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Abstract

In many areas of the world, particularly in arid regions or in areas experiencing population growth, there is
increased competition over scarce water resources. This is likely to increase in the future due to continued popu-
lation growth, urban expansion and the challenge of the impact of climate change on water resource availability. In
this context, groundwater is likely to play a pivotal role in facing water scarcity. When different users share a
common-pool resource, basic rules are usually established to manage access to the resource and ensure balance
between demand and supply. Water authorities worldwide are increasingly paying added attention towards regulat-
ing the use of groundwater because of its strategic value, e.g. in times of drought or as a natural reserve. In the case
of groundwater, although regulatory measures exist, they are often difficult to enforce. This paper explores the
situation with a discussion of two aspects: first (and in line with this special issue on water ethics), an examination
of the fundamental individual values that underpin behavior in relation to water use, and second, an investigation
of the typologies of unauthorized water use, its main potential impacts, potential root causes and reflections
on imperfect institutions and social norms.
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1. Introduction

In many areas of the world, and particularly in arid regions, there is increased competition over scarce
water resources. This is likely to increase in the future due to continued population growth, an increase
in living standards, urban expansion and the challenge of the impact of climate change on water resource
availability. In this context, groundwater is likely to play a pivotal role in facing water scarcity due to its
still partially unexploited potential and its intrinsic resilience to rainfall variability.
Over the last decades, groundwater use has experienced a spectacular increase over the entire world,

enabling the development of formerly depressed areas. This ‘silent revolution’ was led by millions of
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individuals who drilled wells to access groundwater to feed different economic activities (Giordano &
Villholth, 2007; Llamas & Garrido, 2007; Llamas et al., 2007; Llamas & Martinez-Cortina, 2009).
When different users share a common-pool resource1, basic rules are usually established to manage
access to that resource and ensure balance between demand and supply. This becomes particularly
key when, as in the case of groundwater, the resource has a strategic value and the viability of its exploi-
tation is under threat. Increasingly, for this reason, water authorities worldwide are paying added
attention to regulating or, at least, tracking the use of groundwater. Institutions devised to manage
common-pool resources like groundwater, however, face at least two main problems: overuse or even
destruction of the resource itself because one person’s use subtracts from the benefits that other
could get from it; and free-riding in water abstraction, due to the difficulty or cost of excluding some
individuals from access to the resources (Dietz et al., 2002). Hence, it is no surprise that ‘anarchy’
or ‘administrative chaos’ are some of the words used in the literature to define past attempts to regulate
groundwater abstraction, suggesting at least a partial failure in the control of groundwater development
(Shah, 2008).
One of the key roles of water authorities worldwide is to regulate and plan water resource use to

ensure its long-term viability and the compatibility of a series of co-existing uses, whilst maintaining
the functionality and good status of water-dependent ecosystems. A strict legal compliance is no guar-
antee of success in ensuring a balance of demand and supply or maintenance of good water status.
Indeed, legal instruments can be inadequate or insufficient to achieve their stated objectives of resource
protection and long-term sustainability. Nonetheless, laws are one of the instruments available to an
administration to manage common-pool resources such as water, and uncontrolled water abstraction
can undermine the effectiveness of official regulatory and planning efforts. Indeed, such intense abstrac-
tion operates outside the formal regulatory framework and is thus difficult to internalize or account for in
long-term resource planning. The existence of up-to-date inventories of groundwater users appears to be
a basic prerequisite for a public administration to foster or support other non-regulatory measures that
could enhance law compliance (Gouldson et al., 2008). Despite this, there is evidence of a significant
volume of unauthorized or informal water abstraction. In Europe, a report by the European Academies
Science Advisory Council (EASAC, 2010) concluded that, in Southern European Union Member States
(SEUMS), ‘a common concern is the rapid growth in the number of users of groundwater, which has, in
many parts, led to a significant unregulated community of users. In some parts of the SEUMS, these
unregulated users are in number equal to the regulated sector and make a similar level of demand’
(EASAC, 2010: 1). In 2010, a conference of the European Commission on unauthorized water usage
in agriculture provided an interesting picture of the challenges of regulating water use in Europe
(Dworak et al., 2010). Estimates suggest that unauthorized water use can possibly be larger than auth-
orized use in several regions of the EU, particularly in the more arid and semi-arid southern Member
States. For example, on the island of Malta in 2007, official sources acknowledged an unlicensed ground-
water abstraction of 18.5 million m3/yr, while authorized pumping accounted for 15 million m3/yr
(Times of Malta, 2008). In 2005, the former Spanish Ministry for the Environment estimated that in
Spain there were about 510,000 illegal wells (WWF, 2006a). This could mean an illegal water extraction
1
‘A common-pool resource is a valued natural or human-made resource or facility that is available to more than one person and

