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1. Executive summary
For practical purposes, Case Study 3.4 of the NeWater project has been divided in
three areas: Upper Guadiana basin, Lower Guadiana basin and Transboundary issues.
Reporting-wise the Lower Guadiana and Transboundary sections are amalgamated
into one.
This report corresponds to “Deliverable 3.4.1: Baseline Assessment” of the NeWater
project and refers specifically to water issues in the Upper Guadiana basin1. The
following pages have been prepared by the team from the Universidad Complutense
de Madrid (in cooperation with NeWater partner Universidad Politécnica de Madrid,
Spain and potential NeWater partner Geological Survey of Spain) and draw from a PhD
thesis currently in progress (Martinez-Santos, forthcoming).
The introduction below provides a conceptual overview of intensive groundwater use
for irrigation in arid and semiarid countries, with the emphasis on its implications for the
Upper Guadiana case.
Part three of the report is organised in specific headings as requested by WB3
coordinators. Though this structure does not necessarily suit this case study, the
suggested headings have been largely adopted for reporting consistency with other
sites. Whenever contents overlap, an attempt has been made to refer to relevant
sections of the text.
At the end of the document there are some conclusions whose purpose is to highlight
the main ideas scattered throughout the text. References and annexes are also
included.
This report was originally due by month 4 of the project (April 2005). Project
management changes have delayed this deadline to November 1, 2005.

1

This report is still a draft. Some of the data will be updated thanks to Guadiana RBA willlingness to
cooperate with NeWater.
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2. Introduction
Although highly relevant from the social and political viewpoints, urban and rural supply
only amount to 10-15% of consumptive water uses worldwide. In contrast, irrigation
accounts for a much larger share (about 70% according to United Nations (2003)). This
divergence becomes even more apparent in the case of arid and semiarid regions,
where irrigation may be responsible for over 90% of total water uses.
In many of such places, like the Upper Guadiana basin (UGB), intensive groundwater
use for irrigation plays a significant role in water policy (Llamas and Martinez-Santos
2005a and 2005b)2. Therefore, to understand the current state of water affairs in the
UGB, a brief explanation of what intensive groundwater use entails is in order.
In the last four decades, an increasing availability of cheap drilling and pumping
techniques, together with significant advances in hydrogeology, have led intensive
groundwater use for irrigation to become commonplace not only in the UGB, but also in
many arid and semiarid regions worldwide.
Groundwater offers two significant advantages over traditional surface water irrigation.
For one, aquifer resources are more resilient to droughts. This essentially removes
uncertainty from farmer’s perceptions, since groundwater ensures a reliable water
supply for their crops, even during dry periods. Secondly, groundwater can be obtained
individually whenever required. This is a particularly valuable feature given the timecritical nature of irrigation, as it often enables farmers to by-pass complex and
potentially lengthy negotiations with government officers and other farmers.
Low pumping costs, and mainly security against drought, allow former low-income
farmers to gradually progress into a middle class status. As they become richer and
more educated, farmers feel encouraged to invest in better irrigation technologies
(usually more expensive to implement) and, in turn, in higher value crops. Therefore
intensive groundwater irrigation is largely a market-driven phenomenon3.
In addition, intensive groundwater irrigation is an excellent catalyst for positive social
transition. As groundwater farmers become wealthier, they are soon able to provide a
better education for their children who, in turn, have the opportunity to be trained as
teachers, technicians and so forth. Thus, groundwater development contributes
decisively to the overall progress of society within two or three generations (Moench
2003).
The UGB, located in central Spain, provides an illustrative example of the above. Since
the 1960s, intensive groundwater use for irrigation has become widespread in the
region, triggering abundant social and economic benefits to a predominantly rural
population (Viladomiu and Rosell 2002, Hernández-Mora 2002). This has not been the
only positive effect of groundwater pumping. Dropping aquifer levels have also led to a
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A further analysis on the social and economic implications of this development (termed by some a Silent
Revolution), and the general pattern of events associated with it, have been discussed by Llamas and
Martínez-Santos (2005a and 2005b) and Garrido et al (in press).
3
Pumping may cause significant declines in the water table, and therefore increase the cost of obtaining
groundwater. However, this does not usually deter farmers, as mounting pumping costs generally do not
exceed a very small fraction of crop value. Though crop value is subject to climatic and social variables,
cropping patterns and trade constraints (and therefore varies widely with each setting), its ratio to pumping
and irrigation cost is usually greater than 20 (Llamas and Martínez-Santos 2005a)
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significant increase in the area’s renewable groundwater resources4 (Bromley et al
2001, Martinez-Cortina 2002).
On the other hand, since water planners and decision-makers are inclined to focus on
surface water infrastructures, intensive groundwater development is usually carried out
by individuals (Llamas 2003). As a result, groundwater development is often anarchical
from the outset, and eventually tends to raise concerns regarding its sustainability5.
The UGB is no exception to this rule. Water table drawdowns arising from uncontrolled
groundwater withdrawals have caused some negative environmental impacts upon
groundwater-dependent wetlands, streams and rivers6. Perhaps the better known case
of wetland degradation in the area is Las Tablas de Daimiel National Park (protected
by the Ramsar Convention since 1971 and declared a part of the Mancha Húmeda
Biosphere Reserve by UNESCO in 1980) (Llamas 1988 and 1989, De la Hera et al
2002).
In this regard, the UGB is particularly interesting due to the simultaneous occurrence in
time of pumping-based social and economic development and the awakening of a new
environmental consciousness in society7. This synchronism, aggravated by other
causes, is at the very heart of today’s UGB water conflicts.
The following pages provide a multi-faceted analysis of the current state of water affairs
in the UGB. Unless otherwise specified, the text refers to the Mancha Occidental
aquifer (UH04.04). This is a direct consequence of its hydrological, social and
economic prominence in the UGB territory.
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The results of piezometric declines have been two-fold. First, a significant decrease in evapotranspiration
3
from wetlands and the water table (from about 175 hm /year under quasi-natural conditions to less than 50
3
hm /year today). And second, a considerable increase in induced recharge to aquifers from rivers and
other surface water bodies. As a result, more water resources have become available for other uses
(mainly irrigation).
5
When referred to aquifer resources, overexploitation is a complex and manifold concept, prone to
simplistic interpretations (Custodio 2002).
6
Under semi-natural conditions wetlands totalled about 25,000 ha. This area is now reduced to only 7,000
ha. In addition, some rivers and streams that were naturally fed by the aquifers now have become net
losing rivers.
7
In many arid and semiarid regions, like California, intensive groundwater use led to the disappearance of
wetlands decades ago (California Coastal Commission 1994). Back then, aquatic ecosystems were often
considered improductive land, prone to becoming a source of illnesses. Much of their interest focused on
potential ‘reclamation’ of land and water resources for agriculture. In the case of the UGB, official policies
were designed to dissicate Las Tablas de Daimiel National Park in the late 1950s (Carrasco 2002, Olmedo
2002). Since the dawn of the ‘Green Revolution’ in the 1970s, however, these perceptions are gradually
changing.
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3. Geographical description
3.0 Historical introduction to Upper Guadiana water affairs8
Overview
The Upper Guadiana basin presents a unique example of a semiarid region where
groundwater use has helped transform a largely poor rural region into a prosperous
agricultural and industrial centre. From an economy largely based on wheat, vines and
sheep rearing, the area has experienced a transformation into what is today: a vibrant
and economically viable region that no longer depends exclusively on agriculture
(Hernandez-Mora 2002, Llamas 2005)9.
Irrigated agriculture in the UGB existed prior to the 1960s, particularly in the area’s river
plains (where water was easily accessible). In the 1960s, Peñarroya dam was built to
allow for surface water irrigation of 7,000ha in nearby Argamasilla de Alba, Tomelloso
and Campo de Criptana10.
However, it was groundwater development (instigated by the National Colonisation
Plan’s wells in Llanos del Caudillo) that soon took over and became the real turning
point for the area’s agriculture. As well drilling and pumping technologies became
widespread, farmers discovered the advantages of groundwater irrigation, namely,
ready-availability of water for irrigation and resilience against drought. Thus,
groundwater agriculture, almost exclusively driven by the private initiative, experienced
a spectacular growth between the 1970s and 1990. Today, groundwater-dependent
agriculture is the main water consumer in the area, accounting for 90% of the total
water use (Carrasco 2002).
Encouraged by the prospect of higher revenues, many farmers switched from dryland
to irrigation crops. Álvarez Cobelas and Cirujano (1996) estimate that, by 1990, total
groundwater irrigated area had increased to 130,000-145,000ha. In contrast, surface
water irrigation only accounted for 12,000ha by 2001 (CHG 2001).
The Mancha Occidental aquifer (UH 04.0411 in Figure 1) catered for the best part of this
development. Only four municipalities (Alcazar de San Juan, Daimiel, Herencia and
Manzanares), made up for over a half of the total irrigated surface and water
consumption.

8

Figure 2, at the end of this section, provides a timeline of water-related events in the Mancha Occidental
aquifer (the most relevant hydrogeological unit from the hydrological, social and economic point of view,
see 3.3 and 3.4). Most issues raised in this section are developed further throughout the rest of the
document.
9
Llamas and Custodio (eds) (2004), and Sahuquillo et al (eds) (2005) provide an variety of interdisciplinar
analyses of over thirty case studies concerning intensive groundwater use in arid and semiarid settings
worldwide.
10
An A3 map of the area is provided in the annexes.
11
UH refers to Hydrogeological Units (see 3.2). UH04.04 Mancha Occidental aquifer is often referred to as
‘Aquifer 23’ (a former official denomination).
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Figure 1. Geographical setting of the Upper Guadiana basin and its hydrogeological units. Blue outlines
refer to administrative river basin boundaries, black polygonal outlines define hydrogeological units.
Modified from IGME (1999).

From 1985, the EU Common Agricultural Policy (CAP) favored water-intensive crops
like sugar beet, maize, sunflower or alphalpha. For instance, in the mid to late 1980s
there were approximately 20,000ha of maize under irrigation, requiring an average
yearly water dose of 9,000m3/ha/yr (Viladomiu and Rosell 2002). In contrast, political
measures triggered a recoil in the area’s traditional (and more water efficient)
agricultural practices12: only between 1991 and 1996, 21% of the vineyards in
Villarrobledo, 15% of those in Socuellamos’ and 12% of Tomelloso’s were taken off
(Tarjuelo 1999), for a total decrease in rainfed13 vineyards of nearly 200,000ha (Rosell
and Viladomiu 1999).
Agriculture remains a significant economic activity in the Mancha Occidental aquifer,
catering for about 40% of the area’s employment in 2000 (and seemingly up to 60% in
some municipalities). In addition, a considerable share of the industrial sector (12% of
the overall employment) focuses on agricultural practices (Olmedo 2002).
Widespread pumping, aquifer depletion and remedial measures
While groundwater-based agriculture triggered significant social and economic benefits
to the region, the effects of uncontrolled aquifer withdrawals were soon felt. Official
data states that pumping in the Mancha Occidental aquifer consistently exceeded
500Mm3/yr between 1985 and 1990 (CAMA 1997), well over the aquifer’s 320Mm3/yr
natural renewable resources (official RBA estimate (CHG 2005a)).
Aquifer levels dropped considerably between 1975 and 1990. Average drawdowns of
30m in some areas (Fornes and Llamas 2004) led the Guadiana RBA to pass
‘provisional’ and ‘definite’ declarations of aquifer ovexploitation for the Mancha
Occidental and Campo de Montiel14 aquifers between 1987 and 1994. These
declarations, binding under the 1985 Water Act, essentially implied an obligation to
constitute water user associations (often named ‘irrigation communities’ due to the

12
Under the 1985 CAP, subsidies were offered to farmers in exchange for uprooting vineyards (Viladomiu
and Rosell 2002).
13
Vineyards are traditionally considered a dryland crop. Vineyard irrigation has become commonplace
only in recent years (much like olive trees), despite being officially banned (Olmedo 2002). The ban has
semingly been lifted, as the new Upper Guadiana plan allows some ‘supportive’ irrigation to vineyard
crops.
14
Llamas (1994) argues that de declaration of overexploitation in UH04.06 was probably more related to a
political motivation than to hydrological constrains.
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strong presence of farmers), a ban from drilling new wells or deepening existing ones,
and yearly restrictions in groundwater abstraction.
While the first of these measures was implemented, the other two were rendered
ineffectual due to practical constrains. This is largely a consequence of the implications
of the 1985 Water Act.
The 1985 Water Act declared groundwater a public good (as opposed to its
predecessor, the 1879 Water Act, through which groundwater had always been under
private ownership). This new regulation had strong implications in water policy. First
and foremost, River Basin Authorities (RBAs) suddenly acquired competences over
groundwater, a resource they were largely unsuited to manage; secondly, groundwater
users were compelled to join either the Groundwater Registry or the Catalogue of
Private Waters15; and thirdly, illegal wells became widespread.
The drilling ban, far from preventing the appearance of new wells, met with an
insubmissive attitude on the part of farmers. As the RBA had neither the expertise, nor
the economic means or the human resources to control thousands of individual
farmers, illegal well drilling became rampant (CHG 1995). According to a former RBA
president, an estimated 20,000-30,000 illegal wells (between 1 and 2 per km2) were
operational in the UGB by 2002 (Rodriguez de Liebana 2002). The RBA currently
acknowledges that this figure is now in the order of 60,000 (between 3 and 4 per km2)
(CHG 2005b, p42). In this situation, any restrictions on groundwater abstraction were
(and still are) obviously futile.
Pumping restriction plans, together with the practical implications of the 1985 Water
Act, led to a multitude of lawsuits (over 5,000, most of which are still unresolved)
between farmers and the RBA. Further complexity was added to the problem by the
fact that the Castilla-La Mancha16 and the Extremadura regional courts differ in their
interpretation of the law (Garcia Carretero 2002).
Intensive aquifer use in the UGB also triggered some environmental effects. Falling
piezometric levels led to a significant loss of groundwater-dependent ecosystems. Out
of the UGB’s 25,000ha of wetlands in the 1970s, only about 7,000ha were left in 2002
(De la Hera 2002, De la Hera et al 2002). On the other hand, intensive pumping led to
a considerable increase of aquifer renewable resources (Martínez-Cortina 2002).
Las Tablas de Daimiel National Park (part of UNESCO’S Mancha Húmeda Biosphere
Reserve since 1980, and protected by the Ramsar Convention) is probably the better15
The 1985 Water Act required that all new wells should be inscribed in the Groundwater Registry. In
doing this, well owners need to ask for an administrative concession in order to acquire limited pumping
rights over a public good (groundwater). The Water Administration (RBA) can restrict these rights in certain
circumstances, for instance when an aquifer is declared ‘overexploited’. The 1985 Water Act posed a
choice to those users whose wells were drilled before 1986: either join the Registry (thus maintaining their
water under private ownership for 50 years, after which the water becomes public) or the Catalogue of
Private Waters (water remains private perpetually, but without administrative protection under the new
law). The Registry was closed by the end 1988 and the Catalogue during 2001, although it seems that a
significant number of wells were left out (García-Carretero 2002 and Fornes et al 2004, provide a more in
depth analysis of the legal aspects of groundwater in Spain).
16
For administrative purposes, Spain is divided in seventeen Comunidades Autónomas (Autonomous
Communities, sometimes these also referred to as regions) and two Northern-African Ciudades
Autónomas (Autonomous Cities) since 1985. Some Autonomous Communities are in turn divided in
provincias (provinces). While Spain is not a federal country, Autonomous Communities have their own
governments and competences of their own, and their degree of self-determination is very significant in
some respects (take for instance agriculture, environment and land-planning). The UGB is located within
the southeastern area of Castilla-La Mancha Autonomus Community (which comprises the Ciudad Real,
Cuenca, Toledo, Albacete and Guadalajara provinces). See annex map.
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known case of wetland degradation in the area. Due to pumping, the park experienced
a dramatic decrease in flooded surface from 2,000ha (natural conditions) to an all-time
low of 75ha in 1990 (De la Hera 2002). Despite (or perhaps thanks to) its poor
condition, Las Tablas de Daimiel National Park, became an icon for environmental
conservation groups, and in turn a source of dispute between them and farmers.
The EU’s Agro-Environmental Programme
Water issues in the UGB reached a climax during the 1991-1995 drought, perhaps the
most significant one experienced by Spain in the 20th Century. The drought took place
at a time when aquifer levels had dropped by 30m in some areas of the Mancha
Occidental aquifer.
At the time, the RBA attempted to impose pumping restrictions on farmers. These
were, however, unsuccessful due to the practical constrains outlined some paragraphs
above. In addition, pumping restrictions were highly unpopular, as they triggered
significant negative consequences for farmer incomes17.
Partly as a result, the Castilla-La Mancha regional government implemented an
alternative solution, passing the Agro-Environmental Programme (AEP) in 1993 under
CAP regulation 2078/92. The AEP (initially five years long) was extended first in 1998,
and again in 2003. The programme is still running, though it seems that it will definitely
expire in 2007 (CHG 2005b)18.
The 1993 AEP was essentially intended to serve two main objectives, one social and
one environmental. For one, the programme aimed at ensuring the survival of
agriculture in the area during the early 1990s drought. Secondly, irrigation cuts would
ideally lead to the recovery of aquifers and hence, of Las Tablas de Daimiel National
Park.
While yearly pumping plans were based on compulsory restrictions, the AEP was
conceived as a vehicle to compensate farmers for income losses associated to
voluntarily cutting down on water use. From the outset, this new approach to the
problem met with a significant degree of success: about 3,000 farmers had adhered to
the programme by 1997 (Viladomiu and Rosell 1997).
Farmers were offered the possibility of cutting water use by 50%, 70% or 100%, and
compensated accordingly. Most farmers chose the second option, receiving subsidies
in the order of 300€/ha. Apparently, payments up to 420€/ha were made in some cases
(Lopez Gunn 2003).
Aquifer levels recovered up to 10m after the 1991-1995 drought, raising optimistic
claims about the subsidies policy (Menendez 2001). However, while it appears clear
that the AEP contributed partly to aquifer recovery, some authors remain somewhat
skeptical.
Heavy downpours during the 1996-1998 period are often seen as a more direct cause
of aquifer recovery, particularly since further AEP payments have not prevented water
table drawdowns in ensuing years. In addition, some authors note that adhesion to
AEP subsidies did not necessarily imply water savings in all cases. The 50%, 70% and
100% options were calculated with respect to an average water consumption of
17

