, away from a bureaucratic, top-down
approach, and towards a paradigm of participatory irrigation management and water user associations
(India: Cullet, 2009; World Bank, 2006), and frequent decentralization of control to the river-basin level
(Dinar, 2005). Influenced at least in part by developing international norms, national-level allocation
regimes have broadened stakeholder processes to involve water users in water resources management
processes (Brantas River Basin, Indonesia: Dai et al., 2017; Guatemala, Lao PDR, Sierra Leone, reforms
from 2016-2018: World Bank, 2019).3 In some places, First Nations peoples, who traditionally have
been disempowered or disadvantaged within these regimes, are increasingly considered in reforms or
reflected in developments in rights claims (Macpherson, 2019; Womble et al., 2018).

However, these reforms have not escaped critique. Establishing new water users’ institutions,
rather than using existing local institutions, can threaten equity: new institutions may represent only
landowner farmers, often privileging high-status men, when ‘irrigation is an issue which concerns not
only landowners but everyone else as well’, including through impacts on domestic users and women
who may not be perceived to be water users (Egypt: Barnes, 2015; India: Cullet, 2009). Sometimes,
‘participation’ may amount to simple notification of decisions or other shallow mechanisms, rather

5 For information for 101 countries on whether a country requires water users to be represented in water resource
management institutions, see https://eba.worldbank.org/en/data/exploretopics/water.
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than influence on decision-making processes (Kenya, China: Dai et al., 2017). Even in jurisdictions
that have long traditions of involving stakeholders in allocation-related processes like water planning
and permit decision-making, participation may not extend to the ready availability of court challenges
to water plans or already granted permits (Netherlands: Dai et al., 2017). The practical effectiveness
of participation provisions may also be affected by a lack of interest or awareness on the part of
stakeholders (Netherlands: Dai et al., 2017). In other regions, central agencies may be reluctant to give
up power, or state-supported decentralization may be perceived to erode local allocation traditions in
favor of new arrangements that are inadequately resourced (Middle East/North Africa region: Closas
& Villholth, 2020). Even when political trends support increased stakeholder representation, and
environmental trends lead to legal restrictions on access to water (see above Section 3.3.2), corruption,
existing power disparities, and ‘local tyrannies’ may frustrate the achievement of these aims on the
ground (Middle East/North Africa region: Andersson & Ostrom, 2008; Closas & Villholth, 2020).
Further investigation of the effects on equity of the push to decentralize institutions with power over
water allocations is warranted.

3.4 REFLECTIONS AND CONCLUSION

These developments are not uniformly present, or present to the same degree, in all jurisdictions.
Apparently similar developments may also mask surprising legal differences, like different definitions
of ‘groundwater’ (Nelson & Quevauviller, 2016). However, the generalized emergence of these
overarching categories of developments - allocation regimes that facilitate access to more water
sources, for more water users — is perhaps unsurprising against larger biophysical and socio-political
trends.

Allocation rules that broaden the water sources contemplated by allocation rules and recognize
greater complexity in physical water sources respond to increasing competition for water and water
scarcity and the need to steward it more carefully. Allocation systems are becoming more elaborate, in
line with increasing use. However, it is unclear to what extent increasingly complex allocation systems
are being introduced preventatively, ensuring that ‘the basic building blocks of a robust regime [are]
put into place at an early stage to avoid lock-in to unsustainable use and allow for adjustment at least
cost, as needed, over time’ (OECD, 2017). Future empirical research on the triggers for these legal
changes would help resolve this issue.

Allocation rules that expand the range of legitimate water uses and participants in allocation
regimes mirror the more diverse voices and values increasingly safeguarded - or at least debated -
across other areas of law. The interactions and relationship between substantively providing for new
water users/uses to improve distributional equity, and broadening procedural stakeholder involvement
processes, provide a fertile ground for further investigation.

Explicitly recognizing these trends is important for several reasons. First, it underscores that
further legal change may be needed to fully operationalize these developments. This includes better
monitoring and compliance; reliable, trusted and readily accessible information about water sources
and water allocations; and coordination between jurisdictional allocation regimes (Mechlem, 2016).
Enforcement problems associated with permit systems are noted in a wide range of jurisdictions (Kenya:
Dai et al., 2017), especially in relation to agricultural water use and use of groundwater (e.g. illegal
or unregulated wells) (e.g. southern Europe, Mexico: OECD, 2015). Similar concerns may arise about
the legal clarity and certainty of the governing water allocation legislation (Kenya: Dai et al., 2017,
New Zealand: Daya-Winterbottom, 2014; states of the western USA: Squillace, 2020). On the other
hand, some perceive that the practical difficulty of implementing a legal system of water allocations
relates to tensions with underlying views of water as a social good (Kenya: Dai et al., 2017), which
raises questions about its appropriateness in the first place. Second, recognizing these trends raises
questions about ways of more fully reflecting the values underlying them through better integrating
water law and other areas of law to which these trends speak, for example biodiversity-focused
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environmental laws, broader natural resources laws, and cultural heritage laws (Nelson, 2020; Nelson
et al., 2018). Finally, recognizing these trends facilitates the achievement of a key goal of this book:
cross-jurisdictional learning about responses to common challenges.
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ABSTRACT

This chapter reviews Indigenous water law in Canada and the United States, highlighting the protection of Indigenous
rights and their priority in law, even though the historical practice has often excluded or denied them. Through
treaties, court cases, and advancing laws respecting Mother Earth, the worldviews and values of Indigenous
relations and Buen Vivir inform and mediate water management solutions and competing claims, overexploitation,
and water conflict. New legal developments including the rights of nature, protecting them in constitutions, and
recognizing river rights in laws in Central and South America, the United States and New Zealand move law, practice
and water governance closer to a fairer and more socially just sharing of water resources between Indigenous
communities and competing water claims including irrigated agriculture. Addressing water challenges of the 21st
century will require innovative solutions and approaches to water management. Including and giving full voice to
Indigenous people and their water laws and practices is a necessity both in law and water management practice.