subject to degradation as a result of overuse. […]. When no property rights define who can use a common-pool resource and
how its uses are regulated, a common-pool resource is under an open access regime’ (Dietz et al., 2002; p. 18).
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of about 3,600millionm3/yr, representing 45% of the total amount of water pumped from aquifers per year
(WWF, 2006a). Other sources (Llamas et al., 2001) estimate that in 2001 there were about 2 million wells
in Spain, out of which 90% were illegal or in a legal ‘limbo’ (not registered even if they could have been
registered).
Ultimately, unauthorized water abstraction can erode the security of access for users with existing

formal water property rights, such as suppliers, farmers, industries and individuals abstracting water
for domestic use. In addition, widespread unauthorized groundwater abstraction can have substantial
negative environmental impacts such as degradation of groundwater-fed wetlands and alteration of
river–aquifer dynamics. In many cases, the decrease in quantity goes hand in hand with a decrease
in quality, due to saline intrusion or an increased concentration of pollutants (e.g. fertilizers and pesti-
cides). Unauthorized water extraction can also be associated with other mirror practices, such as
unauthorized transformation of protected areas or common lands into irrigated arable land.
This paper focuses on the reasons behind non-compliance of groundwater regulation of water use for

agriculture in industrialized countries with well-developed and mature water economies. It draws par-
ticularly from the experience of Spain, where evidence suggests – as will be analyzed in this paper –
that unauthorized groundwater use is a highly complex phenomenon, sometimes rooted in cultural
and ethical constructs that influence the collective and individual behavior of groundwater users. In
this sense, Spain exemplifies legal conundrums and cultural mindsets, as an example that might be rel-
evant to other arid and semi-arid countries, or to other countries facing widespread unauthorized
groundwater abstraction.
This limitation of our scope to agricultural water use in industrialized regions is justified by the need

to circumscribe the discussion to a socio-economic context that is exempt from often sensitive consider-
ations in emerging economies or developing countries, where the unauthorized access to water or
customary use – for drinking, grazing or cultivating – is fundamental to livelihoods and to the subsis-
tence of many water users. In contrast, in the case of industrialized agriculture, although it can represent
an economic constraint, this lack of access to water does not have the same degree of life-threatening
urgency that can be found in less developed economies.
In order to explore technical, cultural and ethical reasons for the potential failure or success of current

regulatory efforts of groundwater in the above-mentioned context, this paper first briefly describes and
analyses the most common typologies of unauthorized use and their potential societal and environ-
mental impacts. Second, the paper analyzes the possible root causes of unauthorized groundwater
abstraction by dwelling on ethical and value parameters for human behavior in natural resource use.
Finally, the paper concludes by offering some practical paths to facilitate effective and equitable ground-
water access and use.
2. Typologies of unauthorized groundwater use

The need for regulation of groundwater encompasses at least two aspects: first, user inventories,
which can be backed up by licenses or by water rights, are necessary to keep track of groundwater
abstraction; and, second, rules on how to use the resource are needed to pre-empt or tackle groundwater
degradation, and to protect users (while ring-fencing environmental functions) from third-party effects
and potential damages. The second of these (the planning and regulating of groundwater use) cannot
occur without the first. Indeed, without a proper register and monitoring of water abstraction, water
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use planning and actions to influence consumption patterns are very difficult to implement. Take for
example the application of subsidies and how these impact on patterns of land and water use. The
example of the Upper Guadiana Basin in central Spain described in Martínez-Santos et al. (2008)
shows that unauthorized irrigated farms are administratively ‘invisible’ and therefore not included in
any incentives programs, whilst these users may actually be at the root of the problem targeted.
In general, water use is regulated through the allocation of formal water rights. The nature of water