Farmer income losses associated to pumping restrictions in the early 1990s were in the order of 46M€,
equivalent to 356€/ha for an estimated surface of 130,000ha (Viladomiu and Rosell 2002).
18
The AEP is funded mostly by the EU, with some contributions on the part of Spain’s Ministry of
Agriculture (12.5%) and the Department of Agriculture and the Environment of Castilla-La Mancha’s
regional government (12.5%) (Olmedo 2002).
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4,200m3/ha/yr. Parallel pumping restriction plans ran simultaneously to the AEP, and in
some cases limited the allowed water consumption to farmers to a significantly smaller
volume. Therefore, adhering to the AEP meant more available water resources for
some farmers (Viladomiu and Rosell 2002).
Moreover, farmers owning dry wells (particularly those whose farms are located
towards the edges of the aquifer) had theoretical groundwater rights but no real access
to groundwater resources. It is sometimes argued that these would have been quick to
apply for economic compensation in exchange for a fictitious cut on water use (Lopez
Sanz 1996 and 1997, Viladomiu and Rosell 2002). Finally, Carrasco (2002) points out
that the AEP achieved temporary water savings, rather than lasting changes in the
area’s irrigation sector.
Reforms associated with the 1998 and 2003 renewals of the AEP seemingly caused
farmers (particularly large land-owners) to detach their land from the programme. It is
estimated that out of the 85,000ha under the AEP in the mid1990s, only about
20,000ha remain today (see 3.5.2).
The Tajo-Segura water transfer
A mention should be made to the Tajo-Segura water transfer, operational since the
1970s. The 300km transfer currently links the Tajo and Segura basins through UGB
territory, and presents a nominal conveyance capacity of 1,000Mm3/yr. The maximum
volume that can be legally transferred within a single year is however restricted to
600Mm3, and the average conveyance is in the order of 300Mm3/yr (Gascó et al 2004).
In the late 1980s, the transfer was identified by the water administration as a transitory
solution to keep Las Tablas de Daimiel National Park ‘alive’. Thus, Tajo-Segura flows
(up to a yearly 30Mm3) have been diverted into the park since 1989 in order to ensure
some degree of flooding.
This measure did not only serve an environmental purpose, but was also intended a
means to mitigate conflicts between farmers and conservationist groups. However, the
end result was somewhat different. Though theoretical ‘winners’, conservationists still
claim that quality issues may cause transferred water to impact wetlands negatively. In
addition, diverting Tajo-Segura flows to Las Tablas de Daimiel has caused riverine
wetlands associated with the Gigüela river to disappear (De la Hera et al 2002, De la
Hera 2002). The total loss is seemingly equivalent to Las Tablas de Daimiel National
Park in terms of wetland area.
Parallel to this, UGB farmers are increasingly disputing the rights of the Segura basin
to receive transfer flows (see 3.12). Their claims has been the subject of a heated
political debate between current recipients of the transfer (represented by the Murcia
and to a lesser extent Valencia autonomous governments) on the one hand, and
Castilla-La Mancha on the other.
Overall, social conflicts between farmers, conservationists and the RBA have led to a
widespread sense of mistrust. A direct consequence of this is the current lack of
transparency over water data in the UGB. No reliable estimates seem to exist as to
irrigated surface, number of wells or groundwater pumping (see 3.5.2).
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The future
While the system has not collapsed, it is generally accepted that the current state of
affairs in the Mancha Occidental aquifer is unsustainable19. As a result, the 2001
National Water Plan demanded that a special plan should be implemented for water
resources management in the UGB within that year.
The first draft of the plan came out almost two years later (early 2004), but was
rejected after public consultation and changes in Spain’s central government. A set of
guidelines for a new draft became public in July 2005, and it is expected that the new
plan will come out for public consultation before 2006.
As the Water Framework Directive looms over future water policy, uncertainties such
as the impacts of a new CAP, EU’s preferential agreements with Magreb countries, or
a hypothetical entrance of Turkey in the EU may heavily conditition UGB development.
Identifying the more resilient aspects of the system within this context, as well as its
key drivers for change, is essential to evaluate potential future scenarios and to devise
a sustainable (and adaptive) water policy. However, this necessarily requires an effort
in terms of transparency from all stakeholders.
Figure 2 overleaf provides a historical overview of the issues discussed in this section.
The figure refers specifically to the Mancha Occidental aquifer, the most significant in
the UGB from the hydrological, social and economic points of view (see 3.3 and 3.4).

19

Sustainability is a manifold concept still subject to debate. A series of theoretically unsustainable
practices may end up triggering sustainable development in some cases (Price 2002). In this particular
case, unsustainable means that aquifer withdrawals currently exceed renewable resources. As shown by
Custodio (2002), this perception may lead to simplistic interpretations.
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Figure 2. Historical evolution of water events in the Mancha Occidental aquifer (UH 04.04). Water table
levels measured at Guadiana RBA piezometer 2029.4.0011 (Martinez-Santos, forthcoming).
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3.1 Physical geography
The Upper Guadiana basin (UGB) spans about 16,000km2 of the southeastern part of
Spain’s Central Plateau. Half of this surface is located within the province of Ciudad
Real, while three other provinces of the Castilla-La Mancha Autonomous Community
(Cuenca, Toledo and Albacete) account for the rest.
Natural limits to the UGB are the Altomira range to the north, the Toledo range to the
west, the Albacete plain to the east and the Campo de Montiel plateau to the south
(see map in the annexes). El Vicario dam is generally taken as the southwestern limit
to the system.
Rolling plains dominate a landscape where no well-defined natural drainage networks
exist. Aquifer formations abound, and the interactions between surface and
groundwater bodies are highly significant (as well as complex).
UGB hydrological settings result in the existence of approximately 250km2 of wetlands,
some of which were declared Biosphere Reserve by UNESCO in 1980. Some others
are currently protected by the RAMSAR Convention (De la Hera 2002). The main
wetlands of the system are Las Tablas de Daimiel National Park (1,000-2,000ha in
undisturbed conditions) and the Lagunas de Ruidera (3,500ha).
As it will be shown further on, groundwater is the key water resource in the UGB. For
working purposes, scientists and managers alike often refer to the area’s
hydrogeological units (UHs) as shown in Table 1.
Table 1. Hydrogeological units of the UGB.
Hydrogeological Unit (UH)
04.01
04.02
04.03
04.04
04.06

Name
04.01 Sierra de Altomira
04.02 Lillo-Quintanar
04.03 Consuegra-Villacañas
04.04 Mancha Occidental
04.06 Campo de Montiel

2

Surface (km )
2,951
1,072
1,409
5,261
2,791

A Hydrogeological Unit (UH) is essentially a legal figure established to facilitate
administrative tasks in aquifer management. Individual UHs are defined by River Basin
Plans and may refer to one or more aquifers (IGME 1999). In most cases, Spain’s
RBAs have adopted UHs as suggested by the Geological Survey of Spain. UH limits
are currently being revised in order to adapt them to the requirements of the Water
Framework Directive.

3.2 Climate
The UGB presents a continental Mediterranean climate where temperatures range
widely (reaching over 40ºC in summer and dropping as low as –10ºC in winter).
Average temperatures in January and July are 5ºC and 25ºC respectively, whilst
insolation ranges between 2,600 and 2,900 hours a year.
The UGB is one of Spain’s driest areas, with an average rainfall of 415mm/yr.
Precipitation phenomena are often heavy, localised and sporadic, and significantly
more abundant during spring and autumn. Summer months are particularly dry (Figure
3).
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Figure 3. Relationship between average monthly rainfall and temperature in Las Tablas de Daimiel
National Park (1904-2002 period). The area presents a continental Mediterranean climate, with hot dry
summers and temperature and rainfall values close between themselves and to the average for the
remaining part of the year (Martinez-Santos et al 2004).

At the macro scale, unusually wet periods alternate with long droughts, which often
expand over several years. Overall, dry periods tend to last longer while wet ones are
usually shorter and significantly more intense. Figure 4 provides an overview of the
evolution of rainfall in Las Tablas de Daimiel in the recent past.

Figure 4. Cumulative deviations from the average yearly rainfall in Las Tablas de Daimiel National Park
between 1976 and 2002. Modified from Martinez-Santos et al (2004).

Average yearly runoff is 30mm, Spain’s lowest for catchments and sub-catchments
comparable in size (De la Hera 2002). Potential evapotranspiration has been
calculated by Penman’s method to be between 950mm/yr and 1250mm/yr, while real
evapotranspiration is, on average, between 330mm/yr and 400mm/yr (Martínez Cortina
2002).
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3.3 Water resources and hydrology
The UGB’s water regime is characterised by a strong and complex interaction between
surface and groundwater bodies.
UGB surface water resources in the UGB are subordinated in importance to
groundwater resources. While the former are under direct control of the Guadiana RBA
(and do not seem to pose any major difficulties from the management point of view),
the later are partly beyond the RBA’s control, and present significant uncertainties.
Aquifer knowledge is only adequate to an extent.
3.3.1

Surface water

Hydrographical network
Under natural conditions, UGB rivers present a significant degree of interaction with
aquifers, switching between losing and gaining behaviour both along their courses and
with time.
Figure 5 shows some of the most relevant surface water features of the UGB. The
main tributaries of the Guadiana river in the UGB are Záncara, Cigüela and Alto
Guadiana. The first two run along low-permeability formations, and thus present
irregular flows, heavily dependent on rainfall events. The Alto Guadiana stems from a
karst aquifer (Campo de Montiel), and drains permeable materials. Hence, it presents a
stable baseflow until it reaches the Mancha Occidental aquifer, where it gradually
infiltrates and eventually disappears. Surface water is ultimately collected by El Vicario
dam (33Mm3 storage capacity), just downstream Las Tablas de Daimiel National Park.
Surface water infrastructures
It is estimated that El Vicario dam received an average 400Mm3/yr for the 1940-1995
period. Out of that volume, approximately 70% corresponds to baseflow from the area’s
aquifers, a percentage that increases in dry years (Young 1996, Martinez-Cortina
2002).
Peñarroya dam, built in the 1960s, collects excess water from the Lagunas de Ruidera
and from the Campo de Montiel aquifer. The dam is located upstream the Alto
Guadiana river and presents a storage capacity of 50Mm3.
There are another two small dams in the UGB: Vallehermoso (7Mm3) located in the
Azuer river, and Puente Navarro (2Mm3), whose function strictly environmental and
related to the welfare of Las Tablas de Daimiel National Park. Finally, there are several
other dams under study (CHG 2001). All dams in the UGB are managed by the
Guadiana RBA.
An important feature in the area’s surface water resources is the Tajo-Segura transfer,
operational since the late 1970s. Until recently, the transfer’s only input to the UGB was
limited to 30Mm3/yr (with a maximum 60Mm3 over three years). This volume was
almost exclusively destined to meet the environmental needs of Las Tablas de Daimiel
National Park. The rest of the transfer’s 300Mm3/yr average conveyance is received by
neighbouring Segura basin. These figures may change in the near future (see 3.12).
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Figure 5. Surface water features of the UGB (Martinez-Cortina 2002).

Dropping groundwater levels have led UGB farmer lobbies and regional authorities to
identify the Tajo-Segura transfer as a potential means to solve their water problems.
Their argument is based on a geographical/administrative premise: both the transfer
uptake (Upper Tajo basin) and the UGB are located within Castilla-La Mancha
autonomous region (while the Segura basin is located mostly within the Murcia
autonomous region). Under this administrative division, Upper Guadiana farmers feel
they have a right to claim ‘Mancha water for Mancha people’. Segura farmers (and
authorities), currently on the receiving end of the transfer, object strongly to this
argument (see 3.12). While the final outcome of such controversies remains unclear,
for the moment it seems that the 2005 National Water Plan has approved a diversion of
60Mm3 from the transfer for Upper Guadiana urban supply.
3.3.2

Groundwater

Hydrogeology in the UGB is naturally characterised by a high interrelation between
surface and groundwater bodies. Dynamic equilibrium between surface water pockets
(small depressions) and the underlying aquifers results in a series of lagoons and
wetlands of unique ecological value (Martínez-Cortina 2002, De la Hera 2002).
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Aquifer geometry and hydrogeological parameters are yet to be accurately determined.
However, there seems to be little doubt about the UGB’s mechanisms of groundwater
flow, even if heavy pumping currently conditions aquifer dynamics (Cruces and
Martínez-Cortina 2000).
Hydrogeological Unit 04.04
As stated before, the UGB is divided in five hydrogeological units (UH): Sierra de
Altomira (UH 04.01), Lillo-Quintanar (UH 04.02), Consuegra-Villacañas (UH 04.03),
Mancha Occidental (UH 04.04) and Campo de Montiel (UH 04.06). These account for
an approximate surface of 16,000km2.
With 5,500km2, the Mancha Occidental unit is central to the whole system, not only
from the hydrogeological viewpoint but also in terms of population and economic
activity (see 3.5). Therefore, this section focuses particularly on this hydrogeological
unit20.
Table 2 provides a geological overview of the Mancha Occidental aquifer. Although
geological boundaries and interactions are complex, the Mancha Occidental aquifer is
known to be fed by the Sierra de Altomira and Campo de Montiel units at an
approximate rate of 10Mm3/yr and 50Mm3/yr respectively. The Mancha Occidental
aquifer is in contact with the Mancha Oriental unit (Jucar river basin) along the eastern
border (Martínez-Cortina 2002). The divisory shifts with time depending on piezometric
variations. Towards the southwest, the Mancha Occidental aquifer is enclosed by
impervious materials. Maximum aquifer thicknesses are observed in the central areas,
while permeable formations are thinner towards the edges.
Main water inputs to Mancha Occidental aquifers are rain and lateral flow from other
units. Infiltration from surface water bodies also plays a part when river levels are
above the water table. In some areas, the jurassic/cretacic aquifer presents a higher
piezometric level than the pliocene/miocene one, and thus recharges it from below.
Input parameters are often difficult to calculate, and estimates vary significantly.
In natural conditions, aquifer outputs include spring dicharge (particularly through the
Ojos del Guadiana springs, dry since 1983), and evapotranspiration from the
unsaturated zone (as well as from rivers and wetlands). This later parameter is
particularly difficult to quantify, as flooded surface in wetlands varies significantly from
year to year and no direct measures of evapotranspiration exist.
Table 2. Geological overview of the Mancha Occidental aquifer (Martínez-Cortina 2002).
UH04.04

Upper aquifer

Materials

Thickness (m)

Transmissivity
2
(m /d)

Storage
Coefficient

Pliocene/
Quaternary

Detritic

Up to 60

<500

0.01-0.1

Upper Miocene

Limestones and
marls

Up to 200

Up to 20,000

0.015-0.05

Geology

Intermediate aquitard
Upper Cretacic
Lower aquifer

Jurassic
Lower Jurassic

Limestones
Oolithic
limestones
Dolomites

25

200-5,000

60

6,000

60

500-5,000

-3

10 -10

-4

20

Groundwater abstraction in Sierra de Altomira, Lillo-Quintanar and Consuegra-Villacañas UHs is barely
significant. The first presents a hilly topography which restricts agricultural activity to small valleys, while
water is frequently brackish in the other two (Acreman (ed) 2000a).
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Figure 5 shows a geological cross-section of the Mancha Occidental aquifer (Garcia
Rodriguez and Llamas 1992). Groundwater flow is observed to follow a westward
trend, from the recharge areas (Campo de Montiel plateau) to the main discharge zone
(Las Tablas de Daimiel National Park and surroundings). The 1972 water table can be
considered quasi-natural, with infiltrating rivers (Azuer, Alto Guadiana and Zancara)
and springs (Ojos del Guadiana and to the west of Villarrobledo). Overall, the water
table was significantly below the surface, a significant explanation for the region’s
typically dry landscape. An exception to this rule were several depressed areas
(particularly in the Daimiel area), where surface water, groundwater or interaction of
both often resulted in permanent wetlands. Aquifer discharges were concentrated in
the Ojos del Guadiana springs and Las Tablas de Daimiel, as well as along river
courses and other wetlands.

