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ABSTRACT: Economic instruments are widely used in environmental policy; however, their application
in water governance often lacks contextual clarity. This paper presents an integrated taxonomy of economic
instruments for sustainable water management and proposes a complementary, trajectory-based framework
for assessing time-dependent performance. Interventions are characterised by implementation profile (sin-
gle, discontinuous, or continuous) and by response type (static or dynamic, with reinforcing or eroding ef-
fects). Combining these dimensions clarifies how behavioural and institutional adjustment shapes outcomes
over time, supporting the design and evaluation of robust, adaptable, and context-sensitive instruments for
long-term water sustainability.

Taxonomia de los instrumentos econémicos de politica hidrica y sus efectos dinamicos
para una gestion sostenible del agua

RESUMEN: Los instrumentos econémicos se utilizan ampliamente en la politica ambiental, pero su
aplicacion en la gobernanza del agua a menudo carece de claridad contextual. Este articulo desarrolla una
taxonomia integrada de instrumentos econdmicos para la gestion sostenible del agua y propone un marco
para evaluar el desempefio temporal. Las intervenciones se caracterizan por el tipo de implementacion
(Gnica, discontinua o continua) y el tipo de respuesta (estatica o dinamica, con efectos reforzadores o
erosivos). Esta combinacion clarifica como los ajustes conductuales e institucionales condicionan los
resultados, apoyando el disefo y la evaluacion de instrumentos robustos y adaptables.
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1. Introduction

The increasing global demand for water resources, driven by population growth
and expanding economic activities such as agriculture, energy production, and
industrial processes, is placing unprecedented pressure on the world’s limited water
supplies (Strong et al., 2020). At the same time, climate change and environmental
constraints are projected to reduce water availability, intensifying competition for
water and exacerbating imbalances between supply and demand (Intergovernmental
Panel on Climate Change, 2023). In light of these developments, the effective
management of water scarcity has become a crucial priority, not only to preserve the
ecological health of water bodies but also to achieve broader environmental and socio-
economic objectives, as set out in strategies such as those of the European Union
(European Commission, 2024). Addressing these challenges requires instruments
capable of operating across sectors and scales, while coping with uncertainty,
user heterogeneity, and evolving constraints. Consequently, water governance
increasingly relies on policy mixes that combine technical, legal, regulatory, and
economic instruments (EIs) (Hernandez-Pacheco Algaba ef al., 2024).

Els have been central to water policy since the adoption of the Water Framework
Directive (Dir. 2000/60/EC) and have attracted growing attention as a promising
approach for addressing water scarcity by aligning individual decisions with
collectively agreed objectives (Lago et al., 2015; Rey et al., 2018). More specifically,
they aim to steer behaviour towards public goals such as ensuring reliable water
quantity and quality and mitigating water-related risks. This is achieved by
creating incentives or disincentives for particular actions (such as consumption or
pollution), while allowing users to choose how to respond to these mechanisms.
Their implementation rests on three core ideas: incentives, motivation, and voluntary
choice (Lago et al., 2015). This flexibility is often presented as a key advantage in
water governance, where uniform rules may be ill-suited to heterogeneous users
and where the ability to accommodate local conditions is important for both the
effectiveness and political feasibility of such goals.

EI performance, however, is strongly contingent on its design and implementation,
including equity impacts and ecological constraints (Organisation for Economic
Co-operation and Development, 2015). A central implication is that ‘what works’
cannot be inferred from the instrument label alone: the same instrument category
may perform very differently depending on the context, administrative capacity,
and users’ behavioural responses (Organisation for Economic Co-operation and
Development, 2015; Rey ef al., 2018). In practice, this means that Els can generate
trade-offs: instruments designed to improve efficiency may raise equity concerns;
measures that create stronger water conservation incentives at farm or household
level may not translate into basin-level water savings if broader allocation rules and
hydrological feedbacks are not accounted for; and instruments that appear technically
sound may face limited acceptance or weak compliance if perceived as unfair or
poorly aligned with local constraints (Organisation for Economic Co-operation and
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Development, 2015). These implementation realities underscore the importance
of analytical frameworks that can support design choices, clarify assumptions and
improve comparability across contexts.

A further, often under-specified challenge is that EI impacts are frequently time-
dependent. Responses can vary over the short and long term as users gradually adjust
practices and technologies, learn about the instrument, and adapt their behaviour.
Empirical evidence shows that these adjustments can produce dynamic effects that
either enhance or weaken performance over time —for example, through rebound
dynamics, substitution across sources, or diminishing marginal responses as users
exhaust low-cost adaptation options (Scheierling et al., 2006; Huffaker, 2008;
Adamson & Loch, 2014; Perry & Steduto, 2017; Liu et al., 2019). More broadly,
socio-political responses and compliance dynamics can shift as stakeholders adjust
their expectations, governance capacity evolves, or policy mixes change, thereby
affecting both the instrument durability and outcome (Muradian et al., 2013). In this
context, an EI’s temporal profile is not a secondary feature but a core design feature:
whether an instrument is conceived as a single intervention, a periodic adjustment, or
a continuous mechanism can affect the nature of adaptation processes and the long-
term policy trajectory.

Against this background, the objective of this paper is twofold. First, it develops and
presents an integrated taxonomy that provides a consistent classification of economic
instruments, facilitating comparability across contexts and clarifying what instrument
labels capture. The taxonomy serves as a practical reference for organising the
diversity of economic instruments used in water governance. Second, it proposes a
conceptual framework to examine how the impacts of economic instruments may
evolve over time.

The novelty lies in incorporating a temporal dimension into the analysis by
distinguishing interventions according to their temporal design and the nature
of responses over time. The temporal dimension is operationalised through
two classification axes. First, interventions are distinguished by their temporal
implementation type: single measures applied at a specific point in time,
discontinuous measures applied intermittently, and continuous measures maintained
over time. Second, interventions are distinguished by the nature of the response:
a static response denotes effects that do not generate material spillover effects or
subsequent responses beyond the initial change. This allows us to assess whether
their effectiveness is likely to persist or decline as behavioural, institutional, or
socio-political adaptations alter the initial effects, either by reinforcing (positive
dynamics) or eroding them (negative dynamics). Together, these dimensions
provide a parsimonious framework for describing policy trajectories and long-term
performance, rather than focusing solely on short-term outcomes.

The proposed taxonomy, together with the temporal framework, is intended as a
practical analytical tool. It is designed to help policymakers, river basin and irrigation
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authorities, and water-sector analysts compare instruments beyond their labels,
anticipate whether effectiveness is likely to be robust or to erode through adaptation,
and identify when complementary measures or iterative adjustments may be required.
For researchers, it provides a structured basis for synthesising evidence across cases
and for framing empirical evaluations in a way that distinguishes short-run effects
from longer-term trajectories.

The following section reviews the role of taxonomies in the study of economic
instruments and presents a detailed analysis and classification of economic
instruments. Section 3 introduces the concept of dynamic effects as a key factor
influencing the effectiveness of economic instruments. Finally, section 4 discusses
the findings, while section 5 concludes.

2. An integrated taxonomy of economic instruments in water policy

Economic instruments have become central to water policy as mechanisms
that guide behaviour through pricing, incentives, or financial transfers, rather than
through prescriptive regulations (Delacamara et al., 2014; Hadjigeorgalis, 2009;
Lago et al., 2015; Montilla-Lopez et al., 2016). The role of these instruments has
expanded as traditional allocation systems, rooted in basic water pricing and cost-
recovery models, have struggled to address increasing water scarcity and evolving
environmental pressures (Leflaive, 2024; Berbel & Expdsito, 2020). A substantial
body of literature has examined water pricing, markets, regulatory frameworks, and
demand-management tools across diverse contexts, providing extensive evidence of
their potential to improve efficiency, support conservation, and promote sustainable
resource use.

Among these instruments, taxonomies provide structured frameworks for organising
complex domains, thus supporting systematic comparison and cumulative learning
(Nickerson et al., 2013). In policy settings, taxonomies can improve transparency
in instrument choice by clarifying how different tools operate, the assumptions
underlying them, and how they are interrelated. In economics and public policy,
taxonomic approaches are widely used to reduce conceptual ambiguity, improve
communication among stakeholders, and enable more coherent synthesis of evidence
across a diversity of cases.

In environmental policy, numerous classification efforts, such as OECD taxonomies
(Organisation for Economic Co-operation and Development, 2009) and studies
comparing regulatory, price-based, and market-based mechanisms, highlight the
importance of structured frameworks for understanding how policy instruments
operate and supporting evidence-based decision-making (Crespi et al., 2015; Duval,
2008; Goulder & Parry, 2008; Pacheco-Vega, 2020; Intergovernmental Panel on
Climate Change, 2015; Pannell, 2008; Whitten et al., 2003; Revesz & Stavins, 2004).
While the literature is extensive, the classification of Els specifically applied to water
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remains more fragmented, spanning pricing reforms, cost-recovery mechanisms,
tradable permits, agricultural subsidies, payments for ecosystem services, and
instruments to reduce market frictions (Expdsito & Berbel, 2024). Divergent
definitions of what constitutes an EI add further complexity, particularly regarding
hybrid or novel approaches.

This paper provides a unified taxonomy of water-related Els designed to clarify
their mechanisms, support comparisons across instruments, and guide the selection
of appropriate tools under different policy circumstances. The adoption of a broad
definition of Els (Lago et al., 2015; Gomez Gomez et al., 2018; Rey et al., 2018)
improves communication and engagement among policymakers, stakeholders, and
the general public by providing a structured, accessible framework for discussing
Els. This allows us to capture both well-established mechanisms and innovative or
hybrid tools increasingly used in practice.

The taxonomy was developed through a structured, two-step procedure. First, a panel
of specialists from the GOVAQUA project (Governance innovations for a transition
to sustainable and equitable water use in Europe)' jointly identified a broad set
of economic instruments considered relevant to current policy and management
contexts. The panel comprises approximately 45 senior researchers and practitioners
with expertise in water governance, environmental and resource economics,
and hydrology, drawn from a diverse range of European institutions, including
universities, public research agencies, environmental organisations, and water
management bodies. This collaborative process ensured that the initial list reflected
both practical relevance and the diversity of approaches used across different regions
internationally.

In a second stage, an extensive review of academic and technical literature was
undertaken to document, refine, and substantiate the instruments identified by the
panel. The review covered publications up to 2024 and drew primarily on peer-
reviewed journals indexed in Web of Science and Scopus, complemented by grey
literature including technical reports and policy documents from international
organisations (e.g., OECD, European Commission, FAO). Searches were conducted
instrument by instrument focused on empirical and conceptual studies addressing the
design, implementation, and performance of economic instruments in water policy
across diverse geographical and institutional contexts. Inclusion criteria prioritised
studies providing evidence on instrument mechanisms, behavioural responses, or
policy outcomes; purely descriptive or tangential references were excluded. No
formal systematic review protocol was applied, as the objective was to achieve
broad coverage and contextual depth rather than exhaustive quantitative synthesis.
This two-step methodology ensured that the final compilation is firmly grounded in
existing evidence while remaining attentive to emerging developments in the field.