rights varies greatly: in some cases they are owned by the state, in others they are private rights, referred
to in different jurisdictions as licenses, concessions, permits, access entitlements, or allocations. In spite
of this diversity, a number of basic attributes of water rights can be identified, and together these attri-
butes circumscribe the extent of the access, use and control rights conferred on the holder of the water
right (Table 1). These attributes can be grouped into those describing the resource (e.g. quantity and
quality of the water, the source and location), the type of use (e.g. use and duration) and the management
and administration of the right (ownership and transfer, security and enforcement) (Le Quesne et al.
2007).
The types of infraction associated with unauthorized water usage are strongly related to the specific

water regulations in each country (Dworak et al., 2010) and, even within the same country, the typology
of unauthorized water use can be very broad. Taking into account the generic attributes of water rights
described in Table 1 and using Spain as an example, it is possible to outline some general cases of non-
compliance that are likely to put significant pressure on water resources.
2.1. Wells drilled and exploited in ‘closed aquifers’

Sometimes wells are exploited without applying for authorization from the competent water authority.
In the case of Spain, this situation is typical in areas where groundwater resources are declared legally
overexploited. This means that an aquifer is closed by law, i.e. the competent water authority cannot
grant new concessions because resources are already fully, if not over-allocated (Martínez-Santos
Table 1. Main attributes of water rights.

Attribute Description

Quantity The amount of water the holder of the right may abstract
Quality The quality of the water to be abstracted or disposed of
Source The specific resource and location from which the right is awarded
Timing Restrictions on the time that the right applies, i.e. times that the volume may be abstracted
Assurance Some rights are absolute (e.g. 100% of supply, guarantee of a certain quantity and quality), while

other rights have variable assurance of supply and quality, depending on the available resource
(which can be based, for example, on principles of priority or proportionality)

Use The specific use for which the water is abstracted (e.g. irrigation, mining, etc.)
Duration and

ownership
The duration for which the holder is entitled to the rights conferred. Some rights are permanent

while other rights are authorized for a specified period of time
Transfer Whether the right can be sold, transferred to another person or location, or inherited
Security and

enforcement
Details of the administrative body that has the legal mandate to award the right, including the extent

of that mandate
Price/fee Details of the water price or fee according to its usage, possibly related to other attributes

Source: Le Quesne et al. (2007).
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et al., 2008; Lopez-Gunn et al., 2011). In this context, entrepreneurs or water providers wishing to get or
to increase their access to groundwater, can drill and exploit new wells without the corresponding
permit. Often the opening of wells without a water right permit involves the transformation of dryland
farming, or even of protected natural areas, into irrigated areas. Examples of this can be found in the
surrounding of the Doñana National Park, in the southwest of Spain. In this area, a land use plan
approved in 2003 established prohibition or limitations to transform rain-fed land into irrigated plots.
In the period 2003–2009, however, 18.5% of the land was transformed into greenhouses (mainly as
strawberry fields) intensively irrigated with unlicensed wells (Fuentelsaz et al., 2011). The transformed
land included forest area (41% of the transformed land) and even highly protected public areas (11%).
2.2. Abstraction with on-going licensing processes

A lack of capacity in the competent authority in charge of granting water permits can mean that some
users opt to open wells without permits. In Spain, the process of registering or being granted water rights
is slow and cumbersome, and water authorities are often behind schedule with procedures to grant new
concessions. The result is that many applicants start abstracting water before the authority replies to their
formal application for a groundwater right.
2.3. Abstractions over the established limits

License holders can usually only abstract a volume specified in their water title or assigned by the
water authority. In some cases however, water users end up abstracting greater volumes than that
which they are entitled to. An example of this can be found in the Western La Mancha Aquifer
(Upper Guadiana basin, central Spain), where audits carried out in 2005 on 70% of the irrigation
farms in the area revealed that groundwater abstractions of 54 million m3 above the amount authorized
by the River Basin Authority (170 million m3) were being made that year (WWF, 2006a).
2.4. Changes to the characteristics of the water right