Keywords: Indigenous groundwater rights, Indigenous rights, Indigenous water rights, Sui Generis, United Nation
Declaration of the Rights of Indigenous Peoples

4.1 INTRODUCTION

Water has diverse sacred meanings for Indigenous peoples. Water is the artery of Mother Earth (Paul,
2020). A few examples from the language of North American Indigenous people illustrate this idea.
In Cree, ‘Nipiy’ is the word for water joining ‘n’niya’ or ‘I’ or ‘I am’, together with ‘iy’ or ‘pimatisiwin’
or ‘life’. In this way Niipiy is equivalent to ‘I am Life’ (Littlechild, 2014). For the Tlingit, water is
characterized by respect and relations of responsibility between people, and water is seen as ‘more-
than-a-human person’ (Wilson & Inkster, 2018). Indigenous water meanings are just the beginning.
The diverse Indigenous thought, practices and governance (patterns of decision making) approaches
destabilize modernism and expose colonial structures (including colonial water law constructs) and
there are benefits of recognizing multiple values in enhancing water management and governance and
ensuring just and socially accepted water allocation decisions through decolonization. Acknowledging
Indigenous water meanings and rejecting settler views of water that subsume Indigenous water laws
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within settler-colonial society allows for pluralism. In this process, water can be decolonized and the
ontological violence authorized by Eurocentric epistemologies in scholarship and everyday life can be
exposed (Wilson & Inkster, 2018).

Agriculture and Indigenous water rights have an interesting history. Colonizing practices did
not negate pre-existing Indigenous water rights. However, the state of Indigenous drinking water
across the world reflects the legacy of colonialism and the widespread and intensive development of
dryland agriculture by settlers. More recently, Indigenous laws and practices are increasingly being
acknowledged in modern treaties. Their exercise and practice are now advancing in Canada and the
United States, and elsewhere through, for instance, the rights of Mother Earth, rivers, and water.
A space exists for the emergence of Indigenous water law, rooted in treaty protection, Indigenous
sovereignty, and the United Nations Declaration of the Rights of Indigenous Peoples. This emergent
space requires nurturing and the seeds lie in Indigenous traditions and practices, and ultimately
Indigenous sovereignty.

This chapter will focus on Indigenous water law in Canada and the United States in Sections 4.2
and 4.3, but expand the discussion globally with considerations of Mother Earth in Section 4.4 and
the Rights of nature in Section 4.5 concluding with the United Nations Declaration of the Rights of
Indigenous Peoples in Section 4.6.

Asawhite settler, I write this chapter acknowledging its inherent weakness in recounting Indigenous
water law within the confines of colonial structures, rules and practices that have confined it. I will
provide an overview of Indigenous water rights (as determined by courts and written by governments)
and I will also try to reference and recognize Indigenous water scholarship that is not constricted and
confined by the former. However, a comprehensive review is beyond the scope of this chapter.

4.2 ENSURING THE PLACE OF INDIGENOUS WATER RIGHTS:
PARALLELISM AND PLURALISM

Defining Indigenous law, or Indigenous water law, is a subject of debate. For some scholars, Indigenous
law includes customary, common, statutory, and government law that specifically and only affects
Indigenous people and the relationship between Indigenous people (University of Melbourne, 2021).
For others, Indigenous law is characterized by legal pluralism which recognizes more than one legal
system in the same social field (Merry, 1988), an Indigenous legal system and a Canadian, civil or
common law, municipal, provincial or federal law system (Borrows, 2010). For Borrows et al. (2019) a
vision of Indigenous law that is braided is preferred:

The braiding of Indigenous law with international and national law is thus a unique undertaking
that helps us to reconceive the very idea of law. As suggested, Indigenous Peoples’ law questions
the claims of both international and national laws to universality and supremacy. Law can be
multidirectional in sources and applications. It might be created by clans, flow from experiences
with glaciers or rivers, or be sourced in custom and grassroots practices, as well as being created
by legislatures, courts and executive authorities.

For many Indigenous scholars, Indigenous laws move beyond pluralism to parallel expressions of
self-determination overlapping with claims often incommensurable to those of the Canadian State
(Day, 2001). In the words of James Sakej Youngblood Henderson (2002):

The task of Indigenous peoples is to encourage diversity as the prime assumption of legal
systems, and to resist any false universality, despite the consequences of existing legal theory.