! Grant Agreement No. 101086578. https://www.syke.fi/en/projects/govaqua
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The resulting taxonomy organises Els into coherent categories and clarifies their
functional characteristics. Table 1 summarises the taxonomy and provides references
to documented case studies and empirical applications that illustrate practical

successes, limitations, and implementation challenges across contexts.

Economic
instruments

TABLE 1

Economic instruments in water policy

Example

Price-based instruments

References

Abstraction charges

England and Wales (based on seasons)

Rey et al. (2018); Finney (2013).

Flat rate

Edwards Aquifer licensing (Texas, USA)

Molle & Closas (2020b); Finney (2013).

Volumetric rate

Emilia Romagna (Italy)

Pronti & Berbel (2023).

Tax

Danish pesticide tax

Berbel ez al. (2019a); Bocker & Finger
(2016).

Emissions charges

German effluent tax

Moller-Gulland et al. (2015).

Non-compliance fees

Compliance fees

Loch et al. (2020).

Subsidy/subsidy removal

Subsidies for water efficiency (Australia,

Subsidy for capital Spain, and USA) Berbel et al. (2019b).
Subsidy for EU-CAP ecoschemes, Environmental IIEII;SF ;aﬁigum;g:scl%?lggﬁi)én Service
exploitation/removal  Quality Incentives Program (EQIP)

(2025).

Payment for
ecosystem services

Vittel (France), New York Catskills
(USA)

Zanella et al. (2014); Perrot-Maitre
(2006).

Trading schemes

Bulletin board market (Colorado),
clearinghouse, and sealed bid double

Hadjigeorgalis (2009).

Tradable rights auctions
(water trade) Water markets: Australia, USA, and Pujol et al. (2006); Qureshi et al. (2011);
Spain Rey et al. (2016); Palomo-Hierro ef al.
Option contract: Spain, USA (2016).
California Drought Emergency Water . . .
Bank in 1991, Idaho, Montana, Colorado, Montllla-Lopez et al. (2016); Dellapenna
Water banks . (2000); Clifford et al. (2004); Megdal ez
Texas, Oregon, Washington Water Trust al. (2014)
(USA) ’ ’
. . . Pérez-Blanco & Gutiérrez-Martin (2017);
Buyback Murray-Darling Basin (Australia) Montilla-Lopez et al. (2016); Palomo-

Segura, Jucar, and Guadiana (Spain)

Hierro et al. (2016).

Credit schemes

Ohio Water Quality Trading (USA)

Tabaichount et al. (2019); Rinaudo ef al.
(2016); Kieser & McCarthy (2015).
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TABLE 1 (CONT.)

Economic instruments in water policy

Economic
q Example References
instruments
Information policies (value chain)

Product certification ~ WaterSense label (USA) US. Environmental Protection Agency

schemes Blue Angel (Germany) 5321(1)12e51:‘ngel (2025)
Green nudges Neste River basin (France) (C2}(1)albge)-Ferret et al. 2019); Lu et .

AWS International Water Stewardship
Water stewardship Standard.
certifications Sustainable Program for Irrigation and

Alliance for water stewardship (2026).

Groundwater Use (SPRING) GLOBALG.A.P (2025).
Voluntary actions
Sector agreement Data centre water usage Judge (2022).

Common property resources

OUGC, CUAS, OUGC (France), CUAS (Spain), NRD

Nebraska Nature (Nebraska) Adelman (2003); Rouillard et al. (2021).

Note: OUGC: Organisme unique de gestion collective (single collective management body); CUAS: Comunidad
de usuarios de aguas subterraneas (groundwater users’ associations); NRD: Natural Resources Districts.

Source: Own elaboration.

The following instrument descriptions are presented in a concise, taxonomy-oriented
manner focusing on defining features relevant for classification rather than providing
exhaustive reviews of design variants or empirical performance, which is beyond the
scope of this study.

2.1. Price-based instruments

Price-based economic instruments are financial mechanisms implemented
by authorities to manage and regulate water use and quality. These instruments
encourage sustainable behaviour by implementing tariffs, taxes, or charges to
promote water-use efficiency, internalise environmental and social costs, and ensure
full cost recovery for water services (Lago et al., 2015). The three major instruments
are abstraction charges, emissions charges, and non-compliance fees.

Abstraction charges are fees imposed by authorities or private suppliers for the use
of conventional or non-conventional water. They may be levied as a flat fee (e.g., per
hectare), on a volumetric basis, or as a two-part tariff combining fixed and volumetric
components. Depending on their design, these charges can reflect financial cost
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recovery and/or include elements that account for resource rents or external costs
(Finney, 2013)

Emissions charges, wastewater effluent taxes, or discharge fees are levied to
discourage pollution by charging based on pollutant volume and concentration.
Revenues are often earmarked to support investments in pollution abatement and
water-quality improvement (Moller-Gulland et al., 2015).

Non-compliance fees are penalties imposed on users who breach abstraction
or discharge requirements. They are intended to deter non-compliance and to
compensate, at least in part, for the negative impacts associated with illegal or
harmful activities (Loch et al., 2020).

2.2. Subsidy/subsidy removal

A subsidy can be understood as the implicit (or explicit) transfer created when
users pay less than the marginal cost of supply, or less than the full economic cost
where environmental costs are taken into account (Tiwari & Dinar, 2002). In water
policy, subsidies for water conservation include subsidies to capital (investment) or
to exploitation.

Subsidy removal targets situations where subsidised irrigation water prices weaken
incentives for efficient use. By increasing the effective price signal, removing
subsidies can reduce overuse and, where relevant, associated pressures on water
quality; fiscal savings may also be redirected towards investments in water-efficient
technologies (Tiwari & Dinar, 2002; European Court of Auditors, 2021).

Payments for ecosystem services (PES) are incentive-based arrangements intended
to promote ecosystem protection by compensating land or resource managers for
practices that sustain or enhance the provision of ecosystem services (Muradian et
al., 2013; Perrot-Maitre, 2006). The core rationale is that beneficiaries of ecosystem
services (e.g., downstream water users) provide compensation to those whose
management decisions influence the continued delivery of those services.

2.3. Trading schemes

Trading schemes are organised arrangements that involve the transfer of water
rights or allocations between users to improve allocative efficiency and flexibility
under changing conditions of scarcity (Pujol et al., 2006). Tradable rights (water
trading) range from relatively simple bilateral exchanges to more formal cap-and-
trade-style systems, where a cap on use is set at basin level and allocations (or
entitlements) can be transferred subject to technical and regulatory constraints
(Delacamara et al., 2014; Lago et al., 2015).
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Water banks are intermediary-based arrangements in which an administrative
agency or designated operator facilitates trading by matching buyers and sellers and
standardising transactions. Such arrangements may be operated by public or private
agencies (Montilla-Lopez et al., 2016). Water banking is used to manage supply
variability by storing water in wet periods (in aquifers or surface reservoirs) for
later recovery during periods of deficit, and is particularly common in groundwater
settings (Megdal et al., 2014).

The buyback or reacquisition of water rights involves the purchase of permanent
water rights, typically through tender processes, to reduce over-allocation and
reassign water to environmental or other priority uses. This type of trading scheme
is usually voluntary and implemented with pre-defined budget or price constraints to
manage costs (Grafton & Wheeler, 2018; Montilla-Lopez et al., 2016).

Water credits are a relatively novel approach in which users generate tradable credits
by conserving water or reducing use, which can then be sold to other users who need
additional water resources. Credits are intended to create financial incentives for
conservation actions, although implementation remains limited (Abu Madi et al.,
2008).

Finally, tradable emission permits apply a similar cap-and-trade logic to water quality
by setting a limit on total pollutant loads, allocating discharge permits, and allowing
trading among users. Under the right circumstances, these tradable permits have
the potential to deliver environmental improvements more rapidly and at a lower
cost than alternative policy instruments, generating potential efficiency gains and
strengthening incentives for innovation (Shortle, 2013). However, some studies have
critically evaluated the effectiveness of water-quality trading, highlighting challenges
and limitations in practice (Wang et al., 2024; Vangipuram et al., 2025).

2.4. Information policies (value chain)

In water governance, ‘information policies’ in value-chain contexts refer to
non-price approaches that aim to influence behaviour. These include improving
transparency, signalling performance, and shaping norms or procurement
requirements.

Product certification schemes define auditable criteria intended to promote
responsible water management (including diffuse pollution control), typically
focusing on efficiency, reuse, sustainable sourcing, and risk management. However,
water-footprint indicators can be misleading without robust contextualisation
(Fereres et al., 2017; Perry, 2014).

Green nudges are behavioural, non-price interventions implemented by an authority,
utility, or programme operator. Nudges seek to reduce water use by changing
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salience and social norms, such as social comparison, environmental education, and
other approaches (Binet ef al., 2024).

Water stewardship certifications are voluntary assurance frameworks that signal water
management practices regarded as socially equitable, environmentally sustainable,
and economically beneficial. They typically combine site-level requirements with
catchment-oriented actions and stakeholder engagement processes (Alliance for
Water Stewardship, 2023).

2.5. Voluntary actions

Voluntary actions (including voluntary agreements) are commitment-based
mechanisms in which organisations or users voluntarily adopt specified practices
or targets, rather than responding to prices or behavioural feedback. Participation is
commonly motivated by reputational considerations, buyer expectations, collective
norms, or broader self-regulatory incentives, as discussed in the literature on
voluntary environmental programmes (Heinz, 2002; Pedersen et al., 2015).

2.6. Common property resources

The conversion of privately-owned resources, such as water entitlements held
by stakeholders, into ‘common properties’ is used in some aquifers as a critical
strategy to ensure the sustainability of endangered and overexploited resources. This
approach, often referred to as ‘co-management’, involves shared responsibilities
between users and the state, which is typically represented by government agencies
(Molle & Closas, 2020a).

3. The dynamic effect of economic instruments
3.1. Static vs. dynamic responses

The concept of ‘static response’ refers to the capacity of an instrument to produce
changes without causing subsequent or spillover effects. In this context, a static
intervention, such as a buyback, can modify the allocation of water resources without
triggering additional consequences or ripple effects. This type of intervention results
in immediate, direct outcomes that do not lead to further unintended or cascading
impacts within the system. In contrast, when Els cause behavioural changes, they can
be classified as either short-term static or long-term static depending on the duration
of the response. Consistent with their temporary nature, short-term policies exert
effects over a brief period. In contrast, long-term policies produce effects that persist
beyond their implementation and can therefore be described as ‘robust’.