In the case of Spain, changes in the characteristics of the water intake, e.g. through the deepening or
widening of the registered well, have to be notified to the water authority. Therefore, by definition, these
changes (if not reported) mean that the water right in many ways starts to operate out of the protection of
the administrative system. This situation is very common in several aquifers in Spain, since any tech-
nical modification of a registered well implies a change in the legal status of the water right that is
perceived by the holder to be less favorable, since it implies converting the private water right associated
with the well into a public concession for water use. Moreover, some changes in the characteristics of
the water intake may be needed as an emergency measure in the middle of an irrigation campaign, which
is not compatible with the slow pace of the required administrative procedures.
Table 2 highlights that, although many of the references and examples used in this paper refer to Spain,

irregularities in agricultural groundwater use are a widespread problem in a number of EU Member
States, particularly where water resources are naturally scarcer due to their geographical location.



Table 2. Examples of unauthorized groundwater use in agriculture in several EU Member States.

EU Member
State Estimate/reference

Cyprus 50,000 unauthorized boreholes. The current level of abstraction is about 130 million m3/yr, whilst the
recommended level is 80 million m3/yr

Greece ‘Greece still faces serious water challenges, in particular in terms of its agricultural water use, which
represents about 85% of overall abstraction. Excessive pumping of groundwater has caused water levels
to fall dramatically in some rural areas, as well as salt water intrusion in some coastal aquifers. Illegal
abstractions and discharges pose a hurdle to improving water management. Enforcement of regulations
and water permit conditions has not sufficiently improved.’ (OECD, 2010: 7)

Spain An estimated 510,000 unauthorized wells abstract more than 7,000 m3 each. Illegal water extraction could
reach 3,600 million m3/yr, representing 45% of the total amount of water pumped from aquifers per
year (WWF, 2006a)

In Aquifer 23 (Western La Mancha, Guadiana basin) in 2008, the water authorities estimated that 22,000
unauthorized boreholes existed, compared to 16,000 registered wells (CHG, 2008)

‘In the Guadalquivir River Basin, in 2006 the River Basin Authority reckoned that 10% of the existing
100,000 wells were illegal. A study of 68 farms in the neighbourhood of Doñana National Park showed
that none of the exploitations which were audited was completely in compliance with the law’ (WWF,
2006a: 4)

Italy The estimates are of about 1.5 million unlicensed wells. In eight regions (Abruzzo, Molise, Puglia,
Campania, Basilicata, Calabria, Sicily and Sardinia), about 830,000 ha are irrigated legally while the
total irrigated area reaches about 1.6 million ha. In the Puglia region alone, it is estimated that there are
300,000 unauthorized wells, which provide for one third of the total irrigated area in that region (WWF,
2006b)

Malta ‘Irrigated land amounts to just more than 9% of all agricultural land in the Maltese Islands. Most of it is
found in the Upper Coralline Limestone regions in the north and west of Malta. Historically, the
shallow depth of the perched aquifers and the occurrence of natural springs made water resources for
agriculture more easily accessible. However, in the last decade, a large number of ‘illegal’ boreholes
have been dug, particularly in the main Lower Coralline Limestone aquifers’ (FAO, 2006: 37)

In 2008, according to the Maltese Resources Ministry, the abstraction level of groundwater was around 30
million m3/yr, 7 million m3/yr more than the sustainable yield. According to the Water Services
Corporation, water abstraction in 2007 was 15 million m3, while illegal abstraction was 18.5 million m3

(Times of Malta, 2008)

Source: adapted from Dworak et al. (2010).
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3. Effects of unauthorized water use

Unauthorized water usage can have substantial impacts, both on water users and on the environment.
As mentioned in the introduction, the existence of an authorization to undertake a certain action is no
guarantee that it will have no negative impacts on third parties or the environment. In other words, if the
law does not sufficiently or adequately regulate the use of the resource, it is possible that there will be
negative consequences of water exploitation even if the law is strictly enforced. Nonetheless, in devel-
oped economies, it is usually unauthorized water use which is more often associated with the impacts
described below.
First of all, the amount of resources available for licensed uses diminishes as unauthorized use