Figure 6. Geological cross section of UH04.04. Modified from Garcia Rodriguez and Llamas (1992)

The 1992 water table corresponds to a highly disturbed condition. Intensive
groundwater use for irrigation, particularly in the late 1980s, significantly modified the
system. An average decline of 30m in piezometric levels (1980-1992) have dettached
the aquifer from surface water bodies in many areas. A considerable share of the
area’s wetlands have dissapeared as a result. In addition, flow dynamics have
changed. Groundwater does no longer flow westward, but rather towards the centre of
the aquifer (where the main pumping cones are).
Under natural conditions, UGB evapotranspiration from the water table amounted to
175Mm3 (125Mm3 of which took place in the Mancha Occidental aquifer). Coinciding
with the disappearance of wetlands (see 3.6), evapotranspiration values have
decreased dramatically to 50Mm3/yr during the 1990s (only 10Mm3 in the Mancha
Occidental aquifer). As a result, renewable aquifer resources have increased from 260300 Mm3/yr under natural conditions to 385-425Mm3/yr in the current situation (Bromley
et al 2001, Martínez-Cortina 2002). This is because aquifer resources that would
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otherwise be lost to the atmosphere are currently too deep to evapotranspire, and can
be used instead by the human being.
As stated at the beginning, heavy pumping has been the main aquifer output for the
last two decades. It is estimated that the current groundwater storage depletion
(induced mostly by pumping for irrigation) only in UH04.04 amounts to 3,000Mm3.
Uncertainties in UH04.04 pumping outputs
Table 3 shows Guadiana RBA estimations for groundwater pumping in UGB aquifers
(CHG 2005a). While the RBA probably offers the most reliable pumping estimates,
these should still be approached with some care.
Table 3. Groundwater resources in the UGB (CHG 2005a).
Infiltration:
rain +
rivers
3
(Mm /yr)

Infiltration:
excess
irrigation
3
(Mm /yr)

Tranferences
Tranferences
from other
to other units
21
units
3
(Mm /yr)
3
(Mm /yr)

GW
pumping*
3
(Mm /yr)

UH

Geology

Surface
2
(km )

04.01

Jur-CretTertiary

2,951

135

0

-

10

20

Tertiary

1,072

26.6

-

-

-

12

1,409

15

2.1

-

-

20.3

5,261

260

20**

60

-

200

2,791

126

-

-

40

35

04.02
04.03
04.04
04.06

Camb-TertPlio Q
Mesoz-TertPlio Q
Jur-CretPlio Q

Salinity
(ppm)
2103300
3005300
2103300
1806210
2003500

*Data from different years (depending on available information).
**According to the source, these ‘cannot currently be considered resources’.

Take for instance UH04.04, for which the RBA estimates total pumping at 200 Mm3/yr.
This figure is undated, and therefore difficult to interprete. It may refer to pumping in the
mid1990s (or perhaps to this day, but only taking into account legal wells with metering
devices). The RBA itself provides a different estimate in the document of guidelines for
the new Upper Guadiana water plan (348Mm3 for the year 2003) (CHG 2005b).
Official measures applied in the 1990s, together with a switch towards more waterefficient crops (see 3.5.2) may have contributed to reduce pumping in recent years.
Within this context, it seems plausible that today’s withdrawals could total below 1988’s
all time maximum (570Mm3)22. Nevertheless, the 348Mm3 estimate is also burdened
with some uncertainty, since it is calculated indirectly from estimated irrigation
requirements per crop and legalised irrigation surface23. Moreover, this figure also
ignores the existence of a significant number of illegal wells (Table 4).
Water table monitoring suggests that pumping still exceeds renewable aquifer
resources. A recent report states that UH04.04 water table levels have been observed
to drop at an approximate average rate of 1-2m/yr over the last five years (IGME 2004).

21

Lateral flows from from UH 04.01 and 04.06 only total 50Mm3, whereas UH04.04 receives 60Mm3/yr.
The source (CHG 2005a) does not state where the missing 10Mm3 come from. Other chapters of the same
3
3
report state that UH04.06 yields 50Mm /yr, so it is plausible that the 40Mm /yr figure may be a
typographical mistake.
22
Although it is generally recognised that all-time maximum pumping took place around 1988, estimates
for that year often differ. For instance, Carrasco (2002) reports 623Mm3, while Varela et al (2002) and
Martínez-Cortina (2002), based respectively on data from the Regional Department for the Environment
3
3
and the RBA, quote withdrawals at 570Mm . Acreman (ed) (2000b) establishes this figure over 650Mm .
23
Irrigation surface poses another considerable uncertainty in UGB water data (see 3.5.2).
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Table 4. UGB inventory of wells (modified from CHG 2005b, p42)
Hydrogeological Unit (UH)
04.01 Sierra de Altomira
04.02 Lillo-Quintanar
04.03 Consuegra-Villacañas
04.04 Mancha Occidental
04.05 Ciudad Real
04.06 Campo de Montiel
04.99 Outside Uhs
Total

Legal wells
464
381
1,796
16,719
1,940
468
5,018
26,786

Total Inventoried wells
5,012
4,756
9,646
39,636
7,195
2,693
18,907
87,845

The only thing for certain is that UGB pumping estimates are currently inaccurate.
Given the relative importance of this item in the overall UGB water balance, a
consensus as to how much water is withdrawn yearly from the aquifer is still a must for
adequate water management24.

3.4 Socio-economic data
With an approximate surface of 16,000km2, the Upper Guadiana basin was home to
about 440,000 people in 1991, and to nearly 500,000 in 2003 (CHG 2005a). Average
population density is 26 inhab/km2, significantly below Spain’s 78 inhab/km2. The
Upper Guadiana basin comprises 140 municipalities, four of which are home to 20,00030,000 people, and seven to 10,000-20,000. Large urban agglomerations are absent in
an region where most people live in municipalities with population density below
150inhab/km2. In view of these parameters, and according to OECD criteria, the UGB
is classified a rural area (Viladomiu and Rossell 2002, OECD 1996).
The UGB presents a fairly young population, 21% of which is under the age of 16. This
figure is comparable to the country’s average, and slightly higher than Castilla-La
Mancha’s regional average. The number of people over 65 represents about 17% of
the population (significantly lower than other rural areas of Spain). Population growth
as been sustained in the last decades, although it has slowed down in the 1980s and
the first half of the 1990s (Martínez-Cortina 2002, Olmedo 2002).
The Mancha Occidental aquifer (UH 04.04) is home to about two thirds of the UGB
population (35 inhab/km2), and encompasses all main population centres. Together
with the Toledo area, UH04.04 is considered the most dynamic area of Castilla-La
Mancha in terms of population and economy.
By 1997, per capita income in the UGB was 85% of Spain’s average, and 65% of the
European average (Eurostat 1997). Thus, under objective one of the EU’s structural
funds (promoting the development of regions where per head GDP is below 75% of the
EU average), the UGB has until now been on the receiving end of European subsidies.
In 1991, agriculture accounted for over 21% of the employment in the UGB, a
percentage similar to the industry and building sectors (Martínez-Cortina 2002). This
percentage is significantly higher in some areas of the UGB. For instance, in the year
2000, agriculture made up for approximately 38% of UH04.04 employment (60% in
some municipalities) (Olmedo 2002).
Agricultural employment has nevertheless been in constant decrease in recent times
(see Tables 5 and 6), while employment increase in other sectors has been higher than
Spain’s average.
24

Results from WP3.4 Stakeholder Meeting #1 (Upper Guadiana) of the NeWater project (Madrid, Spain,
October 6, 2005), confirm this conclusion (NeWater 2005).
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Notwithstanding this, a significant industry is linked to agricultural practices in the UGB
(Martínez-Cortina 2002). In UH04.04, for instance, wineries, food (particularly meat and
cheese), electricity, pumps, well-drilling and irrigation system industries rely heavily on
agricultural practices (Olmedo 2002).
Table 5. Employment and GDP per economic sectors in Spain, Castilla-La Mancha and selected UHs of
the Upper Guadiana area, year 1991 (Martínez Cortina 2002).
Sector
Spain
Castilla-La Mancha
Ciudad Real
UH04.04
UH04.06

Agriculture
Employment
% GDP
10%
5%
16%
9%
16%
10%
44%
Unavailable
51%
Unavailable

Industry
Employment
% GDP
31%
33%
35%
36%
36%
42%
24%
Unavailable
24%
Unavailable

Services
Employment
% GDP
59%
62%
49%
55%
48%
48%
32%
Unavailable
25%
Unavailable

The UGB industrial sector has experienced a sustained grownth in recent years (from
24% in 1991 to 26% in 2000). The tourist industry still presents a low degree of
development, despite the area’s excellent communications with important population
nuclei and tourist destinations (Madrid, Valencia, Murcia and Andalucia).
Table 6. Employment economic sectors in Spain, Castilla-La Mancha and UH04.04, year 2000 (Olmedo
2002).
Sector
Agriculture
Industry*
Services

UH04.04
38%
26%
36%

Castilla-La Mancha
10%
35%
55%

Spain
7%
31%
62%

*The building sector is included within ‘industry’, and accounts for 14%, 15% and 11% of the total
respectively).

In summary, the UGB is characterised as a rural territory (low population density,
absence of large urban concentrations), endowed with some significant population
nuclei and certain dynamic features (population growth, youth, employment increase in
non-agricultural sectors, good transport network). Agriculture maintains a strong (if
decreasing) presence in the area alongside the industry and building sectors, thus
ensuring a fairly diversified and dynamic economy (Viladomiu and Rossell 2002).

3.5 Water demands
3.5.1

Urban supply and industrial uses

Save for a few small exceptions, industrial areas in the UGB are not isolated from
population nuclei, and are supplied by the municipal network. Therefore, both industrial
and urban supply will be dealt with jointly.
Groundwater resources are particularly important from the social point of view, catering
for most of the UGB’s urban water supply (serving 75% of the population (CHG
2005b)). Exceptions to this rule are some municipalities, like Tomelloso and
Argamasilla de Alba, which depend on surface water resources.
For the whole UGB, the joint water demand of urban supply and industrial uses is
approximately 51Mm3/yr (43Mm3/yr and 8Mm3/yr respectively) (CHG 1996). These
figures present a low degree of uncertainty, and are hardly significant in comparison
with irrigation uses (several hundred Mm3/year). Gascó et al (2004) estimate that
groundwater withdrawals for urban supply currently amount to only 2-4% of those for
irrigation.
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UH 04.04, home to about two thirds of UGB population, is the main urban water
consumer. Existing data (SGOP 1991, CHG 1995) shows water uses for urban supply
to have increased, albeit very slowly, between 1981 (25Mm3/yr) and 1995 (31Mm3/yr).
Extractions for urban water supply in other UHs are small in comparison. Only one of
them seems to exceed 5Mm3/yr despite depending almost totally on groundwater
resources (Martinez-Cortina 2002).
Therefore, although highly relevant from the social and political viewpoints, urban and
industrial water supply acount for below 5% of the UGB water uses. Irrigation caters for
the rest.
3.5.2

Irrigation

The tragedy of the Commons
Over the last two or three decades, UGB groundwater pumping for irrigation seems to
have followed the ‘tragedy of commons’ pattern25 outlined by Hardin (1968).
This author described the situation of a pasture that is open to all herdsmen and where
no rules of access or use have been established. Acting rationally, each herdsman is
motivated to add more cattle to the pasture because he reaps the benefits of his
animals but shares only a part of the costs resulting from overgrazing. The final result
is the destruction of the pasture. All users act rationally to maximize their individual
utility function without any regard for the common good. There is no incentive to
moderate consumption since other users will consume whatever one fails to
appropriate. The result of this behavior is the overexploitation and potential destruction
of the resource26 (Hernandez-Mora 2002).
Private groundwater ownership first, and the implications of 1985 EU’s Common
Agricultural Policy and the 1985 Water Act later (see 3.0), acted as a catalyst for real
‘pumping wars’ in the UGB during the 1980s and 1990s. As a result, yealry
groundwater withdrawals often exceeded the UH04.04’s average renewable resources
(320Mm3/yr according to CHG 2005b). Figure 7 provides pumping estimates for the
1974-2003 period.

25
According to chapter 7 (p13) of the RBA’s reports for Art 5 and 6 of the WFD, total legal rights over
3
groundwater (not necessarily actual pumping) only in UH04.04 amount to about 685Mm /yr (urban supply
3
caters for 11Mm /yr) (CHG 2005a). This contrasts with the aquifer’s estimated 320 Mm3/yr renewable
resources.
26
As stated in the early stages of this report, aquifer overexploitation is a complex and manifold concept.
Custodio (2002) provides a thoughtful analysis in this regard. In the case of the UGB, this ‘destruction of
the resource has not taken place’ (save for environmental impacts). Nevertheless, an in-depth technical
study is lacking in regard to the potential consequences of future pumping scenarios.
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Figure 7. Estimated groundwater withdrawals in UH04.04 for the 1974-2003 period (based on Martínez27
Cortina 2002, Olmedo 2002 and CHG 2005b) .

Since the late 1960s, 150,000-250,000ha have come under groundwater irrigation in
the area. Despite the inherent difficulties in quantifying pumpage (see 3.3.2), it is
estimated that irrigation currently accounts for 90-95% of the UH04.04 total
groundwater abstractions (Carrasco 2002, Gascó et al 2004), which in turn accounts
for 90% of the UGB’s groundwater withdrawals (Acreman (ed) 2000b). Surface water
based irrigation is hardly significant in comparison (12,000ha with a total use of
90Mm3/yr (CHG, 2001)). Therefore, groundwater irrigated agriculture is considered the
key to water resources management in the UGB28.
Uncertainties in regard to irrigation data
Pumping and illegal wells29 (see 3.3.2) do not constitute the only significant uncertainty
in relation to irrigation data. Total irrigation surface and water consumption per crop
estimates are also less than accurate.
As shown in Table 7, groundwater abstraction may be estimated indirectly from
irrigated surface (provided that yearly water consumption per crop and hectare are
known). Remote-sensing campaigns have been undertaken in an attempt to attain a
reliable estimate of the total irrigated area. However, satellite techniques seem still
unable to identify certain crops (namely vineyards), and their results are therefore
incomplete (C Delgado, Guadiana RBA, pers. comm. May 2004). In addition, irrigation
requirements per crop depend heavily on rainfall, and may vary considerably from year
to year.