Conversely, dynamic interventions are characterised by unwanted effects that can
reduce the policy’s overall effectiveness and potentially cause the system to revert
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to its initial state. These unwanted effects are related to the adaptive response of the
water users. The term ‘adaptive response’ refers to the way in which these policies
influence users’ behaviour over time and can take two distinct forms:

® Positive dynamic response. This refers to a situation in which users’
behaviour aligns with the intended changes set out in the policy. In such
cases, behavioural adjustments support the intended outcomes of the
intervention, contributing positively to its overall effectiveness. These
responses not only enhance the desired outcomes but also support the
policy’s long-term sustainability.

® Negative dynamic response. This occurs when users adjust their behaviour
in ways that undermine or diminish the effectiveness of a policy. This
can occur when users alter their practices in response to an intervention
in ways that counter the intended objectives, such as by increasing water
consumption or adopting less sustainable practices. A notable example is
the ‘rebound effect’; a concept originally developed in the energy sector and
later applied to water policy, where instruments such as water conservation
subsidies can produce unintended consequences, thereby reducing the
overall impact of the policy (Berbel et al., 2018).

As regards dynamic adaptation to policy instruments, both positive and negative
responses can influence the intended policy outcomes. For instance, when the
objective is to reduce water abstraction, a continuous intervention such as water
pricing typically shows lower short-term than long-term demand elasticity
(Scheierling et al., 2006). Long-term adaptations (e.g., changes in irrigation systems
or the selection of crops with higher apparent water productivity) constitute a
‘positive dynamic response’ as they reinforce the desired policy effect. In contrast,
interventions such as water conservation subsidies aimed at improving water-
use efficiency can trigger a negative dynamic response where farmers exploit the
resulting ‘water abstraction savings’ to expand irrigated areas or intensify existing
ones as a spontaneous rational behaviour. Such unintended outcomes can be
prevented through strict and decisive policy governance.

3.2. Single, continuous, and discontinuous interventions

Another dimension for classifying interventions is to consider the duration
of implementation. There are three types of interventions: single, discontinuous,
and continuous. Single (or one-off) interventions are applied at a specific point in
time and typically address immediate or short-term issues. These interventions are
limited in scope and duration, focusing on achieving a particular objective within
a defined timeframe (i.e., a buyback). Discontinuous interventions are those that
occur intermittently or periodically, with intervals or gaps between applications.
These interventions are often designed to address recurring challenges but do not
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require constant engagement or intervention, allowing for periodic adjustments or
assessments (e.g., best-practice subsidies). Finally, continuous interventions are
those that, once applied, are sustained over a prolonged period. These interventions
are typically aimed at addressing long-term challenges (i.e., water pricing).

3.3. Classification of Els based on temporal intervention and response type

Figure 1 illustrates how different policy trajectories unfold over time depending
on the type of intervention (single in Figure la and continuous or discontinuous in
Figure 1b) and the type of response (static or dynamic). The figure displays generic
cases in which the implementation of an EI influences the indicator (initially set at
100) and how this effect evolves over time.

Figure la depicts the scenario in which no intervention is implemented (i.e., business
as usual [BAU]) alongside three types of responses. The first corresponds to a single
static intervention, resulting in a robust response that persists over time. Additionally,
the figure includes two dynamic interventions: a positive one and a negative one.
A positive dynamic intervention reinforces the initial effect over time, ultimately
exhibiting robustness in terms of its long-term persistence. In contrast, in a negative
dynamic intervention, unintended effects or secondary consequences cause the
indicator to revert to its original level over time.

Figure 1b depicts continuous and discontinuous interventions. Static continuous
interventions remain effective only while the policy is active and revert to the initial
state once discontinued. In contrast, static discontinuous interventions demonstrate
long-term robustness due to their ability to modify behaviour through intermittent
applications (e.g., green nudges). Additionally, dynamic interventions are categorised
as either negative (i.e., having a limited short-term effect that eventually dissipates)
or positive (i.e., user responses reinforce the intervention, rendering it robust over
time).

Table 2 presents examples of EI responses and intervention types. Notably, the
taxonomy excludes single, static, short-term interventions, as their nature precludes
their existence. A purely static, single intervention loses its effect the very moment
it is implemented, rendering it conceptually meaningless. Consequently, within the
category of single interventions, only two types of responses are relevant: robust
long-term responses and negative dynamic responses, in which the effect gradually
diminishes over time. Likewise, by definition, a continuous static intervention cannot
exist.
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FIGURE 1.

Types of trajectories for policy interventions

(1a) Single intervention (1b) Continuous and discontinuous interventions
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static permanent response (robust); D-Dynamic (+): Discontinuous positive dynamic long term (robust);
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Source: Own elaboration.

TABLE 2

Examples of EIs responses and intervention types

Static response Dynamic adaptation response .
. Static permanent
Intervention (short-term Negative adaptation Positive adaptation (robust)
type effect) (reduced impact) (amplified impact)
Single N/A Green nudges Buyback
Water bank
Discontinuous (leaS{ng) Sub31d1es'for water Non-compliance fees ~ Green nudges
Subsidies for conservation
exploitation
Volumetric rate** Abstraction charges
Tax Flat rate
.. Common property
l];:]rinslssmns charges resources (OUGC,
Continuous N/A Water rights trade - CUAS)
Tradable emission . .
permit Product certification
Water stewardship schemes
certifications Sector agreement

Note: **Short-term is lower than long-term elasticity of demand. PES: payments for ecosystem services;
OUGC: Organisme unique de gestion collective (single collective management body); CUAS: Comunidad de
usuarios de aguas subterraneas (groundwater users’ associations)

Source: Own elaboration.
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3.4. Examples of the dynamic effect of economic instruments

In what follows, several examples illustrate how interventions, differentiated by
their temporal scope, can elicit distinct adaptive behaviours and long-term impacts.
By analysing several examples, the study explores how users respond to interventions
over extended periods. Such long-term effects are frequently neglected in analyses
that focus solely on short-term outcomes.

Volumetric water pricing as a continuous intervention: a case of continuous positive
dynamic adaptation

Volumetric water pricing provides an illustrative example of a continuous
intervention, as volumetric charging maintains a marginal cost signal for each unit of
water consumed over time. An empirically grounded illustration is provided by the
Central Emilia Irrigation Water District (CEWD) in Emilia-Romagna, Italy, where
the introduction of volumetric charging enables an ex post assessment of farmers’
behavioural responses using observed delivery and administrative data (Pronti &
Berbel, 2023).

The wider literature indicates that irrigation water demand is often relatively
inelastic in the short run, reflecting limited scope for immediate adjustments in
crop choice or irrigation infrastructure (Scheierling et al., 2006; Molle & Berkoff,
2007). Nonetheless, short-run optimisation responses can occur under certain
conditions, including reductions in irrigation doses as marginal water prices increase
(Sapino et al., 2022). Over longer horizons, sustained exposure to marginal pricing
can lead to more substantial adjustments in management practices and, where
feasible, technological changes, thereby reinforcing the intended conservation effect
(Scheierling et al., 2006).

From a cost-structure perspective, volumetric charging shifts water from a largely
fixed-cost component to a variable input cost. This strengthens the link between water
use and production decisions and incentivises economisation where marginal returns
are lower (Zilberman & de Gorter, 1984; Scheierling et al., 2006). In the case of the
CEWD of Italy, Pronti & Berbel (2023) have reported sizeable reductions in water
use among farmers transitioning from flat-rate to volumetric charging consistent with
a positive dynamic response in which ongoing price exposure supports progressive
adjustment over time (Berbel et al., 2019b).

Capital subsidies as a discontinuous intervention: balancing immediate savings and
negative adaptive behaviours

Capital subsidies for irrigation modernisation (e.g., support for drip conversion
or conveyance upgrades) provide a typical example of a discontinuous intervention,
as they are implemented through discrete programme rounds and induce one-off
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investment decisions. Such subsidies can reduce the water applied per hectare
and are therefore often presented as ‘water saving’ in the short run (Berbel et al.,
2018). However, a substantial literature cautions that these apparent savings may
be offset over time by negative dynamic responses —including rebound and scale
effects— when efficiency improvements enable expansion, intensification, or shifts in
production that increase basin-level consumptive use (Huffaker, 2008; Adamson &
Loch, 2014; Liu et al., 2019).

A well-documented illustration is provided by Ward & Pulido-Velazquez (2008),
who examine drip-irrigation subsidy scenarios in the Upper Rio Grande Basin
using an integrated basin-scale hydroeconomic optimisation model. Their results
show that subsidies can reduce applied water while increasing total water depletion
(evapotranspiration), largely because improved application efficiency reduces
return flows and aquifer recharge that would otherwise remain available within the
system. This finding reinforces a key design implication highlighted in the broader
evidence base: capital subsidies are more likely to deliver durable water savings
when accompanied by governance arrangements that define conservation in terms
of consumptive use/depletions, constrain re-appropriation of ‘saved’ water, and are
supported by effective monitoring and enforcement (Huffaker, 2008; Ward & Pulido-
Velazquez, 2008; Berbel et al., 2015).

Buyback as a single intervention: a case of robust response and long-term water
allocation stability

Buybacks, as the permanent reacquisition of water rights, can be classified as
a single intervention at the entitlement level, since each transaction permanently
transfers rights from consumptive users to environmental holders. Although buyback
programmes are often implemented through multiple tender rounds, their defining
feature is the irreversible reallocation of rights once acquired (Grafton & Wheeler,
2018; Montilla-Lopez et al., 2016). A prominent illustration is the Restoring the
Balance programme in the Murray—Darling Basin, where the Australian Government
purchased water entitlements (and related products) from willing sellers to increase
environmental water availability and support long-term ecological objectives
(Wheeler & Cheesman, 2013; Dixon et al., 2012).

The principal strength of buyback lies in its capacity to secure enduring changes in
allocation with relatively limited ongoing administrative intervention once rights
are transferred and held for environmental purposes (Crase et al., 2012). Because
the entitlement is removed from consumptive control, environmental gains are less
exposed to behavioural ‘offsetting’ responses than instruments that operate through
management changes while leaving rights unchanged. Buyback programmes can
also contribute to price discovery in water markets, thereby informing policymakers
about the opportunity costs of reallocation (Wittwer, 2011; Wheeler & Cheesman,
2013). At the same time, concerns regarding adverse rural impacts (e.g., employment
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losses or farm exit) have been raised, although empirical evidence suggests that such
effects are not necessarily systematic or as large as sometimes claimed (Wheeler &
Cheesman, 2013).

Overall, buybacks exemplify a single intervention with robust long-term implications
for allocation, provided that the programme design (e.g., tender rules and targeting)
supports environmental effectiveness and avoids unnecessary market distortions
(Montilla-Lépez et al., 2016; Grafton & Wheeler, 2018).