increases. In this context, and particularly due to the nature of groundwater resources, it is difficult
for water authorities to physically determine or even estimate the extent and particular characteristics
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of unauthorized intakes. These can lead to aquifer over-exploitation, with substantial drops in ground-
water levels leaving traditional water users without water in their wells. In Spain this occurs, for
example, in the Segura basin or in the Upper Guadiana (WWF, 2006a). In other Spanish basins the
plummeting of the water table has caused the disappearance of springs. An example of this can be
found in Pegalajar (Andalusia, Guadalquivir basin) where between 1988 and 2008 the drilling of unli-
censed boreholes dried out an historical spring (Fuente de la Reja), which had traditionally been used
for irrigation and is strongly linked to the local socio-cultural identity (Castillo Martín, 2008).
Second, the intense exploitation of an aquifer can result in a wetland’s water input diminishing or

even disappearing, which in turn results in the deterioration of related ecosystems. One of the most
well-known cases in Spain is that of the Las Tablas de Daimiel National Park (Guadiana basin),
where the plummeting of the groundwater level of up to 40 m provoked the complete disconnection
of the Ramsar site from the aquifer and almost caused its disappearance (de la Hera, 1998). In addition
to impacts on wetlands, the decrease in groundwater levels leads to river–aquifer dynamics being
altered, which causes degradation of riparian ecosystems.
Uncontrolled groundwater development can also have linkages to water quality issues such as nitrate

contamination connected with intensive farming practices. In coastal areas, the intense (and often
unauthorized) exploitation of groundwater can cause saline water to enter inland, resulting in freshwater
and salt water mixing in wells and transitional surface water bodies. The lower quality of the available
water in turn affects urban supply, authorized irrigators and aquatic ecosystems that are sensitive to
changes in salinity. An example of changes in groundwater quality can be found in the Crevillente aqui-
fer on the Mediterranean coast. Over the past decades, the water table has sometimes plummeted 30–
40 m within a single year and in some sectors of the aquifer water is now 300 m deeper than it was
originally. Intensive groundwater mining has not only depleted the aquifer but has also degraded
groundwater quality, resulting in a 50% decrease in crop profitability over the last few years (Andreu
et al., 2008).
Another unanticipated consequence of unauthorized use is the increased need for huge public invest-

ment. Due to economies of scale and large upfront investment, many water infrastructures (e.g. dams,
canals, and inter-basin water transfers) are paid for with public money, and the driver for increased
searches for additional water resources development is sometimes the attempt to reduce the effects of
unauthorized groundwater use. For instance, in Spain the Júcar-Vinalopó transfer (Jucar river basin),
estimated to cost €231.5 million in 2006, was partly designed to contribute to aquifer recharge after
overexploitation due to intense, often unauthorized groundwater use. Equally, the Ebro transfer (the
key infrastructure of the 2001 Spanish National Hydrological Plan, now repealed) was estimated to
cost approximately €380 million. One of the rationales for the transfer scheme was that surface water
would reduce the pressure on thousands of hectares of irrigated land (estimated to be about
100,000 ha in the Segura river basin) which were often irrigated without the relevant permits from aqui-
fers used above their renewable or sustainable yield capacity (Albiac et al., 2006: 732).
4. Root causes of unauthorized groundwater uses

The examples of unauthorized water use in southern EU Member States presented in Table 2 suggest
that, in the case of groundwater, the command-and-control approach to water usage often falls short of
delivering its stated objectives (see also Shah et al., 2007). The key underlying factor of unauthorized
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groundwater use is that, for individual users, the net benefits from unauthorized uses often outweigh its
negative consequences. That is, the value of potential gains is perceived to be higher than the anticipated
consequences in terms of drop in water levels, increased salinity or higher energy costs, potential sanc-
tions and risks. In the case of Spain, the economic productivity (€/ha) in irrigated agriculture is about
five times higher than that of rain-fed farming (Aldaya et al., 2010). This is due to a number of reasons:
first, the type of crop that is cultivated through irrigation is usually more profitable and competitive in
market terms (e.g. fruit and vegetables); second, traditionally rainfed crops (e.g. vines and olives), when
irrigated, have higher productivity per hectare; third, the value of land increases notably is it has access
to water: for example, land market prices in Spain show that access to water multiplies the value of land
by a factor of 1.5 for vineyards and by 2 for olive groves (Garrido et al., 2005); fourth, until 2005, irri-
gated land received higher European subsidies because the subsidy calculations were based on
production; fifth, the EU Common Agricultural Policy subsidized the stocking of overproduction for
certain crops (grapes and olives), hence indirectly supporting production. In addition, farmers do
not have to pay for water itself in resource terms (only the costs of abstraction), and do not internalize
external environmental costs associated to irrigation such as diffuse water pollution and habitat
degradation.
The actions of an individual, however, are surely not determined only by the weighing of benefits and

