
 

TRITA-LWR Degree Project 
ISSN 1651-064X 
LWR-EX-2015:11 

TOWARDS SUSTAINABLE USE OF 

GROUNDWATER RESOURCES: AQUIFER 23, 
LA MANCHA-SPAIN 

Pablo Doncel Fuentes 

July 2015 



 

 

ii 

© Pablo Doncel Fuentes 2015 
Degree Project in Environmental Engineering and Sustainable Infrastructure  
Division of Land and Water Resources Engineering 
Royal Institute of Technology (KTH) 
SE-100 44 STOCKHOLM, Sweden 
Reference should be written as: Doncel Fuentes, P (2015) “Towards Sustainable Use of 
Groundwater Resources: Aquifer 23, La Mancha-Spain” TRITA-LWR Degree Project 
LWR-EX-2015:11 



Towards Sustainable Use of Groundwater Resources: Aquifer 23, La Mancha-Spain 

 
 

iii 

DEDICATION 

This paper is merely dedicated to La Mancha and deserves starting with a 
quote from the most famous native writer: “...no one should interfere 
where he is not wanted, nor take upon himself a business that in no wise 
is his concern. Besides, you ought to know, that the advice of the poor, 
however good it may be, is never taken…” (Cervantes Saavedra, 1613). 
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RESUMEN  

Los acuíferos constituyen la mayor fuente de agua dulce en la Tierra, 
satisfacen la mitad del consumo humano global y además, sustentan las 
masas de aguas superficiales dependientes de niveles piezométricos 
someros. Sin embargo, su intrínseca complejidad física y extensión 
comporta una gran incertidumbre en la determinación de sus recursos 
renovables y capacidad de uso, que unido a la dispersión de captaciones 
habitualmente operando sin control y por encima de la tasa de natural de 
recarga, provoca inevitablemente el agotamiento de sus recursos 
hídricos. 
El acuífero 23 es uno de los más importantes de España, subyace bajo la 
llanura Manchega y constituye el núcleo central de la cuenca alta del Rio 
Guadiana, con una extensión de 5.500 km2 y un volumen útil de hasta 
4.000 Hm3. Esta masa de agua abastece a 300.000 habitantes de una 
región semiárida con sequías severas, temporales y cíclicas. 
Este embalse subterráneo tiene una capacidad de regulación plurianual, 
capaz de almacenar agua durante los esporádicos periodos lluviosos para 
aliviar gradualmente el exceso a través de numerosas zonas húmedas, 
formadas por la estrecha interconexión entre aguas subterráneas y 
superficiales debido a la escasa pendiente del terreno y a la alta porosidad 
del suelo, que constituían una riqueza ecológica excepcional declaradas 
por la UNESCO Reserva de la Biosfera en 1981. 
En condiciones prístinas la dinámica del sistema se definía por las 
siguientes entradas: infiltración de agua de lluvia y ríos así como 
transmisión subterránea de acuíferos adyacentes; siendo las salidas: 
evaporación de humedales, extracción para uso humano y descarga a 
través del principal aliviadero del acuífero “Los Ojos del Guadiana”, con 
la superficie piezométrica fluctuando levemente en torno a un cierto 
punto de equilibrio. 
La expansión de la agricultura de regadío y la colonización de zonas 
húmedas llevadas a cabo durante el pasado siglo, legalmente amparada y 
promovida por la Administración, incitó un déficit hídrico estructural 
que ha provocado numerosas consecuencias negativas: abandono de 
infraestructura hidráulica histórica, descenso generalizado de nivel 