In Canada, Indigenous law could be defined as ‘a source of law apart from the common and civil
legal traditions in Canada’ (White, 2021) or Indigenous people’s own legal systems. White’s (2021)
view of Indigenous law as parallel and separate is preferred by the author and recognized in Section
4.2.1. However, due to space, time, and the positionality of the author, this chapter mostly recounts
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the Indigenous law braided into the fabric of law through scholarship, court decision, and statute. But
first, inherent Indigenous water law will be outlined followed by the law of Sui Generis that allows for
the uniqueness of Indigenous rights and also builds a bridge back to Settler legal systems.

4.2.1 Inherent Indigenous water law

For Indigenous peoples, Indigenous rights, including Indigenous water rights, arise based on Indigenous
peoples’ existence as sovereign nations residing and governing throughout their territories and are
‘inherent’ rights (Phare, 2009). These laws are both given and limited by the Creator and include laws
of stewardship and reciprocity with nature that Indigenous people cannot alter or narrow, and cannot
be altered or narrowed by other humans, governments or their laws. These inherent Indigenous water
rights are separate and apart from Indigenous water rights claimed through treaty or constitutional
rights. While a discussion of these rights is beyond the scope of this chapter, these water rights are as
unique and diverse as Indigenous people and their communities, and not restricted to those recognized
by colonial governments and legal systems (Gullason, 2018).

4.2.2 Sui Generis Indigenous rights

Indigenous rights are Sui Generis, having a unique meaning reflecting the uniqueness and diversity of
Indigenous people and their laws. They exist in a unique class by themselves (Battiste & Barman, 1995).
In law generally, Sui Generis is a legal classification existing as a singularity or independent of other
categorizations. In North American law, it reflects aspects of community, both human and ecological,
interconnected human and Earth relations, and teachings of ‘Honoring Earth’. Indigenous rights are
separate and different from human rights. Unlike human ‘rights’, they are not advanced from a place of
victimhood or disadvantage that requires redress through creation of a right, but they represent long-
enduring rights that arose from the prior occupation of land by Indigenous peoples and the prior social
organization and distinctive cultures of Indigenous peoples on that land (McNeil, 2013).

Indigenous rights are recognized as far back as the Royal Proclamation of 1763, wherein King
George III received lands surrendered by France in the Treaty of Paris and specifically reserved
lands to the Indigenous people as their traditional hunting grounds in the British colonies. This
Proclamation established a nation-to-nation relationship between Indigenous people and the English
monarch (McNeil, 2013). While human rights claimants are often regarded as ‘victims’, less powerful,
downtrodden, and in need of protection (Ball, 2013), Indigenous rights holders are not.

Several features of Indigenous rights are unique and provide enhanced protection beyond notions
of human rights. The unique Crown-First Nations relationship is described as Sui Generis because it
is derived from both Indigenous and English legal regimes. It is neither exclusively public nor private,
but flows from a unique creation of legally enforceable duties of the Crown (R. v. Sioui, 1990). The
relation is between those of sovereign states and states with their own citizens (Delgamuukw v. British
Columbia, 1997). Indigenous title is a Sui Generis right arising from prior occupation of Canada
by Indigenous people. Chief Justice Lamer in Delgamuukw stated if occupation was also pursuant
to Indigenous law, there would be a second source of Indigenous title arising from the relationship
between common law and pre-existing systems of Indigenous law. He stated in his judgement, that
this title can’t be sold, conveyed to private persons or corporations or held by individual Indigenous
persons. It is held by all members of the nation and decisions are made communally. Indigenous land
cannot be used in a manner irreconcilable with the nature of the attachment to the land forming the
basis of the group’s claim of Indigenous title. Indigenous land rights are tied to a unique common
interest, fiercely different from private property and its assumed individuality of decision making. It is
this legal protection that allows for the Indigenous tradition of honoring Mother Earth.

Human rights are often regarded by Indigenous scholars as assimilative and contrary to the diverse
Indigenous people and their rights (Howard-Hassmann, 2014). This is because human rights arise
as a construct of Euro-centric structures. Their very conception, their structures of recognition and
protection, occur within institutions and cultural practices of European origin. Universal human
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rights are regarded as ‘totalizing’ rights, erasing Indigenous cultural differences, and thus may imply
assimilation. Far different from Indigenous collectivities, human rights, including water rights,
assimilate rights into liberal, individualist society destroying the collectivity and instead promoting
the interests of capital, private property, and individuality (Ball, 2013). This construction of rights is
in juxtaposition to the Sui Generis nature of Indigenous rights and the Indigenous view of honoring
Mother Earth.

The flexibility and evolving nature of Sui Generis Indigenous rights act as an interdisciplinary and
intercultural legal bridge. As an example, in interpreting Indigenous rights to fish for food, the court
in the Supreme Court of Canada’s Van der Peet case recognized the contemporary Indigenous legal
understanding of the right to fish for food, as well as social and ceremonial purposes connected to
cultural and physical survival exercised in a contemporary manner. The decision to recognize these
rights protects an allocation of water to preserve their practice. The very act of defining Indigenous
rights requires a ‘form of inter-societal law that evolved from long-standing practices linking the
various communities’ (Borrows, 1997). Borrows (1997) state:

Therefore, a true sui generis conception of Indigenous rights will respect the existence within
Canada of two vastly different legal cultures, European and Indigenous, and will incorporate
both legal perspectives. A sui generis approach will place ‘equal weight’ on each perspective
and thus achieve a true reconciliation between the cultures.