27

These estimates are based on official data, it is therefore likely that they underestimate the actual
magnitude of pumping.
28
Groundwater withdrawals for irrigation do not only influence water policy from the quantitative point of
view, but also quality-wise (particularly due to the use of agro-chemicals (IGME 2004)).
29
The problem of illegal wells is not restricted to the Upper Guadiana basin. Spain’s central government
has put into practice a series of nation-wide measures in order to regulate the uncertain legal status of
hundreds of thousands of wells. The 66M€ ARYCA programme came first (1995). Funding was seemingly
too limited and it seems that the program fell short of the objectives (Villarroya 2000, Hernández-Mora
2002). In 2002, the Ministry of the Environment launched a new initiative: the 155M€ ALBERCA
programme. In the view of some authors, this appears an interesting step forward, although one that is
probably insufficient in terms of scope (Fornes et al 2004).
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Table 7. Irrigated surface, water consumption per crop and pumping estimates in the UGB for the year
2003 (CHG 2005b)
Crop
Barley
Wheat
Other winter cereals
Melons
Garlic
Paprika
Other horticultural
Maize
Alphalpha
Sugar beet
Potato
30
Vineyards
Olives
Other tree crops
Total/Avg
32

* SIAR

Irrigated Surface
CAP (ha)
46,565
10,886
5,608
10,186
2,824
784
10,493
4,463
2,033
1,260
915
42,604
1,576
210
140,407

Irrigation dose
3
(m /ha/yr)*
2,690
3,342
2,800
4,802
3,216
5,796
5,000
8,117
7,500
8,025
6,830
1,516
2,153
3,231
3,054

Total water use
3
(m )
125,259,850
36,377,383
15,702,400
48,915,024
9,081,984
4,544,064
52,465,000
36,226,171
15,247,500
10,111,500
6,249,450
64,601,865
3,393,128
678,510
428,853,830

Total water use per
3
type (Mm )
177,340

115,006

67,835

68,674
428.9

31

estimates

Since it is restricted to legal figures, Table 7 only provides an underestimate of
groundwater pumping and irrigation surface. According to the report whence this table
was taken, total irrigated surface in the UGB in 2003, estimated by means of satellites,
was 226,885ha (CHG 2005b)).
In addition, legal wells do not always have gauging devices. Therefore, pumping is
estimated indirectly based on an average irrigation dose per crop (CHG 2005b, p7). As
shown in Table 8, this incorporates some degree of uncertainty.
Table 8. Estimated water needs per crop (*).
3

Irrigation requirements (m /ha/yr)
a
Olmedo (2002)
CHG (2005b)
Gascó et al (2004)
Barley
2,690
2,759 / 4,180
Wheat
3,342
2,842 / 4,306
Melons
5,100
4,802
4,553 / 5,887
Garlic
2,500
3,216
3,557 / 5,389
Paprika
5,796
5,895 / 7,656
Maize
8,000
8,117
5,174 / 7,839
Alphalpha
9,000
7,500
5,981 / 9,345
Sugar beet
8,000
8,025
6,049 / 9,165
b
Potato
6,000
6,830
4,877 / 7,503
c
Vineyards
1,500
1,516
2,359 / 3,370
Olives
1,500
2,153
3
Average (m /ha/yr)
5,200
3,054
4,404 / 6,464
(*) Olmedo was president of the General Community of Irrigators of UH04.04; CHG is the River Basin Authority; and
Gascó et al are scientists from various universities (part of the international commission of experts who assessed the
viability of the Tajo-Segura water transfer).
a
Quantities refer to effective/gross irrigation needs (while the other two sources do not specify, it is highly likely that they
refer to gross water consumption). Estimates are subject to a variability of 20%
b
This source provides two estimates: ‘medium potato’ (values shown) and ‘late potato’ (3,988/6,135)
c
According to the source, tree crops often follow a regime of ‘controlled irrigation deficit’, based on timing in relation to
3
climate constrains. In these conditions, vineyard water needs oscillate between 2,000 and 2,500m /ha/yr. It is also worth
a mention that vineyard varieties may present notably different needs.
Crop

Data uncertainties may also relate to the differences between estimations from
difference sources, different criteria in dealing with data, conceptual mix-up, and most

30
Vineyards pose a significant uncertainty in terms of water consumption. First because water
consumption seems to vary significantly depending on vineyard variety. And second, since in the last two
decades vineyards have gradually ceased to be dryland crops to come under irrigation (Table 13). This
adds to the difficulties inherent to satellite detection.
31
Bearing in mind that 2003 AEP water savings were approximately 85Mm3 (28,000ha) official pumping
3
3
estimates amount to 344 Mm in the whole UGB (rather than 428.9 Mm ) (CHG 2005b).
32
SIAR: Sistema de Información Agroclimática para Regadío (Agroclimatic Information Systems for
Irrigation).
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importantly, a generalised lack of transparency that stems from overall mistrust among
stakeholders.
In order to illustrate this point, let us take another look at RBA estimates for irrigated
surface (Table 9). The RBA webpage (CHG 2001), currently states that there are
127,000 groundwater irrigated hectares only in the Ciudad Real province, while a
further 18,000ha exist in Albacete, 14,000ha in Cuenca and 4,000ha in Toledo, for a
total UGB irrigation surface of 163,000ha (probably minus a few thousand, since
Ciudad Real is partly outside the UGB). This figure differs from the report prepared by
the Guadiana RBA for article 5 of the EU’s Water Framework Directive (CHG 2005a,
chapter 2, p48), which states that in the whole of the Guadiana basin (upper and lower)
there is a grand total of 128,473 groundwater irrigated hectares. Meanwhile, the
guidelines for the implementation of the new Upper Guadiana water plan report that,
according to satellite images, 226,885ha were under irrigation in the UGB during 2003
(CHG 2005b).
Table 9. RBA estimates on groundwater irrigated surface
Source report*
Irrigation surface
Comments
CHG 2001
163,229ha
Only Upper Guadiana basin (Castilla-La Mancha)**
CHG 2001
195,121ha
Whole Guadiana basin
CHG 2005a
128,473ha
Whole Guadiana basin
CHG 2005b
180,000ha
Only Upper Guadiana basin (legal)
CHG 2005b
226,885ha
Only Upper Guadiana basin (total)
* Simultaneously online in different sections of the Guadiana RBA website (October 2005).
** Obtained by adding Guadiana basin irrigation surface in Albacete, Cuenca, Toledo and Ciudad Real provinces. As
Ciudad Real extends beyond the UGB, this figure is almost certainly an overestimate.

Therefore irrigation data may vary widely even according to the same source of
information (in this case, the River Basin Authority). An irrigation inventory analogous
to the one carried out in neighboring Andalusia about ten years back (Vives 2003)
appears a desireable step towards more adequate groundwater management in the
UGB.
Table 10 shows land property distribution in the two UGB hydrogeological units labelled
legally as ‘overexploited’ (UHs 04.04 and 04.06). Land property is widely distributed,
with a significant presence of small to medium-size farms. In this context, any pumping
restrictions, if strictly enforced, are likely to be felt at the family scale, and can therefore
be a potential cause of social unrest. This may provide another partial explanation
behind the current lack of clear water data in the UGB.
Table 10. Average farm size in the main UGB aquifers (Hernandez-Mora 2002)
UH

Surface area (km )

Legal irrigated
surface (ha)*

UH04.04

5,500

133,149

UH04.06

2,500

4,113

2

Farm size
Surface (ha)
<5
5-20
20-50
50-100
>100

% Farms
44.0
32.0
12.0
4.2
1.8

<5
5-20
20-50
>100

52.0
28.0
9.0
11.0

* Surface inscribed in the RBA Registry by January 2001.

Effects of the Agro-Environmental Programme on water demands for irrigation
As stated in 3.0, the Agro-Environmental Programme (AEP) has been a significant
feature in the UGB’s recent agricultural practices.
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From the hydrological point of view, the AEP was essentially conceived as a means to
reduce groundwater withdrawals by means of compensatory subsidies. That is, farmers
were offered direct payments in exchange for voluntarily cutting down on water use33.
This served both an environmental objective (the recovery of wetlands such as Las
Tablas de Daimiel National Park) and a social one (ensure the subsistence of rural
population34).
Farmers who voluntarily chose to adhere to the programme, received direct payments
in proportion to water savings (Table 11). Thus, farmers had a choice whether to
reduce water consumption per hectare35 by 50% (compensation of 164€/ha), 70%
(271€/ha) or 100% (379€/ha) (MAPA 1997).
Table 11. Key features of the Agro-Environmental Programme (Viladomiu and Rosell 2002).
Option
50%
70%
100%

Available water
3
(m /ha/yr)
4,200
2,100
1,200
0

1993
156.3
258.4
360.6

Payments (€/ha)
1994-1997
164.1
271.4
378.6

1998
179.4
296.6
414.1

Table 12 provides official data on groundwater withdrawals and irrigated surface
between 1985 and 1997 (Varela et al 2002). Leaving aside, other factors that condition
actual irrigation data (namely, illegal wells), this table provides an insightful analysis of
the impact of agricultural/water policies in the UGB.
Table 12. Comparison of the effects of different policies on groundwater withdrawals and irrigation surface
(Varela et al 2002).
Policy

1985 CAP

Pumping Restriction Plans (^)

AEP

Year
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

Groundwater
3
withdrawals (m )
478
525
553
568
561
522
427
410
310
236
217
215
203

Irrigated surface (ha)
107,767
117,200
123,739
121,276
121,626
117,212
93,255
89,280
89,494
73,505
73,582
73,300
73,015

(*) Pumping restriction plans ran parallel to the AEP for the 1990-1997 period.

At least initially, it seems that the AEP was a success from the point of view of farmer
response. Viladomiu and Rosell (1997) point out that approximately 3,000 farmers had
adhered to the programme by 1997 (accounting for an approximate surface of
85,000ha (Figure 8). Apparently, groundwater withdrawals experienced notable cuts
(299Mm3, well in excess of the RBA’s 255Mm3 forecast).
Aquifer levels recovered up to 10m after the 1991-1995 drought, alleviating the area’s
groundwater storage deficit by approximately 1,750Mm3 between 1995 and 1999
(Mejías 2001) and raising optimistic claims about the subsidies policy (Menendez

33

Although not often mentioned, the AEP also established limits to agrochemical usage in proportion to
the each of the 50%, 70% and 100% options.
34
According to Viladomiu and Rosell (1997), approximately 8,000 farmers (corresponding to an
approximate irrigated surface of 120,000ha).
35
These refer to the average water use per hectare (4,200m3/ha/yr) (Viladomiu and Rosell 2002).
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2001). However, while the AEP may have contributed partly to aquifer recovery, some
authors remain skeptical (see 3.0).
Heavy downpours during the 1996-1998 period are often seen as a more direct cause
of aquifer recovery, particularly since further AEP payments have not prevented water
table drawdowns in ensuing years.
Moreover, it seems that adhesion to AEP subsidies did not necessarily imply real water
savings in all cases. These claims are based on the fact that the 50%, 70% and 100%
options were calculated with respect to an average water consumption (4,200m3/ha/yr).
In a good number of cases, the volume allowed by the AEP was significantly higher
than the allocated by pumping restriction plans, which means that for many farmers,
adhering to the programme actually became a way to overcome legal limitations to
groundwater withdrawal (Viladomiu and Rosell 2002).
In addition, farmers owning dry wells (particularly those located towards the edges of
the aquifer) had theoretical water rights but no real access to groundwater resources. It
is sometimes argued that these would have been quick to apply for economic
compensation in exchange for a fictitious cut on water use (Lopez Sanz 1996 and
1997, Viladomiu and Rosell 2002).

Figure 8. Irrigation surface adhered to the Agro-Environmental Programme for the 1993-2004 period
(COAG-IR 2005).

Carrasco (2002) argues that the advances made by the AEP in terms of water savings
are misleading (Table 13). The rationale behind this claim is that AEP was limited to
payments in exchange for water savings, and therefore did not contribute to lasting
structural changes in the area’s agricultural sector.
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Table 13. Irrigated surface adhered to the Agro-Environmental Programme and estimated water savings
for the 1993-1999 period (Carrasco 2002).
Year
1993
1994
1995
1996
1997
1998
1999

3

AEP surface (ha)
57,974
75,854
85,411
85,834
85,838
85,020
61,127

Water savings (Mm )
182
236
298
302
310
NA
NA

Finally the AEP has also been widely criticised for being public funding-intensive. Some
authors point at the potential interest of AEP-type of policies if coupled with an ecoconditionality component (Varela et al 2002, Varela and Sumpsi 1999).
Reforms associated with the 1998, and more so, with the 2003 renewal of the AEP
caused farmers (particularly large land-owners) to detach their land from the
programme. It is estimated that out of the 85,000ha under the AEP in the mid 1990s,
only about 20,000ha remain today (Figure 8).

Cropping patterns
Always bearing in mind the inherent uncertainties of UGB irrigation figures, some crop
distribution data is available. Table 14 provides an overview of irrigated crop patterns in
the UGB36.
Table 14. Irrigated crops in the UH04.04 attending to surface area (own elaboration with data from
Olmedo (2002) for the 1974-2000 period, based on official estimates; completed for 2003 with data from
CHG (2005b)).
Crop

1974

1982

1990

1991

1992

1993

1994

1995

2000

2003

Cereal

4,800

27,442

34,253

20,514

26,108

20,697

21,489

32,377

51,669

63,059

Maize

2,000

3,442

16,009

10,427

8,155

1,945

1,611

190

1,776

4,463

Pulses

500

601

1,066

130

310

590

3,870

4,027

6,874

Potato

2,000

2,196

1,901

274

531

322

264

574

1,114

915

Sugar beet

3,800

16,894

6,129

1,704

2,704

2,906

1,954

1,294

1,589

1,260

547

5,234

19,552

9,730

3,495

2,919

Sunflower
Alphalpha

8,000

11,843

13,543

5,705

5,874

4,229

2,401

1,067

2,494

2,033

Melons

4,800

11,473

18,259

3,471

6,654

6,175

5,398

6,225

11,051

10,186

Vineyards

8,500

19,463

25,911

15,620

17,292

26,000

25,000

48,935

38,486

42,604

1,427

1,576

2,991

9,750

14,408

14,665

30,789

34,356

Olive
Fallow
Other

16,734

14,311

(*) Save for 2003 (legal), it is unclear whether these figures refer to legal or total irrigated surface.

Leaving aside a noteworthy variability in crop distribution from year to year, certain
trends can be observed from the table. Perhaps the two most important ones relate to
water-intensive crops (maize and alphalpha) and water-efficient ones (vineyards).
Despite the semiarid nature of the UGB and maize’s considerable water needs (about
8,000m3/ha/yr), this crop became increasingly widespread in the mid1980s through the
early 1990s. Maize is an extensive crop, becoming to large farms. It requires relatively
little attention, and can be easily looked after by pivot irrigation systems (it is therefore
labor and cost-effective). In addition, it generally present a higher yields per hectare (in
36

Comparative estimates of the social (jobs) and economic (€) value of each of these crops are perceived
as a pressing need in order to clarify some priorities in UGB water policy (Llamas et al 2005).
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tonnes) than most other crops. Given these features, production-based subsidies of the
1985 Common Agricultural Policy provide a plausible explanation for maize’s popularity
in the mid1980s and early 1990s.
With pumping restrictions (beginning in 1991), and more significantly, with the AEP,
notorious water consumers like maize and alphalpha seemingly disappeared from the
UGB agricultural scene (from 16,009ha and 13,543ha respectively in 1990 to just
190ha and 1,067ha in 1995).
On the other hand, vineyards steadily increased in surface throughout the 1980s,
becoming the aquifer’s main irrigated crop in the mid1990s (aside from some winter
cereals like wheat and barley). Two reasons may explain this trend within the context of
the AEP. First, vineyards are significantly water-efficient37 (in fact, vineyards are
traditionally considered dryland crops). And second, irrigated vineyards seemingly
provide a higher economic revenue per hectare than most of the area’s crops.
Despite high irrigation requirements, melons (and to a lesser extent garlic and paprika)
have also become popular in the UGB in recent years. Causes for this should be found
not only in economic terms, but also in the social dimension. These crops are known as
‘social crops’, as they are labor-intensive and therefore generate comparatively more
employment than most others.
On a final note, maize seems to be making a slow comeback in UH04.04, most likely
as a result of many large land-owners leaving the AEP in the last two or three years.
Maize is increasingly frowned upon among small farmers, who see it as a symbol of
wasteful water use. On the other hand, large land-owners claim that they have returned
to maize because they (responsible for most of the area’s water savings in the 1990s)
feel discriminated by 2003 AEP reforms (JM Oñate (COAG-IR), and JC Caballero
(ASAJA), pers. comm. October 6, 2005).