Sector agreements as a continuous intervention: strengthening collective commitment
for long-term water sustainability

Sector agreements are voluntary but structured arrangements designed to foster
collective action for sustainable water management. They typically involve industry
associations, public authorities, and other stakeholders committing to agreed
objectives and measures, often as an alternative or complement to prescriptive
regulation (Heinz, 2002). Within the taxonomy adopted in this paper, sector
agreements are considered a continuous intervention, as they depend on sustained
commitments over extended periods and ongoing governance arrangements, such as
monitoring, reporting, and periodic review, to maintain performance.

In the short term, sector agreements can support relatively rapid improvements
in practice by coordinating sector-wide guidance and encouraging the adoption
of measures that reduce pressures on water resources (e.g., improved nutrient
management, reduced pollutant loads, and best practices). Illustrative evidence from
the Netherlands suggests that cooperative arrangements between farmers and water
actors have been associated with measurable progress on nitrate-related objectives
(Heinz, 2002). Similarly, in France, agreements facilitated by water agencies have
been used to encourage agricultural sectors to limit pesticide runoff into river basins,
thereby reducing treatment burdens and downstream impacts (Aubry et al., 2014).
In addition to immediate changes in practices, such agreements can also enhance
awareness and knowledge sharing within sectors, which may increase the likelihood
of sustained adoption.

Over longer horizons, sector agreements may contribute to more durable outcomes
when participants internalise agreed norms and embed them in routine operational
decisions. Heinz (2002) reported cases in Germany in which improvements
in water quality management persisted beyond the formal agreement period,
indicating the potential for longer-term stabilisation of practices under supportive
institutional conditions. At the same time, reliance on voluntary compliance
can create vulnerability to performance erosion, particularly where monitoring
is weak or incentives are insufficient. Consequently, the effectiveness of sector
agreements depends critically on transparent accountability mechanisms and periodic
renegotiation, and may be further strengthened by linking participation to credible
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economic incentives (Organisation for Economic Co-operation and Development,
2001; Marcus et al., 2024).

Green nudges (social comparison) as a single or discontinuous intervention: a case
of positive dynamic adaptation

Social comparison nudges are non-price behavioural interventions that provide
users structured feedback on their own water use relative to a reference group (or
efficiency benchmark), thereby leveraging salience and social norms to encourage
conservation (Croson & Treich, 2014; Binet et al., 2024). In the taxonomy used in
this study, nudges can be considered either single interventions or discontinuous
interventions delivered repeatedly. This distinction is important not only for the
implementation profile but also for the likely trajectory of responses.

When implemented as a single intervention, the evidence indicates that effects
are often modest or short-lived and may, in certain contexts, induce offsetting
behavioural adjustments consistent with a negative dynamic response. By contrast,
when nudges are applied consistently and reinforced over time, repeated feedback
helps maintain salience and supports learning processes, thereby increasing the
likelihood of sustained conservation behaviour and a more durable behavioural
trajectory (Binet et al., 2024; Schubert, 2017).

An empirically grounded agricultural illustration is provided by Chabé-Ferret et al.
(2019), who conducted a randomised controlled trial among irrigators in south-west
France using metered data. Treated farmers received weekly SMS messages over
four months reporting their own water consumption and the average consumption
in their watershed—an archetypal discontinuous social-comparison nudge. While
the intervention did not produce large average reductions in total water use, it did
generate measurable behavioural adjustments at the upper tail: the proportion of
farmers consuming more than 80 % of their quota fell from approximately 10 % to
3 %, indicating a shift away from extreme water use. In the same line, other studies
indicate that when consumers receive information comparing their water use to that
of more efficient peers, they tend to reduce their consumption (Ferraro et al., 2011;
Fielding et al., 2013; Schultz et al., 2016; Seyranian et al., 2015; Strong & Goemans,
2014; Brent & Wichman, 2022).

Water banks as a discontinuous intervention: a mechanism for static reallocation
without long-term adaptive effects

Water banks are classified as discontinuous interventions because they operate
through intermittent activation and discrete transaction rounds (e.g., seasonal calls,
drought programmes, or time-bounded trading windows) rather than applying a
continuous incentive signal. In the taxonomy considered here, water banks are
associated primarily with a static short-term response, since their effects arise from
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the immediate reallocation achieved through transfers (typically temporary leases
or allocations) and do not, in themselves, rely on behavioural adaptation processes
unfolding over time (Montilla-Lopez et al., 2016; Carney et al., 2021).

A well-documented example is the California Drought Emergency Water Bank of
1991, which was established as a centrally coordinated mechanism to procure and
reallocate water during severe drought. By organising purchases and subsequent
allocations through an administratively managed platform, the water bank enabled
rapid transfers across user groups (including agricultural and urban users, as well
as environmental needs), thereby providing short-term allocative flexibility without
altering underlying entitlements on a permanent basis (Lund & Israel, 1992). In
this sense, effectiveness derives from institutional intermediation by standardising
transactions, reducing search and negotiation frictions, and accelerating reallocation
under acute scarcity, rather than from inducing progressive changes in water-use
behaviour (McCann et al., 2005; Montilla-Lopez et al., 2016).

Nevertheless, the performance of water banks depends critically on enabling
governance conditions, including clearly defined rights and accounting rules,
transparent operating procedures, and sufficient administrative capacity to verify and
execute transfers (Carney et al., 2021). When these conditions are met, bank-type
platforms can also reduce information frictions and improve matching and price
discovery, thus supporting more efficient reallocation during periods when additional
flexibility is most needed (Chen et al., 2024).

4. Discussion

Many countries have reformed their water allocation systems in response to
droughts and scarcity and society’s growing environmental concerns. These reforms
aim to increase water management flexibility and efficiency as existing allocation
regimes often lack adaptability and effectiveness (Rey et al., 2018). A central
challenge for both policy design and empirical assessment is that EI performance
is often time-dependent and context-contingent, which makes comparisons across
cases difficult and contributes to inconsistent findings in the literature. The taxonomy
proposed in this paper responds to this challenge by providing an explicitly
temporal classification that distinguishes instruments by a) intervention type
(single, discontinuous, continuous) and b) response type (static short-term, dynamic
adaptation, static permanent/robust). The analytical value of this framework lies in
its capacity to organise empirical observations in terms of trajectories, rather than
treating policy effects as inherently stable once an instrument is introduced.

The examples summarised in Table 2 illustrate how the framework aids the
interpretation of heterogeneous evidence. Instruments that appear similar in
mechanism can exhibit markedly different trajectories depending on whether they
elicit adaptive responses. For instance, irrigation efficiency investments subsidised
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through discontinuous programmes may reduce water applied at the field level
but fail to generate basin-scale savings if users expand production or return flows
are reduced—effects often described as rebound or system feedbacks (Perry &
Steduto, 2017; Ward & Pulido-Velazquez, 2008; Huffaker, 2008; Adamson & Loch,
2014). Within this framework, such outcomes are understood as dynamic adaptive
responses to discontinuous interventions, rather than anomalies. Similarly, the
literature on water trading indicates that market-mediated reallocations can improve
flexibility and efficiency (Pujol et al., 2006), yet distributional outcomes and long-
term sustainability can vary across contexts (Qureshi et al., 2011). Framing these
instruments through the lens of response trajectories helps distinguish cases where
trading operates primarily as a static reallocative mechanism from those where
behavioural and institutional interactions drive dynamic outcomes.

Beyond its ex-post interpretation, the double-axis classification also offers ex-ante
design insights. By distinguishing between intervention and response types, it
helps anticipate where negative adaptation is most likely and, consequently, where
complementary measures may be needed from the outset. In this way, the framework
can inform the design of coherent policy mixes by indicating where instruments are
likely to require reinforcement to prevent erosion of effects.

The framework also helps distinguish instruments that produce enduring changes in
allocation from those that require repeated implementation to sustain their effects.
Buybacks, for example, can deliver robust outcomes at the entitlement level by
permanently reallocating rights away from consumptive use, thereby limiting the
scope for subsequent behavioural offsetting (Grafton & Wheeler, 2018). By contrast,
instruments such as green nudges may deliver stronger and more persistent effects
when implemented discontinuously, while one-off nudges may be weaker and more
heterogeneous in their trajectories (Binet et al., 2024; Chabé-Ferret et al., 2019;
Perry & Steduto, 2017).

A relevant example of a dynamic unintended consequence is the policy of subsidising
water-saving investments. If strict governance measures are not implemented, there
is a serious risk that water savings from efficiency improvements will increase
overall consumption due to the so-called ‘rebound effect’: the ‘saved’ water is
often reallocated to expand irrigated areas or to shift to more water-intensive crops.
Empirical evidence confirms this pattern (Perry & Steduto, 2017). In Europe, the
European Court of Auditors (2021) found that CAP-funded irrigation efficiency
measures frequently led to higher, rather than lower, water use. However, the
rebound effect can be mitigated through robust governance. This includes measures
such as defining water rights in terms of consumptive use to prevent appropriation of
return flows, mandating that water savings be retained for environmental or public
purposes—such as the required abstraction reductions in Spanish basins, which have
shown to be effective (Berbel et al., 2019b)—-and fostering collaborative agreements
among stakeholders, as illustrated by contrasting experiences in Kansas (Zwickle et
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al., 2021). Without such ex-ante regulatory design and ex-post monitoring, efficiency
policies risk undermining their objective of reducing abstractions.

Several limitations warrant emphasis. First, classification is inherently an abstraction.
Indeed, many instruments allow multiple design variants and may fall into different
categories depending on institutional conditions and how conservation or compliance
is defined and measured. Second, empirical identification of response type can be
sensitive to the evaluation time horizon and the availability of data that capture
longer-run adjustment processes. Third, instrument trajectories are shaped by both
their institutional setting and interactions with other measures within the broader
policy mix. The framework is intentionally parsimonious and is not intended to
represent causal interactions among instruments. Rather, it provides a structured lens
for identifying where complementary governance conditions are likely to be decisive
in determining whether the observed responses reinforce or erode the intended
effect. Finally, political and social feasibility can influence trajectories. Stakeholder
opposition and legitimacy concerns may constrain implementation even when
instruments are technically well specified, as illustrated by debates over large-scale
transfers and their associated ecological and socio-economic concerns (Medellin-
Azuara et al., 2013). These considerations underscore the fact that the temporal
framework is best understood as an analytical tool for structuring observation and
comparison, rather than as a deterministic predictor of outcomes.

5. Conclusions

This paper proposes a streamlined taxonomy of economic instruments in water
environmental policy to enhance conceptual clarity and enable more consistent
comparisons across a diverse set of instruments and contexts. Its central contribution
is the explicit incorporation of a temporal framework that distinguishes instruments by
their intervention profile and the nature of responses over time. By shifting attention
from instrument labels to trajectories, the framework provides a structured approach
to interpret why instruments that share similar mechanisms may nevertheless exhibit
markedly different long-run performance.