4.3 INDIGENOUS WATER LAW IN CANADA AND THE UNITED STATES

After outlining the inherent Indigenous water rights (4.3.1), this section describes Indigenous water
rights on reserve (4.3.2), Indigenous water rights by treaty (4.3.3), and Indigenous groundwater
rights (4.3.4).

4.3.1 Indigenous water rights

Aboriginal water rights have been established in many court cases. In Canada, the Van der Peet
case found the right to use the land and adjacent waters for traditional sustenance purposes to be a
fundamental right. Even though there was no counterpart in the English law, Canadian courts have
recognized Indigenous rights. In law, existing Indigenous laws and customs and their corresponding
interests in the land and waters required for their practice must be regarded as continuing, in the
absence of extinguishment. Phare (2009) argues that Indigenous water rights exist if First Nations
used water for domestic purposes, used the river for food supply, recreational activities, waterways
for travel, trade or meetings, conducted ceremonies in the water, and had practices dictated by
the significance of water for their culture. Indigenous fishing and harvesting rights protect rights
reasonably incidental to the activities, including preserving water quality and quantity, habitat
protection, and watershed management for protection of hunting and trapping grounds, harvesting
and gathering grounds, and transportation on waterways. Also protected are uses of water
reasonably incidental to fulfilling purposes of treaty or the economic stability of Indigenous people
including water for manufacturing, irrigation, or the production and sale of electricity (Phare,
2009). Indigenous rights to water stem from the use and occupation of land since time immemorial
(Laidlaw & Passelac-Ross, 2010). As with other Indigenous rights, these rights are not frozen in time,
but are interpreted flexibly in order to permit their evolution over time and their meaningful exercise
(Mitchell, 2001).

In South America, there are similar struggles for the recognition of Indigenous water rights.
Water legislation was introduced for general purposes (in the 1970s in Ecuador, Peru, Chile, Bolivia)
and resulted in ancient irrigation systems co-existing with more recent community or state water
management initiatives. Protests and struggles for recognition have only been partially successful in
preserving Indigenous pre-existing rights (de Vos et al., 2006).
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4.3.2 Indigenous water rights on reserve

In the United States, Indigenous people have an implied reservation of the water associated with
their lands. These rights pre-date all other water claims; they take precedence being first in time,
and therefore first in right (Winters v. United States). Treaties only confirm these rights and are not
a source of these rights. The Winters case has been applied in Canada by the Privy Council in the
case of Burrard Power as well as in policy documents that recognized the rights of Indians to ‘Take
for domestic, agricultural purposes all such water as may be necessary, both now and in the future’
(Williams, 1920).

One illustrative example is the Secwepemc people on the Kamloops and Neskonlith reserves
who developed irrigated agriculture successfully while competing with nearby settlers for control of
water and supporting their traditional livelihoods (Matsui, 2005). Although the Reserve Commission
and previous water officials specifically recognized the ‘rights of the Indians as the oldest owners
and occupiers of the soil to all the water which they require or may require for irrigation and other
purposes,’ provincial and federal government jurisdictional conflicts prevented the timely recording
of these rights on the province’s water registry. As the province’s water registry worked on the basis of
a first in time, first in right system, the late registration disadvantaged the Secwepemc people’s water
claim. The British Columbia Court of Appeal refused to recognize this claim in 1921; to this day, the
Secwepemc people continue to assert their claim to the ownership of the creek and its water as an
inherent Indigenous water claim (see 4.3.1) (Matsui, 2005).

4.3.3 Indigenous water rights and treaties

Canadian treaties did not specifically extinguish Indigenous water rights. Inherent Indigenous rights
find their source in the Creator’s laws and responsibilities and cannot be narrowed by other humans
or governments (including their laws) and cannot be shed by Indigenous people; recognition by
colonial legal systems and governments does not negate or restrict inherent Indigenous rights (Phare,
2009). When the Federal government transferred jurisdiction over water and natural resources to
the Prairie provinces in the 1930s, no acknowledgment of or engagement with Indigenous people
was made. As a result, some scholars argue that the transfer did not include Indigenous water rights
(Phare, 2009) and that Indigenous people might be able to restrict public access to waters (Bartlett,
1986, in respect of Treaty #3). This may include restrictions on non-Indigenous fishing and hunting
of waterfowl, public access to headwaters, limits on or removal of manufacturing and industrial uses,
mining, hydroelectricity and building of dams. In British Columbia, Indigenous water rights were
specifically recognized in the Indian Water Claims Act of 1921, which recognized that water went
with land when reserves were created.

Indigenous rights were further recognized in law by the Supreme Court of Canada in 1972, and
received constitutional protection through the Constitution Act of 1982. Nevertheless, some modern
treaties acknowledge provincial water law as binding on Indigenous First Nation signatories. For
example, the Maa-Nulth First Nation Final Agreement provides that the storage, diversion, extraction
or use of water and groundwater will be in accordance with provincial and federal law (INAC, 2021).
Furthermore, Indigenous water rights and fishery claims in Canada are not always successful. The
issue of whether water is included in an Indian reserve is determined based on the reserve’s specific
provisions and facts surrounding its creation (Saanchton Marina). For example, a detailed review of
historical facts and the parties’ intention was undertaken in R. v. Lewis where it was determined the
Squamish River was not part of an adjacent reserve, nor did the Bands receive an exclusive fishery.
Many other court decisions concern only Indigenous land or fishing rights, and do not necessarily
consider water and inherent Indigenous rights holistically (Matsui, 2005).