freático, incremento de costes de bombeo e incluso agotamiento de 
pozos, salinización y contaminación de masas de agua y suelos, así como 
desaparición significativa de humedales, cursos de agua y vegetación 
asociada que indudablemente han contribuido al avance de la 
desertificación. 
Distintas políticas y planes han sido puestos en marcha orientados a 
solucionar la sobreexplotación hídrica y aliviar así la presión sobre los 
ecosistemas asociados, con limitado éxito y considerados como meros 
inyectores de subvenciones sin promover avance alguno en aras de una 
agricultura sostenible. Sin embargo, las teóricas excepciones podrían ser 
el “Programa de Extracciones”, en vigor desde 1997, que limita el 
volumen total a extraer en 230 Hm3/año pero con incierta observancia 
práctica, y el Plan Especial del Alto Guadiana (PEAG), aprobado en 
2008, un ambicioso y costoso proyecto para la recuperación 
medioambiental y la redistribución de derechos de agua entre 
agricultores, sin embargo, fue derogado tras 5 años debido a razones 
políticas y económicas. 
El balance cuantitativo del sistema demuestra que el déficit de 4.000 Hm3 
heredado desde la década de los ochenta ha sido parcialmente cancelado 
gracias al reciente y excepcional periodo húmedo, y además pone de 
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manifiesto la tremenda disparidad temporal de los recursos renovables: 
desde 60 hasta 1.400 Hm3/año. Valor al que deduciendo una demanda 
ecológica de 100 Hm3/año, obtenemos la capacidad de carga media del 
sistema de 340 Hm3/año.  
Por lo tanto, podemos afirmar que bajo la llanura Manchega yace un don 
natural con suficiente volumen para atenuar la irregularidad climática y 
capaz de proveer un suministro fiable de agua para satisfacer las 
demandas del ecosistema. Sin embargo, es imperativo controlar de 
manera efectiva las extracciones, realizar un seguimiento continuo de los 
recursos renovables disponibles, adaptar coherente y dinámicamente las 
concesiones de aguas,  recuperar los cultivos tradicionales con baja 
demanda hídrica, restaurar la morfología fluvial y vegetación asociada y 
por último, operar el acuífero dentro de los límites del volumen activo 
propuesto, potencialmente estimado en 1.500 Hm3.  
Indudablemente, estas simples acciones provocarán numerosos impactos 
positivos: reducción de costes de bombeo, aseguramiento de suministro 
a largo plazo, continuidad de flujo natural a través del sistema con mayor 
potencial de dilución, restauración de zonas húmedas y revivificación del 
auténtico nacimiento del Río Guadiana, además de recuperar otros 
sectores productivos como la pesca y el eco-turismo que seguramente 
aportarán valor añadido y diversificación a la maltrecha economía 
regional.  
En resumen, es absolutamente necesario alcanzar una armonía plena 
entre la producción agraria, bienestar social y económico, así como 
protección y sostenibilidad de la riqueza natural, de acuerdo con la 
Directiva Marco de Agua y la normativa de Reserva de la Biosfera de la 
UNESCO, con el objeto último de asegurar la disponibilidad de recursos 
hídricos a largo plazo, mitigar el avance de la desertificación y los efectos 
del cambio climático. 
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SAMMANFATTNING 