The temporal framework is designed to be both policy-relevant and analytical.
By making temporal profiles and response trajectories explicit, it supports more
anticipatory reasoning about instrument choice and design, including whether
effects are likely to persist, require reinforcement, or be vulnerable to erosion
through adaptive behaviour. In this way, it offers a coherent basis for discussing the
conditions under which Els contribute to sustainable water management objectives
and for structuring evaluation beyond short-run outcomes.

Overall, the taxonomy and temporal framework are intended as a practical tool to
aid communication among researchers, policymakers, and stakeholders, as well as
to strengthen the evidentiary foundation for designing and assessing Els in water
governance.
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Future research could extend the framework in three complementary directions. First,
further work is needed to more systematically examine the interplay between Els and
institutional frameworks, including how rights structures, accounting conventions,
and enforcement capacity condition response trajectories over time. Second,
additional empirical studies that evaluate real-world applications across diverse
socio-economic and hydrological settings would strengthen the external validity
and support more consistent coding of instruments into trajectory categories. Third,
integrating interdisciplinary approaches, particularly behavioural economics, system
dynamics, and participatory governance, could improve understanding of how
behavioural responses, feedbacks, and legitimacy dynamics shape long-run policy
performance and how policy mixes can be designed to foster adaptive and resilient
water management strategies.

Authorship contributions

Esther Diaz-Cano: Methodology, investigation, visualization, writing — original
draft and writing — review & editing. Julio Berbel: Conceptualization, writing —
original draft and funding acquisition. Nazaret M. Montilla-Lépez: Methodology,
investigation and writing - original draft. Carles Gutiérrez-Martin: Investigation,
supervision and funding acquisition.

Funding
This research forms part of the project Horizon-Europe “GOVAQUA” (CL6-

GOVERNANCE-01-06-10108657) and the AEI project WADECO (PID2023-
1462740B-100).

Acknowledgement
The authors gratefully acknowledge the support provided by the research groups
SEJ-592 and SEJ-649 at the Universidad de Cordoba during the development of

this research. The authors thank the anonymous reviewers of the journal for their
comments

Declaration of Conflict of Interest

The authors declare no conflict of interest

Data Availability

No datasets were generated or analyzed during the current study.



EARN 26(1) | 260107 Diaz-Cano, E., Berbel, J., Montilla-Lopez, N.M. & Gutiérrez-Martin, C.

References

Abu Madi, M., Al-Sa’ed, R., Braadbaart, O. & Alaerts, G. (2008). “Public perceptions
towards wastewater reuse in Jordan and Tunisia”. Arab Water Council Journal,
1(II), 18-32. https://doi.org/20.500.11889/4616

Adamson, D. & Loch, A. (2014). “Possible negative feedbacks from ‘gold-plating’
irrigation infrastructure”. Agricultural Water Management, 145, 134-144. https://
doi.org/10.1016/j.agwat.2013.09.022

Adelman, D.D. (2003). “A successful water conservation program in a semiarid
region of Nebraska”. Journal of the American Water Resources Association,
39(5), 1079-1092. https://doi.org/10.1111/j.1752-1688.2003.tb03694.x

Alliance for Water Stewardship. (2023). A global standard for water stewardship.
Retrieved from: Alliance for Water Stewardship. https://adws.org/

Alliance for water stewardship. (2026). AWS Standard. Retrieved from: AWS - AWS
Standard. https://a4ws.org/aws-standard/

Aubry, C., Consales, J.-N., Kebir, L. & Barraqué, B. (2014). “L’agriculture urbaine
en question: Epiphénoméne ou révolution lente? Dialogue entre Christine
Aubry et Jean-Noél Consalés”. Espaces et sociétés, 158(3), 119-131. https://doi.
org/10.3917/esp.158.0117

Berbel, J., Borrego-Marin, M.M., Exposito, A., Giannoccaro, G., Montilla-Lopez,
N.M. & Roseta-Palma, C. (2019a). “Analysis of irrigation water tariffs and taxes
in Europe”. Water Policy, 21(4), 806-825. https://doi.org/10.2166/wp.2019.197

Berbel, J. & Exposito, A. (2020). “The theory and practice of water pricing and
cost recovery in the Water Framework Directive”. Water Alternatives, 13(3),
659-673. https://www.water-alternatives.org/index.php/alldoc/articles/vol13/
v13issue3/602-a13-3-20

Berbel, J., Exposito, A., Gutiérrez-Martin, C. & Mateos, L. (2019b). “Effects of the
irrigation modernization in Spain 2002-2015”. Water Resources Management,
33(5), 1835-1849. https://doi.org/10.1007/s11269-019-02215-w

Berbel, J., Gutiérrez-Martin, C. & Exposito, A. (2018). “Impacts of irrigation
efficiency improvement on water use, water consumption and response to water
price at field level”. Agricultural Water Management, 203, 423-429. https://doi.
org/10.1016/j.agwat.2018.02.026



https://doi.org/20.500.11889/4616
https://doi.org/10.1016/j.agwat.2013.09.022
https://doi.org/10.1016/j.agwat.2013.09.022
https://a4ws.org/
https://a4ws.org/aws-standard/
https://doi.org/10.3917/esp.158.0117
https://doi.org/10.3917/esp.158.0117
https://doi.org/10.2166/wp.2019.197
https://www.water-alternatives.org/index.php/alldoc/articles/vol13/v13issue3/602-a13-3-20
https://www.water-alternatives.org/index.php/alldoc/articles/vol13/v13issue3/602-a13-3-20
https://doi.org/10.1007/s11269-019-02215-w
https://doi.org/10.1016/j.agwat.2018.02.026
https://doi.org/10.1016/j.agwat.2018.02.026

A taxonomy of economic water policy instruments and their dynamic effects... EARN 26(1) | 260107

Berbel, J., Gutiérrez-Martin, C., Rodriguez-Diaz, J.A., Camacho, E. & Montesinos,
P. (2015). “Literature review on rebound effect of water saving measures and
analysis of a Spanish case study”. Water Resources Management, 29(3), 663-678.
https://doi.org/10.1007/s11269-014-0839-0

Binet, M.-E., Garcia-Valifias, M.A. & Suarez-Fernandez, S. (2024). “Nudges in
sustainable water management practices: Implementation, key findings and
research agenda”. Journal of Cleaner Production, 456, 142282. https://doi.
org/10.1016/j.jclepro.2024.142282

Blue Angel. (2025). The German ecolabel. Retrieved from: Blue Angel. https://
www.blauer-engel.de/en

Bocker, T. & Finger, R. (2016). “European pesticide tax schemes in comparison: An
analysis of experiences and developments”. Sustainability, 8(4), 378. https://doi.
org/10.3390/su8040378

Brent, D. & Wichman, C. (2022). Do behavioral nudges interact with prevailing
economic incentives? Pairing experimental and quasi-experimental evidence
from water consumption. Washington DC: Resources for the Future. https:/

www.rff.org/publications/working-papers/do-behavioral-nudges-interact-with-

prevailing-economic-incentives-pairing-experimental-and-quasi-experimental-
evidence-from-water-consumption/

Carney, C.P., Endter-Wada, J. & Welsh, L.W. (2021). “The accumulating interest
in water banks: Assessing their role in mitigating water insecurities”. Journal
of the American Water Resources Association, 57(4), 552-571. https://doi.
org/10.1111/1752-1688.12940

Chabé-Ferret, S., Le Coent, P., Reynaud, A., Subervie, J. & Lepercq, D. (2019). “Can
we nudge farmers into saving water? Evidence from a randomised experiment”.
European Review of Agricultural Economics, 46(3), 393-416. https://doi.
org/10.1093/erae/jbz022

Chen, Y., Luo, T., Tian, G. & Zhao, Q. (2024). “Can a water bank improve
groundwater rights market efficiency? A study based on Monte Carlo simulations”.
Sustainability, 16(1), 54. https://doi.org/10.3390/su16010054

Clifford, P., Landry, C.J. & Larsen-Hayden, A. (2004). Analysis of water banks in
the western states. Olympia, USA: Washington State University, Department of
Ecology.

Crase, L., O’Keefe, S. & Kinoshita, Y. (2012). “Enhancing agrienvironmental
outcomes: Market-based approaches to water in Australia’s Murray-
Darling Basin”. Water Resources Research, 48(9), W09536. https://doi.
org/10.1029/2012WR012140



https://doi.org/10.1016/j.jclepro.2024.142282
https://doi.org/10.1016/j.jclepro.2024.142282
https://www.blauer-engel.de/en
https://www.blauer-engel.de/en
https://doi.org/10.3390/su8040378
https://doi.org/10.3390/su8040378
https://www.rff.org/publications/working-papers/do-behavioral-nudges-interact-with-prevailing-economic-incentives-pairing-experimental-and-quasi-experimental-evidence-from-water-consumption/
https://www.rff.org/publications/working-papers/do-behavioral-nudges-interact-with-prevailing-economic-incentives-pairing-experimental-and-quasi-experimental-evidence-from-water-consumption/
https://www.rff.org/publications/working-papers/do-behavioral-nudges-interact-with-prevailing-economic-incentives-pairing-experimental-and-quasi-experimental-evidence-from-water-consumption/
https://www.rff.org/publications/working-papers/do-behavioral-nudges-interact-with-prevailing-economic-incentives-pairing-experimental-and-quasi-experimental-evidence-from-water-consumption/
https://doi.org/10.1111/1752-1688.12940
https://doi.org/10.1111/1752-1688.12940
https://doi.org/10.1093/erae/jbz022
https://doi.org/10.1093/erae/jbz022
https://doi.org/10.3390/su16010054
https://doi.org/10.1029/2012WR012140
https://doi.org/10.1029/2012WR012140

EARN 26(1) | 260107 Diaz-Cano, E., Berbel, J., Montilla-Lopez, N.M. & Gutiérrez-Martin, C.

Crespi, F., Ghisetti, C. & Quatraro, F. (2015). Taxonomy of implemented policy
instruments to foster the production of green technologies and improve
environmental and economic performance Working Paper (Vol. 90, pp. 26).
Retrieved from: ECONSTOR. https://hdl.handle.net/10419/125745

Croson, R. & Treich, N. (2014). “Behavioral environmental economics: Promises
and challenges”. Environmental and Resource Economics, 58(3), 335-351.
https://doi.org/10.1007/s10640-014-9783-y

Delacamara, G., Gomez, C.M. & Maestu, J. (2014). “Water trading opportunities and
challenges in Europe”. In Burnett, K., Howitt, R., Roumasset, J.A. & Wada, C.A.
(Eds.): Routledge handbook of water economics and institutions (pp. 281-295).
London: Routledge.