4.3.4 Indigenous groundwater rights
Indigenous people have succeeded in claiming rights to groundwater. In the United States, the
Winters doctrine (the presumption that when Congress served land for an Indian reservation, the
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water sufficient to fulfill the purpose of the reservation was also reserved) has been extended both in
relation to the quantity of water required on reserve and to groundwater. Even so, often the question
of water quantity has not been definitively determined. However, in Arizona vs. California, a standard
known as ‘practicably irrigable acreage’ was adopted measuring a reservation’s water requirement in
terms of the maximum reasonable land area within the reservation. The Winters doctrine has also
been applied to groundwater in the U.S. Court of Appeals for the Ninth Circuit decision of Caliente v.
Coachella Valley Water District ef al. The court ruled that the fact the Tribe had not historically used
groundwater was irrelevant and did not affect the seniority of the Tribe’s groundwater rights which
preempted water rights granted by the state.

In Halalt First Nation v. British Columbia (Environment), the British Columbia Supreme Court
held that the Halalt had not been adequately consulted when several wells were approved. The Halalt
had ‘an arguable case that the groundwater in the Aquifer was conveyed to the federal Crown in
order to fulfil the objects for which the reserve lands were set aside’ and that the Province could not
purport to expropriate the groundwater. Although the Court of Appeal set the decision aside based
on a finding that there had been adequate consultation, this groundwater finding arguably remains
binding law (Gullason, 2018). Gullason (2018) argues that British Columbia’s recent Groundwater
legislation continues the status quo of ignoring Indigenous water rights and continues to allocate
groundwater licenses which will infringe both inherent Indigenous water rights and constitutionally
protected Indigenous and treaty rights.

A similar situation exists in Alberta where Indigenous people claim water on reserves, for which
interests had not been registered in the provincial water laws starting in 1894. Again, by failure
to provincially document the rights, there is a risk of not considering them in allocation decisions.
Indigenous reserves and their lands have always been under federal Canadian jurisdiction and argue
the province has no jurisdiction over their lands and water (Statt, 2003).

4.4 MOTHER EARTH, RELATIONS, AND BUEN VIVIR

The primordial relation of Indigenous people is with Mother Earth. The Assembly of First Nations
expression of Indigenous laws and practices considers the Earth and our relations to it and describes
it as ‘Honoring Earth’ (AFN, 2020):

From the realms of the human world, the sky dwellers, the water beings, forest creatures and all
other forms of life, the beautiful Mother Earth gives birth to, nurtures and sustains all life. Mother
Earth provides us with our food and clean water sources. She bestows us with materials for our
homes, clothes and tools. She provides all life with raw materials for our industry, ingenuity and
progress. She is the basis of who we are as ‘real human beings’ that include our languages, our
cultures, our knowledge and wisdom to know how to conduct ourselves in a good way. If we listen
from the place of connection to the Spirit That Lives in All Things, Mother Earth teaches what we
need to know to take care of her and all her children. All are provided by our mother, the Earth.

Sustainable strategies held by Indigenous communities are part of this worldview that identifies
problems and determines pro-social solutions to collective action problems (for an example of this
in respect to Indigenous communities, hunter gathering lifestyles, sharing (reciprocated and non-
reciprocated) and food security, see Ziker et al., 2016). It is not that Indigenous people have all
the solutions for environmental problems of the 21st century, it is that their Indigenous knowledge
allows them to envision the common resource of our world, the ‘Mother Earth’ and provide teachings
and learning on how to share the Mother Earth sustainably. Indigenous knowledge offers what, in
the words of Elinor Ostrom, are behavioral approaches to collective action problems that entail
understanding ‘the effects of structural variables on the likelihood of organizing for successful modes
of collective action’ (Ostrom, 2010). Indigenous legal traditions are not trite or easy, but complex,
based on legal traditions that include intentional and deliberative collective processes to change law



Indigenous water and Mother Earth 43

over time, transform implicit law into explicit law, and create legal precedent and a formal memory
archive (Napoleon, 2009).

In Maori philosophy, kau is one of the basic concepts: ‘the wind of life that activates human and
non-human networks alike animated by reciprocal exchanges’ (Salmond, 2017). Reciprocal exchanges
are not material exchanges of commodities but are empirically construed entirely on observation.
The intermingling starts with the Maori greeting by touching noses, includes intermingling of breath,
could include familial trees, but more often starts with recitation of names of main mountains or
rivers in their home territory, binding people together (ibid.). Reciprocal gifting obligates the recipient
to participate in the reciprocal infrastructure that the gift itself sets up, which does not just include
human relations but structures the world and is underpinned by a debt that can never be repaid; it is
that of giving life. In the Maori tradition, belonging to particular lands is not about who one is, but
about what one does (Salmond, 2017).

Indigenous people do not have all the answers. As John Borrows notes, trying to understand all our
environmental troubles through Indigenous knowledge can potentially compound our confusion as
what was successful in one time and place may not be translated appropriately to other settings. ‘Self-
interest and cultural blindness to the potential dangers of one’s own group’s practices can be found
everywhere; and a healthy degree of scepticism should also accompany any groups claim to a better path
of environmental preservation’ (Borrows, 1997). But Indigenous contributions are not just evidence of
better practices; to be fully appreciated, institutional change is needed. In 1997, John Borrows pointed
out that for transformational change, there must be change in people and ideas, the ground upon which
decisions are made, and the integral application of Indigenous legal knowledge in decision making.