3.6 Environment
The UGB presents a high degree of inter-relation between surface and groundwater
that results in over one hundred continental wetland ecosystems.
De la Hera (2002) classified four UGB wetland zones according to geographical
criteria: Daimiel (located in the southwestern area of the basin, UH04.04), Ruidera (to
the southeast, UH04.06), Cigüela river (towards the northwest, UH04.02 and UH04.03)
and Záncara river (to the east, UH04.01 and UH04.04). The first two are probably the
most significant from the environmental point of view.
The unique and diverse nature of these wetlands was recognised in 1980, when
UNESCO declared a total of 25,000ha a Biosphere Reserve.
While international recognition triggered a certain environmental conscience in society,
its actual relevance in terms of water resources management has been scarce. In fact,
perhaps the main environmental problem in the UGB is currently wetland degradation
(De la Hera 2002, De la Hera et al 2002). A significant share of the wetlands has
disappeared since 1980, and the remaining ones present different degrees of
degradation.

37

Vineyard irrigation was in fact forbidden for many years. The ban was enacted as a water-saving
measure, i.e. to prevent a traditionally dryland crop from turning into an irrigated one (Olmedo 2002).
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This problem is both natural and human-induced. Wetlands in the UGB feed partially
on rivers, but depend heavily on water table levels. Human impacts, particulary river
channeling and irrigated agriculture, have exerted a significant influence on the
system’s natural water dynamics over the last four decades. Finally, a dry climatic
sequence (from 1980 through 1995) has also had an impact on the state of wetland
ecosystems.
Most government initiatives have traditionally focused on Las Tablas de Daimiel
National Park, a particularly well-known set of wetlands located in the first of the four
areas outlined above.
Reduced inflows (consequence of river channelling), and more significantly, a dropping
water table (a result of intensive pumping) have triggered significant changes in Las
Tablas de Daimiel water dynamics. Since the early 1980s, these wetlands are no
longer a discharge area of the aquifer. Instead, they currently behave as an infiltration
pond. Las Tablas de Daimiel nearly dissapeared in 1990, when flodded surface (1,000
to 2,000ha in natural conditions) decreased to just 75ha.
The first remedial measure to keep Las Tablas de Daimiel ‘alive’ (approved in 1986),
was to divert flows off the Tajo-Segura transfer into the park. This became effectual for
the first time in 1988, and since then, the Tajo-Segura transfer has contributed water to
Las Tablas de Daimiel ten out of fifteen years. However, the efficiency of this
reallocation of resources has been very controversial (Llamas et al 1996, Cruces et al
1998).
Another two measures are in place since the late 1980s. On the one hand,
groundwater is being pumped from the aquifer into the wetlands (wherein it either
infiltrates again or evaporates into the atmosphere). On the other hand, Puente
Navarro dam was built within the park in order to retain the inflows from the TajoSegura transfer and groundwater pumping. Thus a part of the wetlands remains
permanently flooded.
None of these measures seem to represent a real solution to the problem. As a result
the current state of Las Tablas de Daimiel National Park has been termed an
‘ecological comma’ (Llamas 1992, Llamas 2005).
Finding an actual solution would almost necessarily imply a dramatic reduction in
groundwater pumping for irrigation. This would probably have to come hand in hand
with a change in the EU’s Common Agricultural Policy, whose autonomy, on the other
hand, seems to be decreasing with restrictions issued by the World Trade Organisation
(Llamas et al 2001).
Perhaps the second most significant set of wetlands in the area is the Lagunas de
Ruidera: a series of lagoons that owe their existence to discharges from the Campo de
Montiel karst aquifer (UH 04.06).
Lagunas de Ruidera have experienced degradation problems in the late 1980s and
early 1990s. Contrary to what happens in Las Tablas de Daimiel, these problems seem
to stem mostly from natural climatic variability, rather than from human impacts
(Llamas et al 1996).
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During a dry period spanning between 1980-1995, loss of flooded surface in Lagunas
de Ruidera was attributed to heavy pumping in the Campo de Montiel aquifer (UH
04.06). As a result, the aquifer was declared ‘overexploited’ by law in the late 1980s38.
However, in years where rainfall has exceeded the average (1995/96, for instance),
Lagunas de Ruidera have been observed to recover almost completely. The current
conservation state of these wetlands can be probably described as acceptable, as the
natural hydrological system is largely undisturbed (De la Hera 2002).
Overall, very few hydrological measures have been applied to wetlands other than Las
Tablas de Daimiel National Park. In fact, a considerable number of Cigüela river
wetlands have disappeared due to channelling works that aimed at the regeneration of
Las Tablas de Daimiel (through the Tajo-Segura transfer) .
Cigüela wetlands may still be recoverable, as groundwater quality in the area is very
poor and not suitable for agriculture. However, reversing the channelling works of the
Cigüela river would be required39.
Finally, most of the Záncara river wetlands have also suffered from heavy pumping in
the Mancha Occidental aquifer, and currently present a significant degree of
degradation.
De la Hera (2002) estimates that out of the UGB’s one hundred wetlands, about a third
are seriously degraded due to intensive pumping and other human-induced effects.
The rest present diverse states of degradation. About two thirds of UGB’s wetlands
may still be easily recovered, as their conservation does not interfere with groundwater
irrigation.
Groundwater quality is another significant environmental problem in the UGB. Aquifer
resources in some areas are naturally unsuitable for human consumption due to the
presence of sulphates. However, human-induced impacts have also contributed to
degrade the resource in recent years. Among these, diffuse contamination from
agrochemicals and uncontrolled wastewater disposal are particularly important. In 17
out of 24 control points, nitrates exceeded the 50mg/L mark during the 2002-2003
period (CHG 2005b). Despite these issues, about 75% of the population relies on
groundwater supplies for drinking (CHG 2005b).
Overall, it is worth noting that any development based on natural resources is prone to
cause some environmental impacts. Groundwater irrigation is no exception to this rule.
In the opinion of some, the issue at hand here is to find an equilibrium between the
social and economic benefits of irrigation and the environmental value of wetland
ecosystems (Llamas et al 1992).40

38
UH04.06 was the first in Spain to be declared ‘Definitely Overexploited’ under the 1985 Water Act. While
this declaration still holds, its use is subject to debate (particularly on the part of farmers) (Llamas 1994).
3
Objections are based on the fact that the mean annual recharge is approximately 125Mm , wheareas
yearly pumping is estimated at 35Mm3. Contrary to what happens in UH04.04, groundwater withdrawals in
UH04.06 seem to be controlled (Lopez-Gunn 2003).
39
Given the current climate of political confrontation over the Tajo-Segura water transfer, this seems
unlikely (see 3.12).
40
Some partial studies exist in this regard (Júdez et al 2003)
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3.7 Water management
With the advent of the democratic system in Spain in 1975 and the political
restructuring of the country into autonomous communities (Comunidades Autónomas),
a new water law was necessary to reflect the new administrative arrangements. The
1985 Water Act served this purpose and also incorporated modern concepts such as
environmental protection and sustainable use of the resource (Hernandez-Mora
2002)41.
For water administration purposes, the Act divided the country into sixteen water
planning regions (under the supervision of thirteen river basin authorities42).
At the river basin scale, water is administered by River Basin Authorities
(Confederaciones Hidrográficas), autonomous public entities answerable to Spain’s
Ministry of the Environment (Figure 9 and Table 15). Thus, in the case of the UGB, the
Guadiana RBAs theoretically has the last say in any water-related decisions, at least at
the river basin scale.

EUROPEAN UNION

Supranational

SPANISH GOVERNMENT

National
MINISTRY OF THE ENVIRONMENT

MINISTRY OF AGRICULTURE,
FISHERIES AND FOOD

NATIONAL
WATER
COUNCIL
AUTONOMOUS REGIONAL GOVERNMENTS

Regional

RIVER BASIN AUTHORITIES

MUNICIPALITIES

Land use policy

Local
Communities

Agricultural policy

Water policy
WATER USER
ASSOCIATIONS

Water planning

Natural resources and
environmental policy

Wastewater treatment
Water supply

Water Management Organization

Figure 9. Institutional framework for water resources management in Spain. From: Varela and HernandezMora (in press).

Four planning regions (Galicia-Costa, Cuencas Internas de Cataluña, Canarias and
Baleares) fall within the territory of a single autonomous community. In these instances,
regional water agencies, answerable to the corresponding autonomous government,
are responsible for basin management (Table 15).43
In regard to groundwater resources, the 1985 Water Act gave basin agencies broad
powers for the management of those aquifers under the legal declared as

41

The first paragraphs of this section draw heavily from this source.
In most cases, planning regions encompass the territory of more than one autonomous community
(shared river basins). All affected regions are represented in the authorities’ governing and management
bodies. Water transfers between shared river basins require a specific law to be passed by Parliament.
43
It is yet to be seen how water authorities will ‘translate’ into WFD water districts.
42
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‘overexploited’44. When an aquifer is declared overexploited, basin agencies are
required to design a management plan and determine annual pumping regimes.
Restrictions apply to users in both the public and private property regimes, and no new
pumping permits can be granted. All users in the aquifer are required to organise
themselves into Groundwater User Associations. In addition, a General User
Association that encompasses all user associations in one aquifer system also needs
to be formed. The idea behind this is to foster user participation in the management of
resources, one of the guiding principles of the Act. User associations may thus
represent the interests of their members and cooperate with basin agencies in the
design and implementation of management plans (Hernandez-Mora 2002).
Table 15. Characterisation of Spain’s Water Management Agencies (Hernandez-Mora 2002).
Hydrologic
planning region

River basin

Autonomous
Communities

Norte I

Various small basins

Galicia and Castilla-León

Norte II

Various small basins

Asturias and Cantabria

Norte III

Various small basins

País Vasco, Castilla-León
and La Rioja

Duero river

Castilla-León, Galicia and
Cantabria

Confederación
Hidrográfica del Duero

Ebro

Ebro river

Aragón, Cataluña,
Comunidad Valenciana,
Castilla-La Mancha,
Castilla-León, País Vasco,
Cantabria, Navarra and La
Rioja

Confederación
Hidrográfica del Ebro

Tajo

Tajo river

Madrid, Castilla-La
Mancha, Castilla-León and
Extremadura

Confederación
Hidrográfica del Tajo

Júcar

Júcar river

Comunidad Valenciana,
Castilla-La Mancha and
Aragón

Confederación
Hidrográfica del Júcar

Guadiana I

Upper Guadiana

Castilla-La Mancha,
Extremadura and
Andalucía(*)

Guadiana II

Lower Guadiana

Andalucía

Guadalquivir

Guadalquivir river

Castilla-La Mancha and
Andalucía

Confederación
Hidrográfica del
Guadalquivir

Segura river

Murcia, Comunidad
Valenciana, Castilla-La
Mancha and Andalucía

Confederación
Hidrográfica del
Segura

Duero

Segura

Basin management
agency

Confederación
Hidrográfica del Norte

Overseeing
agency
Spain’s Ministry of
the Environment

Confederación
Hidrográfica del
Guadiana

44

The 1985 Water Act, and the Public Water Domain Regulation (Reglamento del Dominio Público
Hidráulico) that developed it, considers that “an aquifer is overexploited or in risk of being overexploited,
when the sustainability of existing uses is in immediate threat as a consequence of abstraction being
greater or very close to the mean annual volume of renewable resources, or when it may produce a
serious water quality deterioration”. In accordance with the provisions of the Act, 14 aquifers have been
declared either provisionally or definitively overexploited in shared river basins. Two other aquifers have
been declared overexploited in the Cuencas Internas de Cataluña.
While the term “renewable resources” is not defined in the law, it has been understood in practice as the
difference between annual recharge and the sum of evapotranspiration losses and lateral flow to other
aquifers or the sea. In essence, it is understood as the portion of the groundwater recharge that, under
natural conditions, flows to surface water bodies without resulting in a net change in aquifer storage
(Llamas et al 2001). Clearly, this understanding of “renewable resources” for management purposes does
not deal with the ecological impact and potential legal implications of eliminating groundwater discharges
to surface water bodies. This question should be addressed in aquifer management plans, where concepts
such as annual recharge, renewable resources or safe yield should be more clearly defined,
acknowledging the difficulties inherent in trying to estimate their value and updating them regularly in an
adaptive management framework.
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Various small basins

Andalucía

Confederación
Hidrográfica del Sur

Baleares

All basins in the
Balearic islands

Baleares

Dirección General de
Recursos Hídricos del
Gobierno Balear

Govern Balear

Canarias

Each island is a
separate planning unit

Canarias

Consejos Insulares de
Aguas

Gobierno de
Canarias

Cuencas
Internas de
Cataluña

Various small basins

Cataluña

Agencia Catalana de
l’Aigua

Generalitat de
Catalunya

Galicia costa

Various small basins

Galicia

Augas de Galicia

Xunta de Galicia

Sur

(*) Although technically shared by three Autonomous Communities, the geographical focus of this document is on the
area of greater interest (Castilla-La Mancha region upstream El Vicario reservoir).

Due to the practical constrains explained earlier (see 2) this is all relative in practice, at
least within the UGB context.
Historically, RBAs traditionally had the expertise to build and manage surface water
infrastructures such as dams and cannals. Following the general trend, the Guadiana
RBA focused on those for decades, while generally leaving groundwater development
to the private initiative. Uncontrolled groundwater development ensued, particularly in
UH04.04, and led to considerable water table drawdowns in the mid to late 1980s (see
2).
As opposed to surface water resources, whose control is often centralised45,
groundwater resources management is usually polycentric. In the UGB context, this
essentially means that each groundwater user owns at least one well. Since there are
several thousand users, there are at least as many wells (over 40,000 according to
Delgado (2002), and close to 80,000 according to a more recent RBA inventory (CHG
2005b, p42)). Each well is subject to individual ‘management’ decisions driven by
personal interests, and most of them remain beyond the RBA’s control.
The 1985 Water Act came a turning point in water resources management, as it implied
that new groundwater developments would cease to be private property to become a
public good. This incorporated a complex casuistry that RBA officers were not trained
to deal with, and resulted in a difficult legal and administrative situation that lasts to this
day46.
Water table drawdowns led to declarations of overexploitation of the Mancha
Occidental aquifer in 1987 (provisionally) and 1994 (definitely)47. These essentially
imposed restrictions in groundwater withdrawals and forbid farmers from deepening
existing wells or drilling new ones. However, illegal well-drilling became rampant as
soon as farmers realised the RBA had no means to enforce its own regulations. In
1995, the RBA declared itself unable to manage the situation, describing the attitude of
farmers as one of ‘hydrological insubmission’ (CHG 1995).

45

It is worth noting that large surface water infrastructures for irrigation in the UGB have been planned,
built and operated with public funds. However, water from these is supplied to farmers at practically no
cost (Gascó et al 2004).
46
About 5,000 farmer lawsuits on the RBA, most still unresolved, currently swamp Castilla-La Mancha and
Extremadura regional justice courts. Adding complexity to the problem, these two courts often apply
different intepretations of the law (García-Carretero 2002).
47
UH04.06 (Campo de Montiel aquifer) was declared overexploited provisionally in 1988 and definitely in
1989. As stated before, however, Campo de Montiel water issues are completely different. UH04.04 and
UH04.06 are the only ones in Spain under ‘definite overexploitation’.
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Therefore, a command and control approach with regard to groundwater resources is
seemingly unsuitable unless users cooperate. This is not yet the case, probably owing
to the UGB’s current climate of conflict over water resources (see 3.12).
Spain’s 2001 National Water Plan demanded as a matter of urgency that a special
water resources management plan should be implemented in the UGB. The first draft
of the plan took almost two years to come out (early 2004), but was rejected after
public consultation and changes in Spain’s central government. A set of guidelines for
a new draft became public in July 2005. The first draft is of the plan is expected by late
2005/early 2006 and will ideally set the pace for future action.

3.8 Water allocation
Water uses in the UGB are overall difficult to quantify (see 3.5 and 3.7). While urban
supply and industry figures are well known, only rough estimates exist for irrigation.
This is a particularly significant problem, given that irrigation (almost completely
groundwater dependent) probably accounts for over 90% of the UGB’s water use (see
3.5 for further details).
Since 1991, the RBA releases yearly groundwater extraction plans which impose
theoretical limitations on farmer’s groundwater withdrawals. However, due to the
practical contrains mentioned throughout this document (see 3.0, 3.5 and 3.7), these
restrictions are difficult to enforce. In addition, monitoring is inadequate: not only illegal
wells, but also many legal wells lack metering devices. In consequence, how much
water is currently pumped from UGB aquifers remains unknown, while indirect
estimates are often burdened with uncertainty (see 3.3.2 and 3.5.2).
Widespread awareness on water scarcity seems to be leading to more thoughtful water
use. Thus, water-efficient crops (olive trees and vineyards) seem to be substituting
water-intensive ones (maize or sugar beet). Therefore, even if official estimates
undestate the magnitude of groundwater extractions (see 3.3.2 and 3.5.2), yearly
pumping today is probably well below 1988’s all-time high (nearly 600Mm3).
The Tajo-Segura transfer has been identified by many as a solution UGB water
problems (see 3.3.1 and 3.12). However, a recent report by members of an official
commission of experts is contrary to this solution. These label the transfer as
inadequate on several grounds, particularly from the point of view of water quality and
tranferrable volume and attending to the current disarray in UGB water use (Gascó et
al 2004, Diaz-Pineda, unpublished).