Dellapenna, J.W. (2000). “The importance of getting names right: The myth of
markets for water”. William & Mary Environmental Law and Policy Review,
25(2), 317-377. https://scholarship.law.wm.edu/wmelpr/vol25/iss2/4/

Dixon, P.B., Rimmer, M.T. & Wittwer, G. (2012). “Buybacks to restore the southern
Murray-Darling Basin”. In Wittwer, G. (Ed.): Economic Modeling of Water:
The Australian CGE Experience (pp. 99-118). Dordrecht, Netherlands: Springer.
https://doi.org/10.1007/978-94-007-2876-9_6

Duval, R. (2008). 4 taxonomy of instruments to reduce greenhouse gas
emissions and their interactions. Paris, France: OECD Publishing. https://doi.
org/10.1787/236846121450

European Commission. (2023). Eco-schemes. Retrieved from: European Commission
- Common agricultural policy. https://agriculture.ec.europa.cu/common-
agricultural-policy/income-support/eco-schemes_en

European Commission. (2024). Preventing and mitigating water scarcity and
droughts in the EU. Retrieved from: European Commission - Energy, Climate
change, Environment. https://environment.ec.europa.eu/topics/water/water-
scarcity-and-droughts en

European Court of Auditors. (2021). Sustainable water use in agriculture: CAP funds
more likely to promote greater rather than more efficient water use. Retrieved
from: ECA. https://www.eca.europa.eu/en/publications/SR21_20

Exposito, A. & Berbel, J. (2024). “Economic policy instruments in water governance”.
In Fritsch, O. & Benson, D. (Eds.): Handbook on the Governance and Politics
of Water Resources (pp. 10-20). Cheltenham, United Kingdom: Edward Elgar
Publishing. https://doi.org/10.4337/9781800887909.00009



https://hdl.handle.net/10419/125745
https://doi.org/10.1007/s10640-014-9783-y
https://scholarship.law.wm.edu/wmelpr/vol25/iss2/4/
https://doi.org/10.1007/978-94-007-2876-9_6
https://doi.org/10.1787/236846121450
https://doi.org/10.1787/236846121450
https://agriculture.ec.europa.eu/common-agricultural-policy/income-support/eco-schemes_en
https://agriculture.ec.europa.eu/common-agricultural-policy/income-support/eco-schemes_en
https://environment.ec.europa.eu/topics/water/water-scarcity-and-droughts_en
https://environment.ec.europa.eu/topics/water/water-scarcity-and-droughts_en
https://www.eca.europa.eu/en/publications/SR21_20
https://doi.org/10.4337/9781800887909.00009

A taxonomy of economic water policy instruments and their dynamic effects... EARN 26(1) | 260107

Fereres, E., Villalobos, F., Orgaz, F., Minguez, M., Van Halsema, G. & Perry, C.
(2017). “Commentary: On the water footprint as an indicator of water use in food
production”. [rrigation Science, 35, 83-85. https://doi.org/10.1007/s00271-017-

0535-y

Ferraro, P.J., Miranda, J.J. & Price, M.K. (2011). “The persistence of treatment
effects with norm-based policy instruments: Evidence from a randomized
environmental policy experiment”. American Economic Review, 101(3), 318-322.
https://doi.org/10.1257/aer.101.3.318

Fielding, K.S., Spinks, A., Russell, S., McCrea, R., Stewart, R. & Gardner, J. (2013).
“An experimental test of voluntary strategies to promote urban water demand
management”. Journal of Environmental Management, 114, 343-351. https://doi.

org/10.1016/j.jenvman.2012.10.027

Finney, C. (2013). “Water abstraction charges as a water management tool”.
Irrigation and Drainage, 62(4), 477-487. https://doi.org/10.1002/ird. 1735

GLOBALG.A.P. (2025). Sustainable program for irrigation and groundwater use
(SPRING). Retrieved from: Globalgap - Solutions. https://www.globalgap.org/
what-we-offer/solutions/

Gomez Gomez, C.M., Pérez-Blanco, C.D., Adamson, D. & Loch, A. (2018).
“Managing water scarcity at a river basin scale with economic instruments”.
Water Economics and Policy, 4(1), 1750004. https://doi.org/10.1142/
$2382624x17500047

Goulder, L.H. & Parry, L W. (2008). “Instrument choice in environmental policy”.
Review of Environmental Economics and Policy, 2(2), 152-174. https://doi.
org/10.1093/reep/ren005

Grafton, R.Q. & Wheeler, S.A. (2018). “Economics of water recovery in the Murray-
Darling Basin, Australia”. Annual Review of Resource Economics, 10, 487-510.

https://doi.org/10.1146/annurev-resource-100517-023039

Hadjigeorgalis, E. (2009). “A place for water markets: Performance and challenges”.
Applied Economic Perspectives and Policy, 31(1), 50-67. https://doi.org/10.1111/
].1467-9353.2008.01425 .x

Heinz, 1. (2002). “Voluntary agreements as an instrument to solve conflicts between
farmers and water suppliers”. In Steenvoorden, J., Claessen, F. & Willems, J.
(Eds.): Agricultural effects on ground and surface waters: Research at the edge of
science and society (pp. 11-16). Oxfordshire, UK: IAHS Press.


https://doi.org/10.1007/s00271-017-0535-y
https://doi.org/10.1007/s00271-017-0535-y
https://doi.org/10.1257/aer.101.3.318
https://doi.org/10.1016/j.jenvman.2012.10.027
https://doi.org/10.1016/j.jenvman.2012.10.027
https://doi.org/10.1002/ird.1735
https://www.globalgap.org/what-we-offer/solutions/
https://www.globalgap.org/what-we-offer/solutions/
https://doi.org/10.1142/s2382624x17500047
https://doi.org/10.1142/s2382624x17500047
https://doi.org/10.1093/reep/ren005
https://doi.org/10.1093/reep/ren005
https://doi.org/10.1146/annurev-resource-100517-023039
https://doi.org/10.1111/j.1467-9353.2008.01425.x
https://doi.org/10.1111/j.1467-9353.2008.01425.x

EARN 26(1) | 260107 Diaz-Cano, E., Berbel, J., Montilla-Lopez, N.M. & Gutiérrez-Martin, C.

Hernandez-Pacheco Algaba, M., Huyghe, W., van Leeuwen, K., Koop, S. &
Eisenreich, S. (2024). “Assessment and actions to support integrated water
resources management of Seville (Spain)”. Environment, Development and
Sustainability, 26(3), 7347-7375. https://doi.org/10.1007/s10668-023-03011-8

Huffaker, R. (2008). “Conservation potential of agricultural water conservation
subsidies”. Water Resources Research, 44(7), WOOEO1. https://doi.
0rg/10.1029/2007WR006183

Intergovernmental Panel on Climate Change. (2015). “National and sub-national
policies and institutions”. In Intergovernmental Panel on Climate Change:
Climate Change 2014.: Mitigation of Climate Change: Working Group 111
Contribution to the IPCC Fifth Assessment Report (pp. 1141 - 1206). Cambridge:
Cambridge University Press. https://doi.org/10.1017/CB0O9781107415416.021

Intergovernmental Panel on Climate Change. (2023). Climate Change 2023:
Synthesis Report. Contribution of Working Groups I, Il and Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Geneva,
Switzerland: IPCC. https://doi.org/10.59327/IPCC/AR6-9789291691647

Judge, P. (2022). European operators plan to cut water use to 400ml per kWh by
2040. Retrieved from: DCD. https://www.datacenterdynamics.com/en/news/
european-operators-plan-to-cut-water-use-to-400ml-per-kwh-by-2040/

Kieser, M.S. & McCarthy, J.L. (2015). “Water quality trading in Ohio”. In Lago, M.,
Mysiak, J., Gomez, C.M., Delacamara, G. & Maziotis, A. (Eds.): Use of economic
instruments in water policy. Insights from international experience (pp. 209-222).
Cham, Switzerland: Springer. https://doi.org/10.1007/978-3-319-18287-2 15

Lago, M., Mysiak, J., Gomez, C.M., Delacamara, G. & Maziotis, A. (Eds.). (2015).
Use of economic instruments in water policy: Insights from international
experience. Cham, Switzerland: Springer. https://doi.org/10.1007/978-3-319-
18287-2

Leflaive, X. (2024). The economics of water scarcity OECD Environment Working
Papers, No. 239. Paris: OECD Publishing. https://doi.org/10.1787/81d1bc0Oa-en

Liu, M., Yang, L. & Min, Q. (2019). “Water-saving irrigation subsidy could increase
regional water consumption”. Journal of Cleaner Production, 213, 283-288.
https://doi.org/10.1016/j.jclepro.2018.12.152

Loch, A., Pérez-Blanco, C.D., Carmody, E., Felbab-Brown, V., Adamson, D. &
Seidl, C. (2020). “Grand theft water and the calculus of compliance”. Nature
Sustainability, 3(12), 1012-1018. https://doi.org/10.1038/541893-020-0589-3



https://doi.org/10.1007/s10668-023-03011-8
https://doi.org/10.1029/2007WR006183
https://doi.org/10.1029/2007WR006183
https://doi.org/10.1017/CBO9781107415416.021
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://www.datacenterdynamics.com/en/news/european-operators-plan-to-cut-water-use-to-400ml-per-kwh-by-2040/
https://www.datacenterdynamics.com/en/news/european-operators-plan-to-cut-water-use-to-400ml-per-kwh-by-2040/
https://doi.org/10.1007/978-3-319-18287-2_15
https://doi.org/10.1007/978-3-319-18287-2
https://doi.org/10.1007/978-3-319-18287-2
https://doi.org/10.1787/81d1bc0a-en
https://doi.org/10.1016/j.jclepro.2018.12.152
https://doi.org/10.1038/s41893-020-0589-3

A taxonomy of economic water policy instruments and their dynamic effects... EARN 26(1) | 260107

Lu, L., Deller, D. & Hviid, M. (2019). “Price and behavioural signals to encourage
household water conservation: Implications for the UK”. Water Resources
Management, 33, 475-491. https://doi.org/10.1007/s11269-018-2133-z

Lund, J.R. & Israel, M. (1992). Recent California water transfers: Emerging options
in water management. Final report. Davis, United States: Hydrologic Engineering
Center. https://www.hec.usace.army.mil/publications/ResearchDocuments/RD-

38.pdf

Marcus, F., Green Nylen, N., Owen, D. & Kiparsky, M. (2024). Five guiding
principles for effective voluntary agreements: A case study on VAs for water.
Retrieved from Berkeley, United States: Center for Law, Energy & the
Environment (CLEE). https://www.law.berkeley.edu/research/clee/research/

wheeler/water-allocation/voluntary-agreements/

McCann, L., Colby, B., Easter, K.W., Kasterine, A. & Kuperan, K.V. (2005).
“Transaction cost measurement for evaluating environmental policies”. Ecological
Economics, 52(4), 527-542. https://doi.org/10.1016/j.ecolecon.2004.08.002