losses, since they are also strongly influenced by social expectations, norms and actors’ social identities
(Stålgren, 2006). These, and the intrinsic nature of groundwater, influence the choice of individual water
users. The next sections analyze these additional underlying factors that contribute to explaining the root
causes of unauthorized groundwater use in Spain.
4.1. The intrinsic nature of groundwater

Groundwater exploitation does not need large upfront investments, as compared to access to surface
water, for example. Hence, individual users like farmers, agri-businesses, or urban developers can access
groundwater resources relatively easily, without the need for external public investment. Depending on
the hydrological situation, investments can be relatively modest, and sometimes in a substantially smal-
ler order of magnitude compared to surface water investments such as dams, water transfers or
desalination plants.
In addition, groundwater offers the advantage that it is more reliable and readily available as a

resource. While surface water users can be cut off from surface water, for instance during droughts,
groundwater users have a built-in resilient system that acts as a kind of insurance against temporary
water shortages.
Furthermore, groundwater is not as visible as surface water, which means that the attribution of

externalities to specific groundwater users is harder to prove, especially when water authorities or
river basin agencies have low capacity and/or expertise to deal with groundwater resources, since
their experience and resources tend to be focused on surface water, rather than on groundwater.
The control and monitoring of groundwater is not necessarily an impossible task with the onset of

new technologies such as remote sensing (Lopez-Gunn & Llamas, 2008) and with a proxy measure
such as electricity connection and billing. However, control and monitoring is inherently more cumber-
some and expensive compared to surface water use, which makes the ‘risk of being caught’ in the case
of unauthorized groundwater use lower than in the case of surface water.
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4.2. Imperfect institutions

A key issue of regulation compliance is related to social capital (Pretty & Ward, 2001), and in par-
ticular to distrust that water users might experience, for example in relation to water authorities,
leading to a decreased legitimacy of official decisions and rules (Lopez-Gunn & Martinez-Cortina,
2006). The reasons for this lack of trust are diverse and might include a past history of inefficiency
or ineffectiveness, or perceived unfairness or arbitrary decision-making on the part of the public
administration. The reasons might also include a lack of ownership of identified solutions to water-
related problems due to the limited involvement of water users in the design of these potential
solutions.
In the case of Spain, the administrative complexity of water rights allocation and management may

discourage water users from pursuing the required permits due to the long timeframe involved (Huertas,
2011 personal communication) and because of the convoluted steps needed to complete the process.
Moreover, complex enforcement rules can overload the responsible authorities, thus decreasing their
ability to respond to users’ requests in a timely fashion.
Enforcement is sometimes hindered by a real lack of technical and human means to effectively detect

and pursue law-breaching activities, especially taking into account the spatially scattered nature of
groundwater intakes to be controlled. Added to this, there can be the complication of a lack of political
will, for socio-political reasons, which translates ultimately into lax enforcement. Indeed, strict enforce-
ment of water usage can be politically highly sensitive and difficult due to the economic, social and
political importance of unauthorized water uses (Dumont et al., 2011).
In some cases groundwater allocation rules are too complex or rigid, giving little space to possible

new needs or changes in water use. In mature water allocation systems, new users or users who wish
to expand their economic activities are constrained by both a physical scarcity of water and a ‘saturated’
system where all available resources have already been allocated, or even over-allocated. In these cases,
with a rigid water rights system that does not allow for a re-allocation of water amongst existing users, or
allow the entrance of new users, this rigidity can itself sometimes trigger non-compliance.