3.9 Flood protection
Since the UGB’s natural drainage network is poorly developed, sporadic heavy
precipitation phenomena may result at times in large incoming flows. Whenever these
cannot be evaquated in time, flash floods may occur.
Flooding is not a particular issue of concern in the UGB, given the climatic conditions
and the considerable absorption capacity of depleted aquifer bodies. Nevertheless,
several protection measures currently exist. These include storage areas, emergency
channels, soil conservation and aforestation measures and drainage networks along
streets and roads (CHG 2005a).
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3.10

Main actors in water management

According to the information provided in the previous pages, the main actors in UGB
water management can probably be classified in four groups48: Spain’s central
government, Castilla-La Mancha regional government, farmers and environmental
conservation groups. A succint introduction to each of them is provided below.
Spain’s Central Government: The central government is represented by the
Guadiana RBA, an entity answerable to Spain’s General Directorate for Water (Ministry
of the Environment). The RBA is the main water autority in the UGB. Hidroguadiana is
essentially a government company in charge of building and managing the area’s water
infrastructures (mainly dams and canals).
Castilla-La Mancha Regional Government: Since the UGB is located within the
Castilla-La Mancha autonomous community, the autonomous government is
responsible for agriculture, land-planning and environmental issues in UGB territory.
Since recently, the regional government is also responsible for managing Las Tablas
de Daimiel National Park.
Farmers: Farmers are arguably the ‘real’ actors in UGB water management, since they
account for approximately 90% of the total water uses and their actions are often
beyond the RBA’s control (see 2, 3.7 and 3.12). Farmers are a highly heterogeneous
group, whose interests often cannot be generalised. At the institutional level, farmers in
UH04.04 and UH04.06 are represented respectively by the General Community of
Water Users (‘Comunidad General de Usuarios del Acuífero 23’) and the Association of
Private Groundwater Users (‘Asociación de Titulares de Aguas Privadas del Acuífero
24’). At the political scale, unions also play a role in farmer representation. COAG-IR
(‘Coordinadora de Agricultores y Ganaderos’) generally encompasses small farmers,
whereas ASAJA (‘Asociación Jóvenes Agricultores’) seems closer to large landowners.
Environmental Conservation Groups: In the aftermath of the 1970s Green
Revolution, conservationists have acquired an increasingly high profile in the UGB.
Although active in UGB water affairs, their representation at the institutional level is still
barely significant. Perhaps the most relevant environmental associations in the area
are ‘Ecologistas en Acción’ (‘Ecologists in Action’), the World Wildlife Fund and the
‘Asociación Ojos del Guadiana Vivos’ (‘Guadiana Springs Alive’).
There are other actors, such as urban supply companies and industries. While the
social relevance of these is obvious, they have been ommited since their share of
water use and their role in the area’s water conflicts are not particularly relevant in
comparison to that of irrigated agriculture (see 3.5).

3.11

Stakeholder participation

The 1985 Water Act establishes the organizational structure of Basin Management
agencies and reflects the user participation principle that informs the law. Governing
boards (Presidency and Governing Board); management boards (User Assembly,
48

All these were invited to a NeWater information session on April,18 2005. Though most regional
authorities were absent, nearly every other stakeholder association was represented. A second
stakeholder meeting was hosted six months later (October 6), with similar results in terms of attendance. A
considerable share of the information shown in this text is a direct consequence of those two meetings
(see Llamas et al 2005).
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Water Release Commissions, Management Boards and Public Infrastructure boards);
and the planning boards (Water Council). In addition to the participatory boards, basin
agencies have technical services: Water Commissioner, Technical Director, General
Secretariat, and Planning Office. These are responsible for daily operations, informing
the work of the participatory boards and implementing their decisions (Figure 10)
(Hernandez-Mora 2002)49.
Responsibilities of each board, as well as their internal composition, are established in
articles 26 through 29 of the 1985 Water Act (partially modified by the 1999 reform).
Only those boards particularly relevant to groundwater management will be discussed
here.

Figure 10. Administrative structure of the Guadiana RBA. Based on (CHG 2001) and Hernandez-Mora
(2002).

Groundwater Management Boards are responsible for coordinating aquifer
management and use, and are usually created only in the case of aquifers that have
been declared overexploited. The User Assembly encompasses the members of all
surface and groundwater Management Boards in the basin, and is responsible for
coordinating management and use of hydraulic infrastructures and water resources in
the entire basin. In what pertains to groundwater, some of the primary functions of the
Governing Board are to approve Action Plans for the Basin Agency; prepare the issues
to be brought to the Water Council; issue legal declarations of overexploitation;
determine protection areas for overexploited aquifers; propose and approve aquifer
management plans; require installation of pumping gauges; require the formation of
user communities; promote wetland protection initiatives; and propose periodic reviews
of the Basin Water Plan to the Water Council. Finally, the Water Council is responsible
for the debate and approval of the Basin Water Plan, as well as its periodic reviews.
User members in the planning and management branches of the RBA are ellected by
the User Assembly. The Assembly, in turn, is made up of those users who integrate the
49

The first part of this section again draws from (Hernandez-Mora 2002).
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diverse Water Release Boards. It is worth noting that these can only be consumptive
users, meaning that for instance the environmental sector is not represented50.
Participation is distributed among stakeholders proportionally to consumptive water
uses. For this reason, irrigators are significantly better represented than any other
stakeholders (Table 16). Take for instance urban supply companies, whose
representation is very limited in comparison (6% of the total consumptive uses), despite
the fact that 88% of UH04.04 drinking supply depends on groundwater (HernandezMora 2004).
Table 16. Stakeholder representation in the Guadiana RBA Management and Planning branches
(Hernandez-Mora 2004).
Governing Board

User Assembly

Central Government
Autonomous
Government
RBA
Users

6 (23%)

2 (1.6%)

- Urban supply
- Irrigation
- Hydropower
- Industry
- Environment
- Other

Total

Water Release Board
Aquifer 23 (UH04.04)
1 (2.6%)

Water Council
14 (28%)

7 (27%)

5 (4%)

2 (5.3%)

14 (28%)

4 (15%)
9 (35%)

4 (3.2%)
113 (91%)

1 (2.6%)
34 (89.5%)

3 (6%)
17 (34%)

2 (8%)
5 (19%)
1 (4%)
- (0%)
- (0%)
1 (4%)

15 (12%)
81 (65%)
7 (5.6%)
8 (6.5%)
- (0%)
2 (1.6%)

3 (7.9%)
31 (81.6%)
- (0%)
- (0%)
1 (2.6)%)
- (0%)

2 (4%)
12 (24%)
1 (2%)
2 (4%)
2 (4%)
- (0%)

26 (100%)

124 (100%)

38 (100%)

50 (100%)

A closer look will be now taken to irrigation communities. Following declarations of
overexploitation of the Mancha Occidental and Campo de Montiel aquifers,
stakeholders (particularly farmers) were obliged to constitute water user associations
(often called irrigation communities). These associations have been present in the UGB
scene since the late 1980s, theoretically meeting before and after each year’s irrigation
campaign.
The Mancha Occidental aquifer WUA (General Community) is a federation of twenty
one municipal WUAs, structured as per article 76 of the 1985 Water Act. Each
municipal community has a right to a number of representatives in the General
Community, depending on the theoretical water allocation assigned by yearly RBA
abstraction plans. The General Community was officially constituted in 1996, although
litigation prevented it from meeting again until 2000. Mancha Occidental WUAs
represent about 17,000 farmers (Lopez-Gunn 2003).
The Campo de Montiel WUA represents about one hundred farmers and is made up of
one single association. This association came together in the late 1980s under private
law, and became public (and hence adscribed to the RBA) somewhat later.
The Campo de Montiel and Mancha Occidental WUAs have experienced very different
degrees of success. The RBA no longer issues new water rights in either aquifer.
Illegal well-drilling is rampant and extractions unknown in Mancha Occidental.
However, Campo de Montiel is quite the opposite. Despite the RBA’s recent inventory
(CHG 2005b), it sometimes is claimed that extractions and irrigated surface in this
aquifer are controlled, and that potential new users are forced to purchase either
irrigation land or water rights off existing owners. Three main reasons may explain the
difference (Lopez-Gunn 2003):

50

Except for the Water Release Board of UH04.04 (where the governing board of Las Tablas de Daimiel
National Park is represented) and the Water Council. Both representations are not only minor, but also
discretional. This means that environmental representation is not a legal imperative, and can therefore
disappear any time.
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Role of WUAs with regard to illegal users: illegal drillers in the Campo de
Montiel aquifer have been instantly reported to the RBA from the very
beginning, while Mancha Occidental WUAs have failed to report these cases.
Difference in size: The Campo de Montiel WUA comprises about one hundred
farmers, and the General Community of Mancha Occidental aquifer represents
17,000. Thus, while the Campo de Montiel users are manageable, the Mancha
Occidental WUAs simply cannot rise up to the challenge of monitoring so many
people. In addition, Mancha Occidental farmers seem reluctant to report their
neighbors, making the task all the more difficult.
Capacity of WUAs to cooperate with the RBA: Perhaps due to the above,
Mancha Occidental farmers have traditionally been unable to cooperate with the
RBA effectively.
There are also significant conflicts between WUAs within the Mancha Occidental
aquifer. Conflicts often involve small farmers (who make a living out of agriculture),
against large land-owners (for whom agriculture may be only one of several
businesses). Due to internal disputes, eight municipal irrigation communities have
refused to join the Mancha Occidental General Irrigation Community and therefore do
not have official representation51.

3.12

Problems, thematic issues, conflicts

Data uncertainties aside, water resources management in the UGB is also constrained
by conflict at two levels: inter and intra-basin.

3.12.1 Inter-basin conflicts
The Tajo-Segura transfer, operational since the late 1970s, is currently a subject for
social and political controversies.
Transfer inputs to the UGB are limited to a maximum of 60Mm3 every three years
(provided that no single year exceeds 30Mm3), all of which is to meet the
environmental needs of Las Tablas de Daimiel National Park. Neighboring Segura
basin (located mostly within the Murcia region) is on the receiving end of most of the
transfer’s 300Mm3/yr average conveyance52.
In semiarid areas such as Castilla-La Mancha and Murcia, water availability is often
understood not only as an agricultural resource, but mostly as a means for touristic
development. Therefore not only farmers, but other sectors of society (building and
hospitality industries), often have a strong interest in whatever may imply access to
further water resources. Given the economic and social importance of these sectors,
water sometimes acquires the highest political relevance.
Within the political arena, opposing factions usually take advantage of emotional terms
such as ‘solidarity’, ‘thirst’ or ‘rightful ownership of water’. As a result, citizens easily
feel cheated of their rights and social conflicts arise.
51
These have joined Spain’s Association of Groundwater Users (AGU) under civil law (and not under the
1985 Water Code). While this move was challenged by the Ministry of the Environment, the Supreme
Court has upheld the right of these communities to constitute civil associations. In recent years, the AGU
has built up momentum, and has been joined by other irrigation communities from all around the country.
52
The transfer was dimensioned for 1,000Mm3/yr, although conveyance is restricted by law to a maximum
3
600Mm /yr. It seems that this volume has never been transferred within a single year.
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People in Castilla-La Mancha often contend they should have a priority over TajoSegura flows, since the transfer uptake is located in the Upper Tajo basin (which in turn
lies within the Castilla-La Mancha autonomous community, see 3.3.1). Segura people
usually flag their historical rights to the transfer in response to this claim. Whenever
Castilla-La Mancha points at the disarray in water resources management within the
Segura basin (probably a fair call) the accusation is frequently replicated.
In recent times, the Castilla-La Mancha regional government has made a strong push
to ‘recover’ the water from the transfer, arguing that it is needed in order to ensure
urban supply to the UGB. This claim, seemingly an overstatement (Gascó et al 2004),
has put Spain’s central government (currently of the same political party) in a difficult
position. This is the source of a widely reported conflict between both governments.
On the other hand, most people in Murcia feel their economic development over the
last two decades is partly due to water imports, and are not willing to surrender their
current supply from the Tajo-Segura transfer. Particularly after last year’s derogation of
the 1,000Mm3/yr Ebro water transfer, Murcia people felt they cannot afford to ‘lose’
their historical rights to the Tajo-Segura transfer as well. As a result, they have been
quick to organise their defense, hosting several large demonstrations to maintain the
status quo.
The latest development in this controversy was enacted by Spain’s 2005 Water Plan.
The plan made a provision that a yearly 60Mm3 from the Tajo-Segura flows will be
trasferred to the UGB for urban supply purposes. Both Murcia and Castilla-La Mancha
consider this solution inadequate.
Spain’s central government commissioned a group of experts in 2004 to assess the
potential effectiveness of diverting the Tajo-Segura transfer to the UGB. While the
veredict of the commission is known to be negative to the transfer, the body of the
report remains unpublished. Some members of this commission, however, have
seemingly made their conclusions available via the Fundación Nueva Cultura del Agua
(Gascó et al 2004).

3.12.2 Intra-basin conflicts
A number of conflicts also exist within the UGB. These generally involve farmers (as
main water consumers) against other collectives or the RBA.
Underlying to all the current UGB water issues is the conflict between farmers social
and economic development and the environmental needs of groundwater-dependent
wetlands (significantly, Las Tablas de Daimiel National Park). In the last two decades,
the RBA has been forced to apply a series of (mostly unsuccessful) measures to reach
a ‘sustainable’ use of the area’s aquifers. Most of these have ultimately been an
attempt to recover the area’s wetlands; take for instance the AEP, widely known in the
area as the ‘wetlands plan’. Thus, WFD requirements to reach a sound state of water
bodies in all member states remain a considerable challenge in the UGB.
Since many farmers depend directly on groundwater resources, top-down measures
like compulsory pumping restrictions and closure of wells are highly unpopular. In the
current disarray of groundwater rights (5,000 open lawsuits of farmers on the RBA) and
resources (about 25,000 illegal wells only in UH04.04), the RBA has neither the human
resources nor the economic means to enforce its own regulations. Thus, laws are
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widely ignored (although some farmers blame the current situation on the RBA’s
neglect).
It seems, however, that the awareness for a more thoughful use of water is slowly
becoming widespread. As a result, some irrigation communities within the Mancha
Occidental aquifer are beginning to draw up their own inventories of wells and irrigated
surfaces (take for instance Villarrobledo).
Disputes among farmers are particularly complex and deserve special attention. For
one, ‘legal’ well-owners feel they have a right to complain about illegal well-owners53.
The rationale behind their claim is that they (legal ones) are forced to comply with
pumping restrictions under the threat of legal sanctions. In contrast, the RBA cannot
control illegal users. Therefore, it is illegal well-owners that ultimately reap the benefits,
as they can appropriate any water savings achieved by legal ones, while not facing any
immediate threat of punishment.
Another conflict exists between small farmers (those who make a living out of
agriculture) and large land-owners (for whom their farm may be one of several
businesses).
Small farmers often point out that only 160 large land-owners (out of several thousand
farmers) account for 40% of UH04.04 water use (JM Oñate, COAG-IR, pers. comm.,
October 6, 2005). In addition, they contend that large land-owners (whom they call
‘office farmers’) were better informed and therefore quicker to attain prominent
positions in the institutional framework (namely, irrigation communities), while small
farmers ‘were too busy working the land’. Finally, small farmers claim that as a result,
large land-owners now steer irrigation communities, and take advantage of their
position to manage subsidies at will and to look after their own interests54.
The truth, or so it seems, is that large land-owners (maybe due to the fact that many do
not work the land directly), have generally managed to stay on the ‘legal’ side. It is
therefore frequent to find large proprietors leading irrigation communities and in turn
blaming UH04.04 water problems on ‘the illegals’ (most of which are probably small
farmers) as well as on the ‘negliglent attitude’ of the RBA (Olmedo 2002).
Some representatives of environmental conservation groups fuel the debate by arguing
that UGB water conflicts have now ‘become a business’ for many. This essentially
implies that so long as there are subsidies to profit from, there will be no decided push
to overcome the existing (environmental) problems (JM Hernández, Ecologistas en
Acción, pers. comm. October 6, 2005).
The Tajo-Segura transfer is also a source of contention within the basin. While regional
and central governments differ over this issue, farmers are almost unanimously in
favor. Environmental consevation groups interpret that, since water triggers subsidies,
farmers always lobby for whatever means more water. They claim that this attitude
often ignores whether water is actually required, as well as the potential environmental
impacts and economic implications on tax-payers. This conclusion seems akin to those
by Gascó et al (2004).