Medellin-Azuara, J., Howitt, R.E. & Lund, J.R. (2013). “Modeling economic-
engineering responses to drought: The California case”. In Schwabe, K., Albiac,
J., Connor, J.D., Hassan, R.M. & Gonzélez, L.M. (Eds.): Drought in arid and
semi-arid regions: A multi-disciplinary and cross-country perspective (pp. 341-
356). Dordrecht, Netherlands: Springer. https://doi.org/10.1007/978-94-007-
6636-5 19

Megdal, S.B., Dillon, P. & Seasholes, K. (2014). “Water banks: Using managed
aquifer recharge to meet water policy objectives”. Water, 6(6), 1500-1514.
https://doi.org/10.3390/w6061500

Molle, F. & Berkoff, J. (2007). “Water pricing in irrigation: mapping the debate
in the light of experience”. In Molle, F. & Berkoff, J. (Eds.): Irrigation water
pricing: the gap between theory and practice (pp. 21-93). Cambridge, UK: CABI.
https://doi.org/10.1079/9781845932923.0021

Molle, F. & Closas, A. (2020a). “Comanagement of groundwater: A review”. WIREs
Water, 7(1), e1394. https://doi.org/10.1002/wat2.1394

Molle, F. & Closas, A. (2020b). “Groundwater licensing and its challenges”.
Hydrogeology Journal, 28(6), 1961-1974. https://doi.org/10.1007/s10040-020-
02179-x

Moller-Gulland, J., Lago, M., McGlade, K. & Anzaldua, G. (2015). “Effluent
tax in Germany”. In Lago, M., Mysiak, J., Gémez, C.M., Delacamara, G. &
Maziotis, A. (Eds.): Use of economic instruments in water policy: Insights from
international experience (pp. 21-38). Cham, Switzerland: Springer. https://doi.
org/10.1007/978-3-319-18287-2 3



https://doi.org/10.1007/s11269-018-2133-z
https://www.hec.usace.army.mil/publications/ResearchDocuments/RD-38.pdf
https://www.hec.usace.army.mil/publications/ResearchDocuments/RD-38.pdf
https://www.law.berkeley.edu/research/clee/research/wheeler/water-allocation/voluntary-agreements/
https://www.law.berkeley.edu/research/clee/research/wheeler/water-allocation/voluntary-agreements/
https://doi.org/10.1016/j.ecolecon.2004.08.002
https://doi.org/10.1007/978-94-007-6636-5_19
https://doi.org/10.1007/978-94-007-6636-5_19
https://doi.org/10.3390/w6061500
https://doi.org/10.1079/9781845932923.0021
https://doi.org/10.1002/wat2.1394
https://doi.org/10.1007/s10040-020-02179-x
https://doi.org/10.1007/s10040-020-02179-x
https://doi.org/10.1007/978-3-319-18287-2_3
https://doi.org/10.1007/978-3-319-18287-2_3

EARN 26(1) | 260107 Diaz-Cano, E., Berbel, J., Montilla-Lopez, N.M. & Gutiérrez-Martin, C.

Montilla-Lopez, N.M., Gutiérrez-Martin, C. & Gémez-Limon, J.A. (2016). “Water
banks: What have we learnt from the international experience?”. Water, 8(10),
466. https://doi.org/10.3390/w8100466

Muradian, R., Arsel, M., Pellegrini, L., Adaman, F., Aguilar, B., Agarwal, B.,
Corbera, E., Ezzine de Blas, D., Farley, J., Froger, G., Garcia-Frapolli, E.,
Gomez-Baggethun, E., Gowdy, J., Kosoy, N., Le Coq, J.F., Leroy, P., May, P.,
Méral, P., Mibielli, P., Norgaard, R., Ozkaynak, B., Pascual, U., Pengue, W.,
Perez, M., Pesche, D., Pirard, R., Ramos-Martin, J., Rival, L., Saenz, F., Van
Hecken, G., Vatn, A., Vira, B. & Urama, K. (2013). “Payments for ecosystem
services and the fatal attraction of win-win solutions”. Conservation Letters, 6(4),
274-279. https://doi.org/10.1111/§.1755-263X.2012.00309.x

Natural Resources Conservation Service. (2025). Environmental Quality Incentives
Program (EQIP). Retrieved from: Natural Resources Conservation Service
- Programs & Initiatives. https://www.nrcs.usda.gov/programs-initiatives/
environmental-quality-incentives-program

Nickerson, R.C., Varshney, U. & Muntermann, J. (2013). “A method for taxonomy
development and its application in information systems”. European Journal of
Information Systems, 22(3), 336-359. https://doi.org/10.1057/ejis.2012.26

Organisation for Economic Co-operation and Development. (2001). Policies
to enhance sustainable development. Paris: OECD Publishing. https://doi.
org/10.1787/9789264192683-en

Organisation for Economic Co-operation and Development. (2009). The economics
of climate change mitigation: How to build the necessary global action in a cost-
effective manner. Paris: OECD Publishing. https://doi.org/10.1787/224074334782

Organisation for Economic Co-operation and Development. (2015). OECD principles
on water governance. Retrieved from: OECD. https://www.oecd.org/en/topics/
sub-issues/water-governance/the-oecd-principles-on-water-governance-and-

implementation-strategy.html

Pacheco-Vega, R. (2020). “Environmental regulation, governance, and policy
instruments, 20 years after the stick, carrot, and sermon typology”. Journal of
Environmental Policy & Planning, 22(5), 620-635. https://doi.org/10.1080/1523
908X.2020.1792862

Palomo-Hierro, S., Settre, C., Loch, A. & Wheeler, S. (2016). “Mercados de agua en
Australia y California. Qué podemos aprender de ellos?”. In Gémez-Limon, J.A.
& Calatrava, J. (Eds.): Los mercados de agua en Esparia: Presente y perspectivas
(pp- 315-342). Almeria, Spain: Fundacion Cajamar.


https://doi.org/10.3390/w8100466
https://doi.org/10.1111/j.1755-263X.2012.00309.x
https://www.nrcs.usda.gov/programs-initiatives/environmental-quality-incentives-program
https://www.nrcs.usda.gov/programs-initiatives/environmental-quality-incentives-program
https://doi.org/10.1057/ejis.2012.26
https://doi.org/10.1787/9789264192683-en
https://doi.org/10.1787/9789264192683-en
https://doi.org/10.1787/224074334782
https://www.oecd.org/en/topics/sub-issues/water-governance/the-oecd-principles-on-water-governance-and-implementation-strategy.html
https://www.oecd.org/en/topics/sub-issues/water-governance/the-oecd-principles-on-water-governance-and-implementation-strategy.html
https://www.oecd.org/en/topics/sub-issues/water-governance/the-oecd-principles-on-water-governance-and-implementation-strategy.html
https://doi.org/10.1080/1523908X.2020.1792862
https://doi.org/10.1080/1523908X.2020.1792862

A taxonomy of economic water policy instruments and their dynamic effects... EARN 26(1) | 260107

Pannell, D.J. (2008). “Public benefits, private benefits, and policy mechanism choice
for land-use change for environmental benefits”. Land Economics, 84(2), 225-
240. https://doi.org/10.3368/1e.84.2.225

Pedersen, A., Nielsen, H. & Andersen, M. (2015). “The Danish pesticide tax”. In
Lago, M., Mysiak, J., Gomez, C.M., Delacamara, G. & Maziotis, A. (Eds.): Use
of economic instruments in water policy: Insights from international experience
(pp. 73-87). Cham, Switzerland: Springer. https://doi.org/10.1007/978-3-319-
18287-2 6

Pérez-Blanco, C.D. & Gutiérrez-Martin, C. (2017). “Buy me a river: Use of
multi-attribute non-linear utility functions to address overcompensation in
agricultural water buyback”™. Agricultural Water Management, 190, 6-20. https://
doi.org/10.1016/j.agwat.2017.05.006

Perrot-Maitre, D. (20006). The Vittel payments for ecosystem services: A perfect PES
case?. London: International Institute for Environment and Development. https://
www.iied.org/g00388

Perry, C. (2014). “Water footprints: Path to enlightenment, or false trail?”.
Agricultural Water Management, 134, 119-125. https://doi.org/10.1016/].
agwat.2013.12.004

Perry, C. & Steduto, P. (2017). Does improved irrigation technology save water?
A review of the evidence. Cairo: FAO. https://openknowledge.fao.org/
handle/20.500.14283/i7090en

Pronti, A. & Berbel, J. (2023). “The impact of volumetric water tariffs in irrigated
agriculture in Northern Italy”. Environmental Impact Assessment Review, 98,
106922. https://doi.org/10.1016/j.eiar.2022.106922

Pujol, J., Raggi, M. & Viaggi, D. (2006). “The potential impact of markets for
irrigation water in Italy and Spain: A comparison of two study areas”. Australian

Journal of Agricultural and Resource Economics, 50(3), 361-380. https://doi.
org/10.1111/j.1467-8489.2006.00352.x

Qureshi, M.E., Grafton, R.Q., Kirby, M. & Hanjra, M.A. (2011). “Understanding
irrigation water use efficiency at different scales for better policy reform: A case
study of the Murray-Darling Basin, Australia”. Water Policy, 13(1), 1-17. https://
doi.org/10.2166/wp.2010.063

Revesz, R.L. & Stavins, R.N. (2004). Environmental law and public policy. Working
Paper 13575. Retrieved from: National Bureau of Economic Research. https://
doi.org/10.3386/w13575



https://doi.org/10.3368/le.84.2.225
https://doi.org/10.1007/978-3-319-18287-2_6
https://doi.org/10.1007/978-3-319-18287-2_6
https://doi.org/10.1016/j.agwat.2017.05.006
https://doi.org/10.1016/j.agwat.2017.05.006
https://www.iied.org/g00388
https://www.iied.org/g00388
https://doi.org/10.1016/j.agwat.2013.12.004
https://doi.org/10.1016/j.agwat.2013.12.004
https://openknowledge.fao.org/handle/20.500.14283/i7090en
https://openknowledge.fao.org/handle/20.500.14283/i7090en
https://doi.org/10.1016/j.eiar.2022.106922
https://doi.org/10.1111/j.1467-8489.2006.00352.x
https://doi.org/10.1111/j.1467-8489.2006.00352.x
https://doi.org/10.2166/wp.2010.063
https://doi.org/10.2166/wp.2010.063
https://doi.org/10.3386/w13575
https://doi.org/10.3386/w13575

EARN 26(1) | 260107 Diaz-Cano, E., Berbel, J., Montilla-Lopez, N.M. & Gutiérrez-Martin, C.