4.3. Social norms

Sometimes social norms accept unauthorized groundwater abstraction and there is no strong social
stigma attached to unlicensed groundwater use. This social tolerance makes it possible for users to
openly associate in order to ask the administration for a negotiated solution, normally consisting of
demands for the legalization of irregular uses and the provision of surface water from other areas, to
decrease the pumping pressure on the aquifer. This occurs in the Loma de Úbeda aquifer (Guadalquivir,
Andalusia) where, since the mid 1990s, olive tree irrigation has had a spectacular and uncontrolled
development, leading to a situation where 90% of the wells used lack a corresponding abstraction license
(Rubiales García del Valle, 2011). Triggered by the drop in water levels, farmers in the area are now
creating farmers’ associations to rationalize aquifer exploitation while asking for the legalization of their
wells. Similarly, on the western borders of the Doñana wetlands (Guadalquivir, Andalusia), a number of
strawberry farmers have developed their activities despite a ban on increasing irrigated land and ground-
water abstraction in the area. This has led to the drilling of about 1,000 unauthorized wells (Junta de
Andalucía, 2010) and a reduction in the water inflows into a protected wetland (Sánchez, 2009). Since
2006, the regional and central governments have been negotiating a solution with some of the stakeholders
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which includes the partial legalization of the unlicensed irrigation farms and the provision of surface water
fromanother river basin (Junta deAndalucía, 2010). In this context, social tolerance can sometimes create a
reverse incentive, because in a system where non-compliance is generalized, breaching the law can seem
the most rational thing to do.
Social acceptance of noncompliance can be partly explained and rooted in different perceptions and

values of what needs to be preserved and how. For example, rural users in some cases perceive that they
should use the resources that are locally available to achieve and maintain their socio-economic devel-
opment, and that people or authorities who are not rooted in the area should not constrain that
development. Others perceive the value of natural ecosystems differently from how they are established
in formal norms, such as under law, and therefore do not share the preservation objectives pursued by
the authorities.
Additionally, society as a whole often reacts only to blatant damage to common interests or goods.

Groundwater resources, however, are largely invisible and unknown to most people. Hence, unauthor-
ized appropriation of groundwater is not obvious, and its impacts are less evident when compared to
other unauthorized activities such as the illegal development of pristine costal land. This is mirrored
by a budding literature on the illegal use of natural resources (Gavin et al., 2009). When unauthorized
use leads to severe groundwater over-abstraction, this rarely translates into the collapse of the economy.
Indeed, other solutions (e.g. water transfers or desalination) are found to sustain the economic interests
created by groundwater, whilst the environmental externalities are discounted or not internalized as a
real cost.
Finally, in some regions, irrigated farming and associated activities (agricultural input services, food-

canning industry, etc.) are major regional or local economic drivers and the main source of income for
the local population. Therefore, strict enforcement of the law has associated real economic losses to the
regional economy, which helps to explain the toleration for non-compliance by the local population and
by the authorities who may turn a blind eye (Dumont et al., 2011). The end result is an overall percep-
tion that users do not have many alternatives except breaching the law if they want to access water,
which is an important source of income.
5. Discussion

As we have seen above, relying solely on command-and-control measures for groundwater regulation
is a simplistic approach to a complex problem, and is very likely to fail, especially if users disagree with
the existing norms and regulations. The question, then, is what institutional, ethical and social consider-
ations can contribute to solving the complex jigsaw of groundwater regulation?
A first consideration is related to the institutional incentives to achieve voluntary regulation compli-

ance and, therefore, to influence the individuals’ behavior beyond the (often weak) threat of punishment.
Theesfeld (2008) observes that voluntary compliance requires that, first, formal legal systems and organ-
izational forms and institutions have to respond to the demands of a society that asks the state to help in
solving an impelling problem. Second, there must be an alignment of formal norms with underlying
social norms and beliefs. Third, the laws and institutions in question must provide solutions for
actual conflict scenarios which take the various interests behind such conflicts well into account.
Fourth, voluntary compliance implicitly assumes a certain level of common understanding and
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knowledge about the resources at stake. All these characteristics are interesting ‘ingredients’ that should
be present when designing any regulatory effort.
A second consideration asks for a higher emphasis to be placed on the role of individuals’ choice in

groundwater use. Indeed, in the end, the final decision on how to use groundwater resources rests with
the individual water user who chooses a behavior influenced by all the highly complex factors outlined
above. These complex factors, however, should not completely cancel individual accountability and its
associated ‘moral’ considerations. When discussing the issue of unauthorized groundwater use, non-
compliance is rarely seen from the perspective of the choice of the individual. A possible reason for
this is that, when there is a ‘tragedy of the commons’ and a problem that involves many individuals,
society looks to the authorities and holds them accountable for not preventing the problem. Therefore,
society asks for a ‘solution of the commons’ which ultimately does not fully hold individuals accoun-
table for their actions.
In Section 3 above, we outlined several negative impacts of uncontrolled groundwater uses, which