53

In regard to wells, the line between legal and illegal is becoming increasingly diffuse. Particularly so
since many legal owners seem to have deepened their wells, thus contravening the declarations of
overexploitation. In addition, it seems that a considerable number of farmers own both legal and illegal
wells.
54
A summary of small farmer reivindications is provided by Oñate (2004).
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Another significant water conflict, although perhaps not as widely voiced, currently
takes place in UH04.06. As stated before, this aquifer was declared ‘definitely
overexploited’ in 1989. This measure was highly controversial at the time and
continues to be so to this day. Despite claims that groundwater withdrawals in this
aquifer are currently controlled55 (Lopez-Gunn 2003), it does not currently look as
though the declaration will be lifted in the near future. This poses a source of
contention between the Association of Private Groundwater Users of Aquifer 24
(Aquifer 24 being a former denomination for UH04.06) and the RBA.

3.13

River basin management plans

Since the definite declarations of overexploitation, yearly plans for groundwater
abstraction exist for UH04.04 and UH04.06 (see 3.7). However, due to the practical
constrains outlined throughout this document, the RBA has been unable to enforce
these strictly.
The 2001 National Water Plan Law established that a specific water plan for the UGB
should be presented to Parliament within one year. A first draft was released by the
RBA in early 2004, but found stiff opposition in the shape of sixty three alegations from
all sectors (municipal authorities, farmer unions, environmental conservation groups,
individual users and even the Castilla-La Mancha government).
In view of these, the Ministry of the Environment (dependent on Spain’s central
administration) and the Castilla-La Mancha regional government recently agreed on a
joint committee to implement a second draft. The Upper Guadiana task force is divided
equally between both institutions, with representatives from the environment,
agriculture and public works departments of the regional government and a commision
from the RBA on the part of Spain’s central administration56.
The basic objective of the new plan is to reach and maintain a ‘sustainable’ use of the
Upper Guadiana’s aquifers (CHG 2005b). This mostly implies the recovery (quantitative
and qualitative) of both overexploited aquifers (UH 04.04 and UH 04.06) as well as of
the associated environmental systems.
Draft directives for the new Upper Guadiana plan have been proposed in agreement
with Directive 2000/60/CE (Water Framework Directive) and can be found online at the
RBA’s website (http://www.chguadiana.es/publica/index.htm). These state that a forum
for stakeholder participation will be set up ‘in due time’, and that forum input will be
taken into account for the final version of the plan.
The index of guidelines is an 88-page document, perhaps more akin to a land-use plan
than to a water plan. This document covering a series of points that have been
summarised below:
Geographical scope and characterisation of water bodies
Objectives and scenarios to take into account
Measures to achieve the objectives
o Current measures
55

According to the RBA, groundwater withdrawals in UH04.06 are currently below 50% of the aquifer’s
renewable resources (see Table 3).
56
A document of guidelines has been presenter for the new UGB water plan (CHG 2005b). According to
this document, a draft of the plan will come out for public consultation in due time. Some stakeholders
perceive this as a limitation to their input, rather than as sufficient participation.
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o Organisational measures
o Measures to enhance the knowledge of UGB aquifers
o Water management
o Water quality protection
o Reorganisation of water uses
o Agricultural policy
o Urban water supply
o Habitat protection
o Information
o Plan monitoring
Environmental and socio-economic cost-benefit analysis
In turn, the index outlines a series of ambitious actions under each of these headings.
Still in the early stages of development, it is expected that the new plan will come out
for public consultation before 2006.

3.14

Monitoring, information management

Water monitoring and information management in the Guadiana UGB is mostly a
responsibility of the the RBA. Other institutions, however, are in possession of
important data. The Geological Survey of Spain was formerly in charge of aquifer
monitoring, and still maintains part of the network (as well as a significant amount of
groundwater data). The Instituto Nacional de Meteorología (INM) gathers and
interpretes most weather-related data, while the Centre for Hydrographical Studies and
Experimentation (CEDEX) also maintains a database of surface water features57.
3.14.1 Surface water
Dam storage data is updated weekly, and accessible at the official RBA website
http://www.chguadiana.es/publica/presas/resprov.htm (CHG 2001).
RBA gauging stations are known to be currently operational in all UGB river courses
(Figure 5). However, no online data seems to be available.
The INM runs several weather stations scattered throughout the UGB, where at least
daily rainfall, insolation, atmospheric pressure, temperature and wind data is collected.
3.14.2 Groundwater
Piezometric data series in UH 04.04 exist since the early 1970s. Eighty piezometers
are currenly operational, where measures are taken twice a year (IGME 2004).
The piezometric network is far from extensive (see Table 17), with perhaps only fifteen
reliable piezometers (flash network) operational in UH 04.04 (one every 350km2), and
twenty in UH 04.06 (one every 140km2). These are however, evenly spread throughout
the hydrogeological units. Monthly data is currently available from the RBA website and
from IGME reports (CHG 2001, IGME 2004). No online information seems to be
available for UH 04.01, UH 04.02 or UH 04.03.
It is generally accepted that groundwater quality networks are in need for considerable
improvement, particularly given the requirements of the EU’s Water Framework
Directive. No quality data seems to be available online.
57

For NeWater purposes, the RBA will be the main data supplier.
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Table 17. Groundwater monitoring network (modified from CHG 2005b).
2

UH
04.01
04.02
04.03
04.04
04.06

3.15

Surface (km )
3,023
1,078
1,438
5,210
2,543

Control points
18
3
2
44
20

Strategies for adaptive management

No adaptive management strategies as such exist in the UGB to date. It is expected
that the NeWater project may contribute to create an awareness for the need of such
practices.

3.16

Tools

A tool for IWRM is defined as “something (either tangible or intangible) used to support
operational actions in performing IWRM. Hence, we consider tools to be e.g.
guidelines, procedures, protocols, methods, techniques, an artefact, a device, an
apparatus, and software programmes” (document sent by GEUS NeWater partners on
June 22, 2005).
It would be impossible to list all tools currently operational in the UGB that fit within this
definition. Therefore this section is restricted to outlining some of the main ones (aside
from conventional water management tools such as dams, canals and wells):
Institutional framework for water management
o Guadiana RBA (management, planning and participation branches)
o Water User Associations
Monitoring tools (see 3.14)
o Piezometric network
o Groundwater quality network
o Weather stations
o River gauging stations
o Reservoir gauging stations
Management and planning tools
o Guidelines for the new Upper Guadiana plan (see 3.13)
o Yearly groundwater pumping plans
o Agro-environmental plan (identified by GWP as a tool to restore
groundwater levels (Menendez 2001)).
o Hydrogeological models
Some required tools as outlined by stakeholders include:
o Educational tools (fliers, books, videos)
o More refined hydrogeological models
o Agronomic models
o Systematic remote sensing to track down irrigated surface
o Economic assessment of crops
o Adequate monitoring of wells (inventory) and groundwater rights
o Dissemination of report and model results via the internet
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o

Training courses on water aimed at specific sectors (school teachers
and farmers are perceived as potential target groups given their ripple
effect in society)

3.17

Capacity building

The first step towards achieving this goal was to revitalise former communication
networks (like the PAS58 project seminars) thus providing a framework for stakeholders
to find themselves at ease and to discuss water related issues. This was perceived as
a much needed step, particularly given the current climate of mistrust among
stakeholders.
NeWater Meetings #0 and #1, devoted almost exclusively to UGB issues, were held in
Madrid on April 18 and October 6, 2005, respectively, and contributed to this
objective59.
The next strategic move relates to providing water education for the general public. As
this would probably be too broad an objective, workshops will be organised targetting
specific groups whose impact can be felt at a large scale (namely, school teachers and
farmers).
In addition, further stakeholder meetings will be held in coming months. These will
focus on particular issues:
a) Technical: How to attain a better knowledge of the hydrological system
(surface and groundwater, quality and quantity).
b) Institutional and legal: To do with the implications of groundwater rights.
c) Economic: Related to the system’s vulnerability to oncoming challenges (WTO
meeting outcomes, CAP reforms, and so forth).

58

Informal platforms for discussion have been set up in the past, particularly through the Botín Foundation
Proyecto Aguas Subterráneas (PAS), a private 1.3M€ venture led by WP3.4 Case Study Coordinator. PAS
ecompassed two phases. The first one was mainly devoted to analysing the situation of groundwater
resources in Spain in a multidisciplinary way (legal, economic, institutional, etc). This first phase included
several seminars on groundwater. Approximately half of the second phase (2001-2003) was devoted to
analysing the conflicts between groundwater development and wetland conservation. One of this
meetings, particularly relevant to the UGB, was held in Daimiel (Ciudad Real). The PAS project provided a
significant first step towards a framework for capacity building: under the guarantee of confidentiality,
stakeholders found a place where to discuss water-related issues. In essence, PAS set up an informal
stakeholder network which has been very useful in terms of identifying and contacting the main
stakeholders for the NeWater project.
59
Headings 3.15, 3.16 and 3.17 should be read jointly with NeWater Deliverable 3.4.2: “Stakeholder needs
regarding research, tools and capacity building” (Llamas et al 2005).

44

4. Conclusions
Semiarid Upper Guadiana basin is a paradigmatic case of social and economic
development based on intensive groundwater use for irrigation. The Mancha
Occidental aquifer (UH04.04), spanning an area of about 5,000km2, is by far the
region’s most relevant area from the economic, social and hydrological point of
view.
Although urban and industrial uses have an obvious relevance, irrigation accounts
for over 90% of water use in the Upper Guadiana basin, and is therefore the key to
water resources management in the area.
For decades, intensive groundwater development has taken place in an anarchical
manner. As a result, groundwater irrigation has not only triggered abundant social
and economic benefits, but also some environmental consequences.
o Aquifer renewable resources have increased considerably due to water
table depletion.
o This has taken place at the cost of degrading groundwater-dependent
ecosystems of unique environmental value (significantly Las Tablas de
Daimiel National Park).
Uncontrolled groundwater development (together with the implications of the 1985
Water Act) has also led to a complex legal and administrative situation over
groundwater rights, whereby illegal wells are probably a majority in UH04.04 and
no reliable estimates exist as to irrigation data (i.e. pumping, number of wells,
irrigation surface, cropping patterns or water requirements per crop).
As a result of the above, conflict is widespread among the area’s main water
actors: Guadiana RBA, Castilla-La Mancha regional government, farmers and
environmental conservation groups. Political disputes also exist between the Upper
Guadiana basin and neighboring Segura basin. These revolve around Tajo-Segura
transfer flows (a 60Mm3/yr diversion for UGB urban supply was approved by
Spain’s 2005 National Water Plan earlier this year).
While stakeholder participation currently exists at the institutional level, most water
users consider the scope of this practice to be insufficient. Aside from NeWater
workshops, informal interaction processes are almost non-existent.
Appropriate data gathering and monitoring is a much required step in order to
ensure an adequate water management in the UGB. This in turn requires an effort
on all parts in terms of transparency.
Water education campaigns also appear a desireable tool in order to increase
public awareness over these issues. NeWater will host some workshops aimed at
groups with a potential ripple effect in society, namely school teachers and farmers.
The idea of these workshops is to act as a catalyst for future initiatives.
As the Water Framework Directive looms over future water policy, uncertainties
such as the impacts of a new CAP, EU’s preferential agreements with Magreb
countries, or a hypothetical entrance of Turkey in the EU may heavily conditition
UGB development. Identifying the more resilient aspects of the system within this
context, as well as its key drivers for change, is essential to evaluate potential
future scenarios and to devise a sustainable (and adaptive) water policy.
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Acronyms
AEP

Plan de Compensación de Rentas (Agro-Environmental Plan)

ASAJA

Asociación Jóvenes Agricultores (Association of Young Farmers, farmer union)

CAP

European Union Common Agricultural Policy

CAMA

Conserjería de Agricultura y Medio Ambiente (Department for Agriculture and the
Environment, Castilla-La Mancha Regional Government)

CEDEX

Centro de Estudios Hidrográficos y Experimentación del Ministerio de Obras Públicas
(Centre for Hydrographical Studies and Experimentation, Spain’s Ministry of Public
Works)

CHG

Confederación Hidrográfica del Guadiana (Guadiana River Basin Authority)

COAG-IR

Coordinadora de Agricultores y Ganaderos – Iniciativa Rural (Coordinator of Farmers
and Stockbreeders – Rural Initiative, farmer union)

GEUS

Geological Survey of Denmark and Greenland

GWP

Global Water Partnership

DMA

Directiva Marco del Agua (Water Framework Directive)

EU

European Union

FMB

Fundación Marcelino Botín (Marcelino Botín Foundation)

IGME

Instituto Geológico y Minero de España (Geological Survey of Spain)

IWRM

Integrated Water Resources Management

INM

Instituto Nacional de Meteorología (National Weather Institute)

MAPA

Ministerio de Agricultura, Pesca y Alimentación (Ministry of Agriculture, Fisheries and
Food)

OECD

Organisation for Economic Cooperation and Development

PAS

Proyecto Aguas Subterráneas (‘Project Groundwater’)

RBA

River Basin Authority

SIAR

Sistema de Información Agroclimática para Regadío (Agroclimatic Information Systems
for Irrigation)

SGOP

Servicio Geológico de Obras Públicas (former denomination for IGME)

UCM

Universidad Complutense de Madrid

UH

Unidad Hidrogeológica (Hydrogeological Unit)

UN

United Nations

UNESCO

United Nations Educational, Scientific and Cultural Organisation

UPM

Universidad Politécnica de Madrid

UGB

Upper Guadiana Basin

WFD

Water Framework Directive

WTO

World Trade Organisation

WUA

Water User Association

46

References
Acreman MC (2000a) (ed). GRAPES Project: Guidelines. Groundwater and River Resources Programme
on a European Scale (GRAPES). Report to the European Union ENV4-CT95-0186. Institute of Hydrology,
Wallingford, UK. 248p
Acreman MC (2000b) (ed). GRAPES Project: Technical report. Groundwater and River Resources
Programme on a European Scale (GRAPES). Report to the European Union ENV4-CT95-0186. Institute of
Hydrology, Wallingford, UK. 82p
Álvarez Cobelas M and Cirujano TS (1996). Las Tablas de Daimiel: ecología acuática y sociedad.
Organismo Autónomo de Parques Nacionales. Madrid.
Bromley J, Cruces J, Acreman M, Llamas MR and Martinez-Cortina L (2001). Problems of sustainable
management in an area of overexploitation: The Upper Guadiana catchment, Central Spain. Water
Resources Development 17:379-396
California Coastal Commission (1994). Procedural guidance for the review of wetland projects in
California’s coastal zone. Chapter 3. California Coastal Commission, San Francisco. Available online:
http://www.coastal.ca.gov/wetrev/wetch3.html (October 2005).
CAMA (1997). Solicitud de prórroga para el período 1998-2002 del Programa de Compesación de Rentas
Agrarias en las UUHH de Mancha Occidental y Campo de Montiel. Conserjería de Agricultura y Medio
Ambiente. Toledo, Spain.
Carrasco M (2002). Daimiel como paradigma de los conflictos entre comunidades de usuarios de aguas
subterráneas y humedales de alto valor ecológico. In: C Coleto, L Martinez-Cortina and MR Llamas (eds).
Conflictos entre el desarrollo de las aguas subterráneas y la conservación de los humedales. Fundación
Marcelino Botín. Ediciones Mundiprensa. Madrid, p3-68
CHG (1995). Control de urgencia del Régimen de Explotación del recurso hidráulico en los acuíferos de la
Mancha Occidental y Campo de Montiel. Año 1995. Informe resumen del acuífero de la Mancha
Occidental. Reference 12/95. Guadiana RBA. MOPTMA. 221p
CHG (1996). Planteamiento de futuras actuaciones para la solución de los problemas hídricos del territorio
de la cuenca alta del Guadiana relacionado con los acuíferos de la Mancha Occidental y Campo de
Montiel. Guadiana RBA. MIMAM. 43p plus appendices.
CHG (2001). Guadiana River Basin Authority. Official website. Guadiana RBA. Ministerio de Medio
Ambiente. http://www.chguadiana.es/publica/index.htm (October 2005).
CHG (2005a). Trabajos sobre los Artículos 5 y 6 de la Directiva Marco del Agua de la Unión Europea en la
cuenca del Guadiana y en los ámbitos complementarios de los ríos Tinto, Odiel y Piedras. Ministerio de
Medio Ambiente. Guadiana RBA. Available online: http://www.chguadiana.es/publica/index.htm (October
2005).
CHG (2005b). Plan Especial del Alto Guadiana: borrador del documento de directrices. Ministerio de
Medio Ambiente. Guadiana RBA. Available online: http://www.chguadiana.es/publica/index.htm (October
2005)
COAG-IR (2005). Dossier sobre la cuenca del Alto Guadiana y el acuífero 23. Jornada Profesional sobre
el futuro del regadío en la cuenca alta del Guadiana. Coordinadora de Agricultores y Ganaderos/Iniciativa
Rural por Castilla-La Mancha and Diputación Provincial de Ciudad Real. Manzanares, Spain, July 14,
2005.
Cruces J, Hernández M, Lopez-Sanz G and Rosell J (1998). De la noria a la bomba. Conflictos sociales y
ambientales en la cuenca alta del río Guadiana. Bakeaz 339p
Cruces J and Martínez-Cortina L (2000). La Mancha Húmeda: explotación intensiva de las aguas
subterráneas en la cuenca alta del río Guadiana. Papeles del Proyecto Aguas Subterráneas. Fundación
Marcelino Botín, Serie A(3), 66p
Custodio E (2002). Aquifer overexploitation: what does it mean? Hydrogeology Journal 10:254-277