In Latin America, traditional Indigenous worldviews have merged with critiques of capitalism
and the modernist world order to create the idea of Buen Vivir. This idea represents a civilizatory
transformative proposal to build a new world that addresses colonial and capitalist structures
(Gudynas, 2011). Buen Vivir represents a collective construction that prioritizes ecological and
community co-existence required to meet the demands of society and not those of capital (Acosta,
2018). While the idea of Buen Vivir has been incorporated into many Latin American legal systems,
it has had ambiguous and contradictory results. Many such initiatives were undermined by expanded
exportation of natural resources, hydroelectric power development, oil pipelines and an exclusion of
Indigenous people (Sieder & Barrera Vivero, 2017). However, Latin American scholars continue to
breathe new life into the idea, imagining economies of degrowth where traditional Andean knowledge
based on reciprocal help and collective work can flourish (Acosta, 2018). From this tradition, and
Indigenous traditions, the rights of nature have evolved.

The implications are firstly that recognizing these philosophies and traditions is essential for
pluralistic water management; by embracing these values and traditions, decisions of allocation and
sharing in the context of conflicting claims can be mediated and resolved by all parties focusing
holistically on Mother Earth, relations, and Buen Vivir. The exact nature of future water management
decisions cannot be predicted, but collective discussion and action, taking into account the local
context of resources and practices, can allow for appropriate and socially just sharing.

4.5 RIGHTS OF NATURE

Important developments of the rights of nature in law have, in some instances, successfully addressed
the overexploitation of water resources and moved law, practice and water governance closer to a fairer
and more socially just sharing of water resources between Indigenous communities and competing
water claims including irrigated agriculture.

4.5.1 Constitutional protection for Mother Earth
In 2008, Ecuador became the first country to recognize the legal rights of nature in its constitution.
Article 71 of the Constitution of Ecuador recognizes the right of nature to exist. Bolivia followed suit
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in 2010, recognizing the Rights of Mother Earth and her constituent life systems, including human
communities (Riihs & Jones, 2016; Law 071 of the Plurinational Bolivian State). Rights include those of
life, diversity of life (for the variety of beings that comprise Mother Earth), water, clean air, restoration
and to live free from contamination (with regard to toxic and radioactive waste). Based on these
precedents, the Paris Accord established the International Rights of Nature Tribunal (UN, 2016).

The Ecuador constitution was successfully applied in the Wheeler case (2011), granting an injunction
to protect a river and finding the provincial government liable for damages resulting from a project
widening a highway and depositing debris in the nearby Rio Vilcabamba. The debris had narrowed
the river, increased its speed and caused erosion and flooding. Article 71 was specifically cited and
the generational injuries to Nature were outlined, including their magnitude and repercussions to
current and future generations. The court decision quotes Alberto Acosta, President of the National
Constituent Assembly and his statement that human beings must not bring about the extinction of
other species or destroy the functioning of natural ecosystems.

The inclusion of Mother Earth and the environment into law has also expanded law’s environmental
methodology (Ebbesson, 2003). Prior to colonization, in New Zealand the Maori people communally
owned and managed all of the land and water according to traditional laws and customs governing
resource sharing and use. Because of British riparian laws precluding ownership of water, Indigenous
claims focused on land underneath water. However, Maori water relationships have been accounted
for as part of the planning processes in Resource Management Acts with environmental and cultural
value protection that must be taken into account in decision making. In New Zealand, the Environment
Act of 1986 establishes an Environment Commissioner, tasked with maintaining and improving the
quality of the environment through review of the government. The commissioner is tasked with the
maintenance and restoration of ecosystems of importance, especially those supporting habitats of rare,
threatened, or endangered species of flora or fauna. This is an important movement from utilitarian
and imperial legal modes towards an appreciation of the rights of everything that constitutes the
earth, decolonization and pluralism (Charpleix, 2018).

4.5.2 River rights

Recognition of rivers as legal entities with rights is increasingly being recognized through a mixture of
court decisions and statutory enactment. The High Courtin the State of Uttarakhand, India determined
in the Salim case (2017) that the Ganges and Yamuna rivers were juristic persons that therefore
required extraordinary measures in order to protect their health and wellbeing as communities from
mountains to the sea. Some of the reasoning of the court included the religiously significant aspect of
the rivers and the important spiritual and physical functions these rivers represented for Hindus. As
a juristic person, the rivers hold rights and obligations and having representative standing, the rivers
act through an intermediary, an interstate agency of appointed representatives.

New Zealand became the first country to grant a specific river legal rights in 2017, passing the Te
Awa Tupua (Whanganui River Claims Settlement) Act. Maori water conceptualizations have been
affected by creation of legal status including the example of the Te Awa Tupua or the Whanganui River
that flows from the foothills of Mt Tongariro through the remote wild King Country and Whanganui
region out to the ocean at the city of Whanganui. The Environmental Tribunal found the river —
defined as a water resource or a single and indivisible entity comprised of water, banks and bed - to
be a single, indivisible and living whole incorporating all its physical and metaphysical elements. This
finding rendered the parties in a stalemate in water management and ultimately the dispute settled
in 2017 with the river being recognized as a legal person, Te Awa Tupua (Whanganui River Claims
Settlement) Act 2017 (Te Awa Tupua Act).