include the deterioration of aquatic ecosystems, occupation of protected public lands, deterioration of
water quality for human uses, decrease of water availability for registered users and important public
spending linked to the legalization of unregistered water uses. Additionally, in a democratic system,
the act of breaking a law, even if justified by several complex circumstances, actually erodes the insti-
tutional credibility of the authority, leading to a loop effect: the administration loses credibility, being
even less able to effectively manage the common good and to protect users and the environment in case
of abuse. This leads other users to break the law because they perceive the administration as ineffective
or unable to undertake its work. Moreover, the administration often reacts to its inability to stop illegal
practices by issuing stricter rules that are perceived as even more unjust and difficult to abide. All this
suggests that individual water users do contribute with their individual acts to the negative impacts of
unlicensed over-abstraction and have a crucial role in determining the effectiveness of the whole regu-
latory system. Hence, in order for negotiated, collective solutions to be efficient and durable, these
should also incorporate an acknowledgement of individual responsibility.
A third consideration of how to contribute to an effective groundwater regulation is related to the

desirable increased role of water users in resource management. Increased water user involvement tar-
gets (from the collective perspective) the need to influence individual behaviors. This is implicit in
efforts towards raising the awareness of water users and the public, empowering stakeholders through
participation in decision-making processes and fostering collective action by groundwater users.
These approaches have proved to create an environment favorable to negotiated solutions that contribute
to reducing the pace of water table decline or stabilizing water levels. In Spain, examples of this can be
found in the Upper Guadiana Basin (Zorrilla, 2009; Zorrilla et al., 2010), in the Western Mancha Aqui-
fer, and in the Segura basin (AEVAL, 2010). These initiatives, however, rely on or are linked to
significant public spending (e.g. for the construction of new water infrastructure or for the acqui-
sition/lease of water rights by the water authorities). Sometimes these initiatives achieve their original
objective but other times these do not achieve the recovery of aquatic ecosystems degraded by water
over-abstraction, which seems to indicate that, in groundwater use as elsewhere, environmental conser-
vation is the most challenging part of the sustainable development paradigm (Lopez-Gunn et al., 2012).
This suggests that while water users’ self-organization can contribute to making water abstraction more
rational and efficient (relative to uncontrolled and unorganized action), it also needs to pass the litmus
test of being economically self-sufficient while being compatible with strict environmental objectives
established by law.
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6. Conclusions

In developed economies, groundwater use requires some kind of regulation: top-down regulation, or
users’ self-regulation, or both. This is in order to avoid the strong deterioration of aquifers and the natu-
ral and human systems associated with them. Groundwater is difficult to regulate due to its intrinsic
nature as a common-pool resource. While surface water in arid and semi-arid regions requires costly
infrastructure built with important investments, and unauthorized abstraction is limited to areas close
to waterways, the specific case of groundwater needs less upfront investment and offers endless possi-
bilities for abstraction in multiple (and often widely spaced) water points. Different approaches have
been designed and applied; none, however, has been fully satisfactory so far.
Several aquifers in Spain find themselves in deadlock because of a difficult balance between the economic

benefits brought about by intensive groundwater use and the long-term viability of its use (from an environ-
mental and/or social point of view). A number of issues determine the existence of ‘enabling conditions’ for
having good groundwater governance, and to ultimately influencing an individual’s decision to abide by the
law (or not). In areas where non-compliance of groundwater regulation is generalized, it is common that
society holds the relevant authorities responsible and accountable for the problem (and its solution), without
questioning the actions of individuals in generating the problem. Collective action can contribute to achieve
social peace and a more efficient use of groundwater resources. However, the next challenge is to prove its
capability to substantially contribute to environmental conservation objectives. The combination of collec-
tive action with a stronger emphasis on individual accountability in the maintenance of ecosystems
associated with groundwater could help to successfully link both material, utilitarian values with intangible
ethical values, and to contribute to finding durable and viable solutions to groundwater exploitation.
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