47

De la Hera A (2002). Caracterización de los humedales de la cuenca alta del Guadiana. In: C Coleto, L
Martinez-Cortina and MR Llamas (eds). Conflictos entre el desarrollo de las aguas subterráneas y la
conservación de los humedales. Fundación Marcelino Botín. Ediciones Mundiprensa. Madrid, p165-196
De la Hera A, González-Monterrubio JM and Llamas MR (2002). Consideraciones sobre la protección
legal de La Mancha Húmeda. Ingeniería del Agua, 9(1):13-24
Delgado C (2002). Medidas de corrección: visión desde la Administración. Cuenca del Guadiana.
Jornadas sobre presente y futuro del agua subterránea en España y la Directiva Marco de la Unión
Europea. Zaragoza, España.
Diaz-Pineda F (unpublished). Sobre el proyecto ‘Abastecimiento a la Llanura Manchega’: Sistema de
Abastecimiento de agua potable a las poblaciones de la Llanura Manchega desde el acueducto TajoSegura. Informe Definitivo. Grupo de Expertos Llanura Manchega. Ministerio de Medio Ambiente. 6p plus
annex.
EUROSTAT (1997). Regions. Statistical yearbook. Luxembourg.
Fornes J, De la Hera A, and Llamas MR (2004). La propiedad de las aguas subterráneas en España: la
situación de Registro/Catálogo. Ingeniería del Agua, 12(2):125-135
Fornes J and Llamas MR (2004). Conflictos del agua en el Alto Guadiana. In: F Martínez-Gil (ed). Una
Nueva Cultura del Agua para el Guadiana. Fundación Nueva Cultura del Agua. Zaragoza, Spain, p289302
García-Carretero M (2002). Situación legal de las aguas subterráneas en la cuenca alta del Guadiana. In:
C Coleto, L Martinez-Cortina and MR Llamas (eds). Conflictos entre el desarrollo de las aguas
subterráneas y la conservación de los humedales. Fundación Marcelino Botín. Ediciones Mundiprensa.
Madrid, 103-144
Gascó JM, López-Sanz G and Naredo JM (2004). Informe sobre los problemas del agua en La Mancha y
sus posibles tratamientos, con un dictamen sobre el Proyecto de Trasvase Tajo-La Mancha llamado
Sistema de abastecimiento de agua potable a las poblaciones de la llanura manchega desde el acueducto
Tajo-Segura. New Water Culture Foundation. Available online: http://www.unizar.es/fnca/docu/docu85.pdf
(October 2005).
Garcia Rodriguez M and Llamas MR (1992). Aspectos hidrogeológicos en relación con la génesis y
combustión espontánea de las turbas de los Ojos del Guadiana. Actas del III Congreso Geológico de
España. Salamanca, 23-26 June 1992. Volume 2, p285-293
Garrido A, Martínez-Santos P and Llamas MR (in press). Groundwater irrigation and its implications for
water policy in semiarid countries: the Spanish experience. Hydrogeology Journal. Theme Issue:
Groundwater socio-economy. Expected February 2006.
Hardin G (1968). The tragedy of the commons. Science, 162:1243-1248
Hernandez-Mora N (2002). Groundwater management in Spain: local institutions for collective
management of common pool resources. An analysis of three cases from La Mancha. MSc Thesis.
Gaylord Nelson Institute for Environmental studies. University of Wisconsin-Madison. 147p + appendices
Hernandez-Mora N (2004). El papel de los usuarios en la gestión del agua en el acuífero de la Mancha
Occidental: Oportunidades ante una situación de conflicto y carestía. IV Congreso ibérico sobre gestión y
planificación del agua. Organised by the Fundación Nueva Cultura del Agua. Tortosa, 8-12 December
2004. Available online: http://www.us.es/ciberico/archivos_acrobat/zaracomun4hernandezmo.pdf (October
2005).
IGME (1999). Unidades hidrogeológicas de España. Mapa y datos básicos. Geological Survey of Spain.
Madrid. 34p and maps + CD ROM.
IGME (2004). Evolución piezométrica de la UH 04.04 Mancha Occidental y del entorno del Parque
Nacional de Las Tablas de Daimiel. Informe 4. Geological Survey of Spain. Ministerio de Educación y
Ciencia, 19p plus appendices.
Júdez L, de Andrés R and Urzainqui E (2003). Valoración económica de humedales: valor de uso
recreativo de Las Tablas de Daimiel. Metodología y resultados. In: P Brufao and MR Llamas (eds)
Conflictos entre el desarrollo de las aguas subterráneas y la conservación de los humedales: aspectos

48

legales, institucionales y económicos. Fundación Marcelino Botín. Ediciones Mundiprensa. Madrid, 243262
Llamas MR (1988). Conflicts between wetland conservation and groundwater exploitation: Two case
histories in Spain. Environmental Geology and Water Sciences, Springer Verlag, 11(3):241-251
Llamas MR (1989). Wetlands and groundwater: new constrains in groundwater management. In: A
Sahuquillo (ed), Groundwater management, International Association of Hydrological Sciences, 188:595604
Llamas MR (1992). La sobreexplotación de las aguas subterráneas ¿bendición, maldición o entelequia?
Tecnología del Agua (91):54-68
Llamas MR (1994). Four case histories of real or pretended conflicts between groundwater exploitation
and wetlands conservation. Water Down Under 94, Institution of Civil Engineers of Australia, Barton,
Australia, ISBN: 85825 607X, p493-497
Llamas MR (2003). Lessons learnt from the impact of the neclected role of groundwater in Spain’s water
policy. In: W Wood and AS Aisharhan (eds), Water resources perspectives: evaluation, management and
policy. Elsevier Publishers. Amsterdam, 63-81
Llamas MR (2005). Lecciones aprendidas en tres décadas de gestión de las aguas subterráneas en
España y su relación con los ecosistemas acuáticos. Gonzalez-Bernaldez Lecture 2005. Universidad
Autónoma de Madrid, Spain. 66p
Llamas MR, Back W and Margat J (1992). Groundwater use:equilibrium between social benefits and
potential environmental costs. Applied Hydrogeology, Heise Verlag, 1(2):3-14
Llamas MR, Casado M, De la Hera A, Cruces J and Martinez-Cortina L (1996). El desarrollo sostenible en
la cuenca alta del Guadiana. Aspectos socioeconómicos y ecológicos. RETEMA. Medio Ambiente
(septiembre-octubre): 66-74
Llamas MR and Custodio E (eds). Intensive Use of Groundwater. Challenges and Opportunities. Balkema
Publishers. The Netherlands, 478p.
Llamas MR, Fornes J, Hernández-Mora N and Martínez-Cortina L (2001). Aguas subterráneas: retos y
oportunidades. Fundación Marcelino Botín. Ediciones Mundiprensa. 529p
Llamas MR and Martínez-Santos P (2005a). Intensive groundwater use: silent revolution and potential
source of social conflict. ASCE Journal of Water Resources Planning and Management. Editorial
September/October 2005, 337-341
Llamas MR and Martínez-Santos P (2005b). The Silent Revolution of intensive groundwater use: pros and
cons”, Guest Editorial, Ground Water, 43(2):161
Llamas MR, Martínez-Santos P and De la Hera A (2005). Stakeholder report for research tools and
capacity building. Report to the European Union. NeWater Project: “New approaches to adaptive water
th
Management under uncertainty” (Contract no. 511179 GOCE). 6 Framework Programme, Priority 6.3
(Global Change and Ecosystems). Deliverable 3.4.2. Universidad Complutense de Madrid, Spain.
López-Gunn E (2003). The role of collective action in water governance: a comparative study of
groundwater user associations in La Mancha aquifers, Spain. Water International, 28(3):367-378
López Sanz G (1996). La economía de los humedales en la Mancha: el fracaso de los enfoques parciales
en el tratamiento de realidades ecosistemáticas. Presented at the V Jornadas de Economía Crítica.
Santiago de Compostela, Spain.
López Sanz G (1997). Experiencia del programa de compensación de rentas en La Mancha. Tesis
Doctoral: Universidad de Castilla - La Mancha. Ciudad Real, Spain. Available online:
www.us.es/ciberico/eaeanexo4mancha.doc (June 2003)
MAPA (1997). Análisis de resultados del ejercicio 1996. Ministerio de Agricultura, Pesca y Alimentación.
Dirección General de Planificación y Desarrollo Rural.
Martinez-Cortina L (2002). Marco hidrológico de la cuenca alta del Guadiana. In: C Coleto, L MartinezCortina and MR Llamas (eds). Conflictos entre el desarrollo de las aguas subterráneas y la conservación
de los humedales. Fundación Marcelino Botín. Ediciones Mundiprensa. Madrid, 3-68

49

Martinez-Santos P (forthcoming). Towards intergrated water resources management in the Upper
Guadiana basin. PhD Thesis. Faculty of Geological Sciences. Universidad Complutense de Madrid, Spain.
Martinez-Santos P, Castaño S, Santisteban JI, Martinez-Alfaro PE, Mediavilla R and Lopez-Pamo E
(2004). Evolución climática durante el último siglo (1904-2002) en el Parque Nacional de Las Tablas de
Daimiel. Geotemas 6(5):129-132
Menendez M (2001). Spain: managing water demand in the Upper Guadiana basin. Global Water
Partnership
Toolbox.
Available
online:
http://gwpforum.netmasters05.netmasters.nl/en/listofcasesFrame_en.html (September 2005).
Mejías M (2001). Contribución al conocimiento hidrogeológico de la unidad hidrogeológica 04.04 (Mancha
Occidental). Análisis de la evolución piezométrica. VII Simposio de Hidrogeología. Asociación Española
de Hidrología Subterránea. Murcia, España.
Moench M (2003). Groundwater and Poverty: exploring the connections. In: MR Llamas and E Custodio
(eds), Intensive Use of Groundwater. Challenges and Opportunities. Balkema Publishers. The
Netherlands, 441–456
OECD (1996). Territorial indicators of employment. Focusing on rural development. Paris.
Olmedo A (2002). La participación ciudadana y las comunidades de usuarios en la getión de las aguas
subterráneas y de los humedales de Castilla-La Mancha. In: C Coleto, L Martinez-Cortina and MR Llamas
(eds). Conflictos entre el desarrollo de las aguas subterráneas y la conservación de los humedales.
Fundación Marcelino Botín. Ediciones Mundiprensa. Madrid, 325-346
Oñate JM (2004). El acuífero 23: perspectiva de un regante. In: Martínez Gil (ed), Una nueva cultura del
agua para el Guadiana. Fundación Nueva Cultura del Agua, Zaragoza. 499p
Price M (2002). Who needs sustainability? In: KM Hiscock, MO Rivett and RM Davison (eds). Sustainable
groundwater development. Geological Society, London, Special Publications 193:75-81
Rodríguez de Liébana JP (2002). La clarificación jurídica de los acuíferos sobreexplotados: El caso de la
Mancha. Comentario. In: S Del Saz, JM Fornés and MR Llamas (eds). Régimen jurídico de las aguas
subterráneas. Fundación Marcelino Botín and Ediciones Mundiprensa. Madrid, Spain. 259-265
Rosell J and Viladomiu L (1999). Wine regime. In: F Brower (ed) CAP Regimes and the European
Countryside: Prospects for integration between agricultural, regional and environmental policies. CAB
International.
Sahuquillo A, Capilla J, Martínez-Cortina L and Sánchez-Vila X (2005) (eds). Groundwater intensive use.
Selected papers of the Symposium on Intensive Use of Groundwater. Valencia, Spain, 10-14 December
2002. Balkema Publishers. London, UK. 393p
SGOP (1991). Evolución de las extracciones y niveles piezométricos en los acuíferos de la Llanura
Manchega y Campo de Montiel. Primera Parte: Llanura Manchega. Referencia 05/91. DGOH, MOPU. 60p
plus annexes.
Tarjuelo JM (1999). Agricultura. In: Diaz-Pineda et al. Comisión de Expertos sobre le Plan de Ordenación
de los Recursos naturales y Desarrollo Sostenible del Alto Guadiana. Dictamen. Prospección, diagnóstico
y propuesta de actuación. Informe para el Organismo Autónomo de Parques Nacionales (MMA) y
Conserjería de Agricultura y Medio ambiente (JCCM).
United Nations (2003). Water for People, Water for Life. UNESCO-WWAP. Paris, France. 576p.
Varela C and Hernandez-Mora N (in press). Institutions and institutional reform in the Spanish water
sector. A historical perspective. In: A Garrido and MR Llamas (eds). Water Policy in Spain. Resources for
the Future Press. Washington.
Varela C and Sumpsi JM (1999). Assessment of cost-effectiveness of policy instruments for sustainable
development in environmentally sensitive irrigation areas. Presented at the IX Congress of European
Association of Agricultural Economists (EAAE). Warsaw, Poland.
Varela C, Sumpsi JM and Blanco M (2002). Analisis económico de los conflictos entre el regadío y la
conservación de humedales en el Alto Guadiana. In: C Coleto, L Martinez-Cortina and MR Llamas (eds).

50

Conflictos entre el desarrollo de las aguas subterráneas y la conservación de los humedales. Fundación
Marcelino Botín. Ediciones Mundiprensa. Madrid, 257-276
Viladomiu L and Rossell J (1997). Gestión del agua y política agroambiental: el Programa de
Compensación de Rentas por reducción de regadíos en la Mancha Occidental y Campo de Montiel.
Revista Española de Economía Agraria, 179:331-350
Viladomiu L and Rossell J (2002). Intensificación agraria, agua y humedales en la cuenca alta del
Guadiana. In: C Coleto, L Martinez-Cortina and MR Llamas (eds). Conflictos entre el desarrollo de las
aguas subterráneas y la conservación de los humedales. Fundación Marcelino Botín. Ediciones
Mundiprensa. Madrid, 277-290
Villarroya F (2000). Inscripción de aprovechamientos en el Registro de Aguas. El proyecto ARYCA. Curso
sobre gestión administrativa de recursos de agua subterránea. Ministerio de Medio Ambiente, Madrid, 25p
Vives, R. (2003). Economic and social profitability of water use for irrigation in Andalusia, Spain. Water
International, 28(3):313-321
Young AR (1996). Surface water studies. In: J Bromley (ed). EFEDA II, Hydrology Group Final Report.
Institute of Hydrology, Wallingford, UK, 1.31-1.62

51

Annexes
1. Upper Guadiana basin
2. Relevant administrative boundaries of Spain

52

Annex 1. Upper Guadiana basin (CHG 2001)

53

Annex 2. Relevant administrative boundaries of Spain

54