Toledo, Ohio is one of several U.S. communities to pass laws recognizing the rights of nature. Its
Lake Erie Bill of Rights protects the lake’s shores. Concern has been raised from farmers and river
communities about the law adversely affecting their livelihoods and possible liability for their actions
(Westermann, 2019). Bangladesh has also granted its rivers status as living entities to protect them
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from further pollution. A government-appointed National River Conservation Commission has been
established which can charge people harming the river in the same fashion as if they harmed our
mother (Turag River Case 2016).

In the Atrato River case in Colombia (2017), a grassroots movement, accion de tutela, sought an
injunction to halt illegal mining and logging activities dumping harmful chemicals into the river. The
court allowed the action based on its interpretation of biocultural rights in the Colombian constitution
that represent a unity between nature and humans that respects the role of Indigenous relationships
with non-human natural entities that foster biodiversity. International legal instruments incorporated
into Colombian law, including the Convention on Biological Diversity, the UN Declaration of the
Rights of Indigenous Peoples (UNDRIP) were also cited. The court specifically determined that
nature is a subject of rights.

Glaciers, or headwaters of rivers, have also received protection in the Miglani case (2017). The
High Court of Uttarakhand, India recognized the right of glaciers not to be polluted and the right to
exist and persist as their own vital ecologic system, their own legal entity as a juristic, moral person.
The High Court issued an order recognizing the right to clean water. Kauffman and Martin (2016)
conducted a comprehensive review of Rights of Nature Cases and interviewed lawyers and judges
involved. Their conclusions are that these cases are increasingly successful partly due to the issue’s
politicization and civil society’s efforts to advance these cases. As a result, laws such as Ecuador’s,
that might be perceived as ‘weak’ by some, do matter. These cases enhance the protection of rivers
and water but are not without problems. Interjurisdictional issues still exist with interprovincial and
international boundaries that give rise to enforcement issues; protection also raises issues of liability
and ultimately responsibility. Court cases are expensive, take considerable time, and sometimes
their results are orders that are largely ineffectual at being enforced. Often the most difficult issue is
changing the worldview of the non-Indigenous population (Westermann, 2019). Court cases structure
guardianship differently, some drawing from New Zealand’s model; court designated guardians may
or may not rise to their appointment. Operationalizing river protection may be subject to further
legislation and court orders (Kauffman & Martin, 2019).

4.6 UNITED NATIONS DECLARATION OF THE RIGHTS OF INDIGENOUS PEOPLES

Addressing water challenges of the 21st century will require innovative solutions and approaches
to water management. Including and giving full voice to Indigenous water laws and practices is a
necessity both in law and water management practice. This chapter has reviewed Indigenous water
law in Canada and the United States as well as considering Mother Earth, worldviews and values of
Indigenous relations, and Buen Vivir that can inform and mediate water management solutions and
competing claims, overexploitation, and water conflict. New legal developments including the rights
of nature, protecting these rights in constitutions, and recognizing river rights in laws in Central and
South America, the United States and New Zealand also moves law, practice and water governance
closer to a fairer and more socially just sharing of water resources between Indigenous communities
and competing water claims including irrigated agriculture.

The United Nations Declaration of the Rights of Indigenous Peoples (UNDRIP) advances
international Indigenous law and rights. UNDRIP recognizes Indigenous sovereignty and, at the
same time, augments the legal status of Mother Earth and Water, the lifeblood of the Earth (AFN,
2021). Duties of ‘consultation’ are raised to requirements of ‘consent’, introducing the Right to Free,
Prior and Informed Consent (FPIC) for Indigenous Peoples. Article 32.1 provides that FPIC is to be
obtained prior to the approval of any project affecting Indigenous lands or territories in connection
with the development, utilization or exploitation of mineral, water or other resources (Boutillier,
2017). UNDRIP moves beyond the conception of the State granting and distributing rights to people
in a Rawlsian distributivist conception of justice (with the state as arbitrator of conflict and protector
of individual rights) and embraces recognition justice (Rawls, 1971). Recognition is key in engaging
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with the ‘other’ when two groups have fundamentally different ontological positions, aims and goals.
Recognition in accordance with Indigenous law does not aim to overcome each other’s position, but
to achieve recognition of and respect for difference, leading to more meaningful engagement and
justice (Maciel, 2014), applying the Sui Generis principles of Indigenous sovereignty. In the words of
the Canadian Assembly of First Nations (AFN, 2021):

The Creator placed us on this earth, each on our own sacred lands, to care for the earth,
environment and humankind. We stand united to follow and implement our knowledge, laws
and self-determination to preserve and protect life’s most sacred gift — water.
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ABSTRACT