Rey, D., Calatrava, J. & Garrido, A. (2016). “Optimisation of water procurement
decisions in an irrigation district: the role of option contracts”. Australian
Journal of Agricultural and Resource Economics, 60(1), 130-154. https://doi.
org/10.1111/1467-8489.12110

Rey, D., Pérez-Blanco, C.D., Escriva-Bou, A., Girard, C. & Veldkamp, T.L.E. (2018).
“Role of economic instruments in water allocation reform: Lessons from Europe”.
International Journal of Water Resources Development, 35(2), 206-239. https://
doi.org/10.1080/07900627.2017.1422702

Rinaudo, J.-D., Calatrava, J. & De Byans, M.V. (2016). “Tradable water saving
certificates to improve urban water use efficiency: an ex-ante evaluation in a

French case study”. Australian Journal of Agricultural and Resource Economics,
60(3), 422-441. https://doi.org/10.1111/1467-8489.12132

Rouillard, J., Babbitt, C., Pulido-Velazquez, M. & Rinaudo, J.-D. (2021).
“Transitioning out of open access: A closer look at institutions for management of

groundwater rights in France, California, and Spain”. Water Resources Research,
57(4), 1-20. https://doi.org/10.1029/2020WR028951

Sapino, F., Pérez-Blanco, C.D., Gutiérrez-Martin, C., Garcia-Prats, A. & Pulido-
Velazquez, M. (2022). “Influence of crop-water production functions on
the expected performance of water pricing policies in irrigated agriculture”.
Agricultural Water Management, 259, 107248. https://doi.org/10.1016/].
agwat.2021.107248

Scheierling, S.M., Loomis, J.B. & Young, R.A. (2006). “Irrigation water demand: A
meta-analysis of price elasticities”. Water Resources Research, 42(1), W01411.
https://doi.org/10.1029/2005WR 004009

Schubert, C. (2017). “Green nudges: Do they work? Are they ethical?”. Ecological
Economics, 132, 329-342. https://doi.org/10.1016/j.ecolecon.2016.11.009

Schultz, P.W., Messina, A., Tronu, G., Limas, E.F., Gupta, R. & Estrada, M. (2016).
“Personalized normative feedback and the moderating role of personal norms:

A field experiment to reduce residential water consumption”. Environment and
Behavior, 48(5), 686-710. https://doi.org/10.1177/0013916514553835

Seyranian, V., Sinatra, G.M. & Polikoff, M.S. (2015). “Comparing communication
strategies for reducing residential water consumption”. Journal of Environmental
Psychology, 41, 81-90. https://doi.org/10.1016/j.jenvp.2014.11.009

Shortle, J. (2013). “Economics and environmental markets: Lessons from water-
quality trading”. Agricultural and Resource Economics Review, 42(1), 57-74.
https://doi.org/10.1017/S1068280500007619



https://doi.org/10.1111/1467-8489.12110
https://doi.org/10.1111/1467-8489.12110
https://doi.org/10.1080/07900627.2017.1422702
https://doi.org/10.1080/07900627.2017.1422702
https://doi.org/10.1111/1467-8489.12132
https://doi.org/10.1029/2020WR028951
https://doi.org/10.1016/j.agwat.2021.107248
https://doi.org/10.1016/j.agwat.2021.107248
https://doi.org/10.1029/2005WR004009
https://doi.org/10.1016/j.ecolecon.2016.11.009
https://doi.org/10.1177/0013916514553835
https://doi.org/10.1016/j.jenvp.2014.11.009
https://doi.org/10.1017/S1068280500007619

A taxonomy of economic water policy instruments and their dynamic effects... EARN 26(1) | 260107

Strong, A. & Goemans, C. (2014). “Quantity uncertainty and demand: The case of
water smart reader ownership”. The B.E. Journal of Economic Analysis & Policy,
14(3), 669-694. https://doi.org/10.1515/bejeap-2013-0050

Strong, C., Kuzma, S., Vionnet, S. & Reig, P. (2020). Achieving abundance:
Understanding the cost of a sustainable water future. Retrieved from: World
Resources Institute. https://www.wri.org/research/achieving-abundance-
understanding-cost-sustainable-water-future

Tabaichount, B., Wood, S.L.R., Kermagoret, C., Kolinjivadi, V., Bissonnette, J.F.,
Zaga Mendez, A. & Dupras, J. (2019). “Water quality trading schemes as a form
of state intervention: Two case studies of state-market hybridization from Canada
and New Zealand”. Ecosystem Services, 36, 100890. https://doi.org/10.1016/j.
ecoser.2019.01.002

Tiwari, D. & Dinar, A. (2002). Role and use of economic incentives
in irrigated agriculture. Working Paper 31957. Washington, DC: World
Bank. https://documents.worldbank.org/en/publication/documents-reports/
documentdetail/688561468779666802

U.S. Environmental Protection Agency. (2025). WaterSense. Retrieved from: EPA.
https://www.epa.gov/watersense

Vangipuram, B., Gonzalez, J.Z. & Erfani, T. (2025). “Making waves: [s water quality
trading a false promise for balancing ecology and economy?”. Water Research,
284, 123959. https://doi.org/10.1016/j.watres.2025.123959

Wang, H., Ploegmakers, H., van der Krabben, E. & Meijerink, S. (2024). “The
environmental effectiveness of water quality trading: Evidence from emissions
trading programs in China”. Ecological Economics, 224, 108277. https://doi.
org/10.1016/j.ecolecon.2024.108277

Ward, F.A. & Pulido-Velazquez, M. (2008). “Water conservation in irrigation can
increase water use”. Proceedings of the National Academy of Sciences, 105(47),
18215-18220. https://doi.org/10.1073/pnas.0805554105

Wheeler, S.A. & Cheesman, J. (2013). “Key findings from a survey of sellers to
the Restoring the Balance programme”. Economic Papers: A Journal of Applied
Economics and Policy, 32(3), 340-352. https://doi.org/10.1111/1759-3441.12038

Whitten, S., van Bueren, M. & Collins, D. (2003). 4n overview of market-based
instruments and environmental policy in Australia. Retrieved from: ResearchGate.
https://www.researchgate.net/publication/254490223 An_Overview_of Market-
Based Instruments and Environmental Policy in Australia



https://doi.org/10.1515/bejeap-2013-0050
https://www.wri.org/research/achieving-abundance-understanding-cost-sustainable-water-future
https://www.wri.org/research/achieving-abundance-understanding-cost-sustainable-water-future
https://doi.org/10.1016/j.ecoser.2019.01.002
https://doi.org/10.1016/j.ecoser.2019.01.002
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/688561468779666802
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/688561468779666802
https://www.epa.gov/watersense
https://doi.org/10.1016/j.watres.2025.123959
https://doi.org/10.1016/j.ecolecon.2024.108277
https://doi.org/10.1016/j.ecolecon.2024.108277
https://doi.org/10.1073/pnas.0805554105
https://doi.org/10.1111/1759-3441.12038
https://www.researchgate.net/publication/254490223_An_Overview_of_Market-Based_Instruments_and_Environmental_Policy_in_Australia
https://www.researchgate.net/publication/254490223_An_Overview_of_Market-Based_Instruments_and_Environmental_Policy_in_Australia

EARN 26(1) | 260107 Diaz-Cano, E., Berbel, J., Montilla-Lopez, N.M. & Gutiérrez-Martin, C.

Wittwer, G. (2011). “Confusing policy and catastrophe: Buybacks and drought in the
Murray—Darling Basin”. Economic Papers: A journal of applied economics and
policy, 30(3), 289-295. https://doi.org/10.1111/1.1759-3441.2011.00122.x

Zanella, M.A., Schleyer, C. & Speelman, S. (2014). “Why do farmers join Payments
for Ecosystem Services (PES) schemes? An assessment of PES water scheme
participation in Brazil”. Ecological Economics, 105, 166-176. https://doi.
org/10.1016/j.ecolecon.2014.06.004

Zilberman, D. & de Gorter, H. (1984). The political economy of public good
provision. Working Paper No. 308. Retrieved from: AgEcon Search. https://doi.
org/10.22004/ag.econ.198274

Zwickle, A., Feltman, B.C., Brady, A.J., Kendall, A.D. & Hyndman, D.W. (2021).
“Sustainable irrigation through local collaborative governance: Evidence for a
structural fix in Kansas”. Environmental Science & Policy, 124, 517-526. https://
doi.org/10.1016/j.envsci.2021.07.021



https://doi.org/10.1111/j.1759-3441.2011.00122.x
https://doi.org/10.1016/j.ecolecon.2014.06.004
https://doi.org/10.1016/j.ecolecon.2014.06.004
https://doi.org/10.22004/ag.econ.198274
https://doi.org/10.22004/ag.econ.198274
https://doi.org/10.1016/j.ecolecon.2014.06.004
https://doi.org/10.1016/j.ecolecon.2014.06.004

	_Hlk222756572
	_Hlk222753417
	_Hlk222753652
	_Hlk212405006
	_Hlk212405057
	_Hlk222757103
	_Hlk222757679
	_Hlk164448635
	_Hlk166431319
	_Hlk166433990
	_ENREF_11
	_Hlk189225266
	_Hlk218239205
	_Hlk176289210
	_Hlk176289791
	_Hlk228143567
	_Hlk223269017
	_Hlk176348937
	_Hlk204856853
	_Hlk205030900
	_Hlk166433990
	_Hlk203575730
	_Hlk203575778
	_Hlk213261404
	_Hlk213260477
	_Ref176614688
	_Hlk164448635
	_Hlk166431319
	_Hlk166433990
	_Hlk143640773
	_Hlk220087869
	_Hlk220084682
	_Hlk220069148
	_Hlk200622548
	_Hlk130210881
	_Hlk130209413
	_Hlk130208764
	_Hlk130221514
	_Hlk53555664
	_Hlk130222929
	_Hlk193220341
	_Hlk193220426
	_Hlk193974333
	_Hlk194314356
	_Hlk191978376
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_ENREF_47
	_ENREF_48
	_ENREF_49
	_ENREF_50
	_ENREF_51
	_ENREF_52
	_ENREF_53
	_ENREF_54
	_ENREF_55
	_ENREF_56
	_ENREF_57
	_ENREF_58
	_ENREF_59
	_ENREF_60
	_ENREF_61
	_ENREF_62
	_ENREF_63
	_ENREF_64
	_ENREF_65
	_ENREF_66
	_ENREF_67
	_ENREF_68
	_ENREF_69
	_ENREF_70
	_ENREF_71
	_ENREF_72
	_ENREF_73
	_ENREF_74
	_ENREF_75
	_ENREF_76
	_ENREF_77
	_ENREF_78
	_ENREF_79
	_ENREF_80
	_ENREF_81
	_ENREF_82
	_ENREF_83
	_ENREF_85
	_ENREF_86
	_ENREF_87
	_ENREF_88
	_ENREF_89
	_ENREF_90
	_ENREF_91
	_ENREF_92
	_ENREF_93
	_ENREF_94
	_ENREF_95
	_ENREF_96
	_ENREF_97