Over the past 30 years, much has been learned from strategies used around the world to establish and implement
environmental flow programs. Approaches vary from highly prescriptive regulatory requirements to largely voluntary
programs. These examples have shown that allocating water to the environment does not necessarily constrain
human uses and can have benefits for both agriculture and ecosystems. Some efforts attempt to reduce conflict
between agriculture and the environment by limiting water allocations spatially, while others attempt to reconcile
competing water demands through comprehensive, regional allocation schemes that vary with climate conditions
over time. Here we summarize strategies for water allocation planning and implementation that can be used to
balance environmental and agricultural water needs. Effective strategies incorporate: a holistic environmental
water allocation approach that focuses on protecting overall ecological structure and functions; environmental
flow protections at broad spatial and temporal scales; consideration of surface-ground water interactions and
the relationships between flow, sediment, temperature, and water quality. From an implementation perspective,
approaches that establish a volumetric water budget for the environment based on interannual variation in water
availability, integrate across programs in a transparent mannet, are broadly inclusive, and incorporate traditional
values and perspectives have the highest likelihood of success. Environmental flow strategies that consider technical
solutions, establish clear objectives and anticipate how environmental water will be allocated under different water
year types, and are sensitive to social issues and concerns will increase certainty in how much water is allocated for
agriculture and the environment. Beyond reconciling conflicts between competing demands, emerging technical and
institutional approaches to environmental flows can improve resiliency of water management programs to climate
change by preventing the over-exploitation of water supplies, enhancing flexibility, and providing a framework for
adaptation.

Keywords: Ecological effects, functional flows, governance, Indigenous uses, surface-groundwater connections,
water budgets
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5.1 INTRODUCTION

Conflicts between agriculture and the environment often stem from the perception that water
allocation decisions are a zero-sum game. These tensions are exacerbated by ‘one-dimensional’
approaches to environmental flows that establish minimum thresholds to meet the needs of individual
species and fail to consider the inherent ecological complexity and physical dynamism of river systems
(Grantham et al., 2020; Mount et al., 2019). Consequently, in many rivers with environmental flow
protections, populations of native fishes and other sensitive aquatic species continue to decline
(Howard et al., 2015; Mezger et al., 2019; Moyle ef al., 2011). Such approaches have generally failed to
achieve the desired goal of restoring and preserving ecosystem health while intensifying conflicts with
agricultural water allocations. This tension has negatively affected agricultural production, increased
social conflict, and inadequately served the needs of communities.

The need for environmental water allocations is based on the recognition that the ecological health
and social value of rivers can only be maintained if the quantity and timing of water flows is sufficient
to support essential ecosystem functions (Arthington ef al., 2018). New approaches also suggest that
environmental flows managed for ecosystem functions can provide greater flexibility in how water
is allocated and yield greater benefits for both the environment and agriculture (Grantham et al.,
2020; Mount et al., 2019; Yarnell et al., 2015). Protecting the flow necessary to sustain ecological
functions across seasons and variable conditions across years will in many cases leave less overall
water available for other uses, including agriculture. However, a focus on the functionality of flow
left instream ensures that available water is used more effectively. Moreover, the recovery of overall
ecosystem health should decrease the likelihood of further species decline and reduce future conflicts
between agricultural and environmental water allocations (Howard et al., 2015). Formalizing water
allocations for the environment can also reduce uncertainty about how much water will be available
for agriculture, allowing for long-term, adaptive planning that reduces conflicts.

These concepts have been used to guide water allocation schemes in different parts of the world,
including the EU Water Framework Directives, Murray-Darling Basin Plan, and Nile River E-Flows/
Lower Mara River Plan. These, and other examples, provide lessons that can be applied to better
balance water for agriculture and the environment for those seeking to develop or refine water
allocation approaches that are more predictable over time, sustainable, and resilient to climate change.

In this chapter, we discuss emerging technical and institutional advances in planning and defining
environmental flows, and we describe mechanisms for implementing environmental flow programs.
We highlight examples from ongoing efforts to balance human and ecosystem needs. Lessons learned
can guide the evolution of water allocation decision-making towards frameworks that enhance
water supply reliability for agriculture, restore ecosystem health, and offer flexibility in adapting to
uncertain future conditions. Ultimately, successful environmental flow programs will play a critical
role in ensuring the allocation of river flows is sustainably managed across variable water year types
and changing climate.

5.2 PLANNING AND DEFINING ENVIRONMENTAL FLOWS: EMERGING SCIENCE AND
RECOMMENDED APPROACHES

Satisfying environmental water needs can be challenging, especially in over-allocated systems where
natural water supplies have been fully claimed by legal entitlements. However, it is possible to provide
water in ways that improve ecological conditions while reducing potential conflicts with agriculture.
This section highlights emerging approaches to planning and defining the allocation of environmental
flows and describes how such efforts could improve ecological conditions while increasing the
certainty of when and where water will be available for irrigation. These advances include increased
focus on flows that support a broad suite of ecological functions, recognizing the connections between
surface and groundwater management, and planning in an inclusive transparent manner.



Allocations and environmental flows 51

5.2.1 Increased focus on ecological functions

Water management strategies that aim to sustain overall ecosystem health through maintenance of
ecological function (or processes) are emerging worldwide (Horne et al., 2017; Reid et al., 2019). These
approaches aim to support a broad array of habitats and species and enhance the ability of ecosystems
to adapt to changing conditions. Past environmental flow practices have focused on single iconic or
endangered species protection, key high value sites, and/or concepts such as a minimum baseflow.
These simplistic standards allocate fixed volumes of water and are typically expressed as a monthly
or seasonal minimum flow threshold, above which water can be diverted or stored. However, there is
evidence