Grundvatten är den vanligaste förekommande källan till sötvatten på 
jorden, uppfyller hälften av den totala konsumtionen i världen utan också 
upprätthåller dessa anknutna ytvattenförekomster som är mycket 
beroende av grunda freatiskta nivåer. Emellertid så är den inneboende 
fysiska komplexiteten och omfattningen av grundvattensystem hindrar 
ofta en tydlig definition av förnybara resurser och bärighet vilket 
summeras till avrinningsområden där spridning vanligtvis arbetar utom 
kontroll och bortom påfyllningsgraden vilket i sin tur leder till en 
oundviklig utarmning av vattenresurser. 
Akviferen 23 är en av de viktigaste akviferena i Spanien, ligger i La 
Mancha slätten och utgör den centrala kärnan i Övre Guadiana 
avrinningsområde (UGB) med en förlängning av 5.500 km2 och en 
nominell användbar kapacitet på 4.000 Hm3. Denna vattenförekomst 
rymmer 300.000 invånare där klimatförhållandena utgör ett klart fall av 
regionen med allvarlig oregelbunden regn vilket innebär säsongsmässig 
och cyklisk torka. 
Denna underjordiska behållare har ett flerårigt kapacitetsreglering,. 
Lagrar vatten under sällsynta fuktiga perioder och gradvis släpper 
överskottet genom 25.000 Ha av våtmarker som bildats av den jämna 
morfologi, den porösa jorden och särskilt sammankoppling mellan yta 
och grundvatten vilket utgjorde en exceptionell ekologisk rikedom 
deklarerat 1981 som UNESCO biosfärområde. 
I orörda förhållanden, dynamiken drivs genom dessa ingångar: direkt 
infiltration från regn och strömmande floder samt underjordiska 
överföringar bildar intilliggande akviferer; och utgångar var 
huvudsakligen avdunstning av våtmarker, mänsklig tillbakadragande och 
den naturliga ansvarsfrihet genom akvifären bräddavlopp "Los Ojos del 
Guadiana", medan freatiskt nivå säsongsfluktuerat kring en viss 
jämviktspunkt. 
Expansion inom jordbruksbevattning och träskåtervinning har utförts 
under 20-talet. Det backas juridiskt och främjas av offentlig förvaltning, 
Expansionen förde ett strukturellt vattenunderskott som har framkallat 
ett flertal negativa konsekvenser: historiska hydrauliska arbeten överges, 
freatiskt bord dramatiska härkomst, högre kostnader av pump och med 
indragning från otillgängligheten, försaltning och förorening av vatten 
och mark och allvarliga försvinnandet av ytvattenförekomster och skogar 
som ökar ökenspridningsfenomen. 
Som svar, flera strategier och planer har använts med knappast positiva 
resultat på vatten och tillhörande ekosystem utarmning återhämtning, det 
precis betraktas som enbart subventionsinjektorer till jordbrukare utan 
att främja miljövänlig teknik mot ett hållbart jordbruk. Undantagen är 
Extraktionsprogram, som är i kraft sedan 1997, vilket teoretiskt har 
begränsat tillbakadragande hastighet från 600 ner till 230 Hm3/år, med 
osäker efterlevnad och övre Guadiana Basin Special Plan (PEAG), 
passerade under 2008, vilket ansågs som ett ambitiöst försök för både 
ekologisk restaurering och omfördelning av tillgång till vatten mellan 
jordbrukare. Dock avvek det efter fem år på grund av politiska och 
ekonomiska skäl. 
Systemet kvantitativa balans visar att den ärvda volymunderskott på 
4.000 Hm3 sedan åttiotalet har varit delvis övervinnande tack vare den 
senaste våta perioden men betonar den enorma skillnaderna i systemets 
förnybara vattenresurser: från 60 upp till 1.400 Hm3/år. Med tanke på en 
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ekologisk efterfråga på 100 Hm3/år så blev bärkraften medelklassade i 
340 Hm3/år. 
Därför enligt La Mancha slätten ligger en naturlig gåva med tillräcklig 
kapacitet för att buffra en sådan oegentlighet som ger en tillförlitlig källa 
till vatten för att upprätthålla alla ekosystem. Det är obligatoriskt att 
effektivt kunna kontrollera abstinenshastigheter, övervaka tillgängliga 
resurser och dynamiskt justera vatten eftergifter, genomföra infödda 
grödor med låg efterfrågan på vatten, återställa den orörda vattenkraft 
morfologi och skogar och i synnerhet driva akvifären inom det 
föreslagna aktiva volymen, potentiellt klassade i 1.500 Hm3. 
Utan tvekan kommer dessa enklare åtgärder ha en positiv inverkan på att 
minska abstinenskostnader, säkerställa en långsiktig försörjning, ge 
kontinuerlig naturlig flöde och högre utspädningspotential, återställa 
våtmarker och liva upp Guadiana verkliga våren, bortsett från att 
återhämta andra produktiva sektorer såsom fiske och miljöturism som 
säkert kommer att tillföra värde och diversifiering till brända regionala 
ekonomin. 
Sammanfattningsvis är det helt obligatoriskt att uppnå en fullständig 
harmoni mellan agrar produktivitet, ekonomisk och social rikedom, 
bevarande av den ekologiska rikedomen och hållbara naturresurser, i 
enlighet med ramdirektivet för vatten (WFD) och UNESCO reservatet 
Biosphere författningar för att minska ökenspridning progression och 
klimatförändringarna. 
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SUMMARY 

Groundwater is the most abundant source of fresh water on Earth, 
satisfies half of the total human consumption worldwide but also, 
sustains those related surface water bodies highly dependent on shallow 
phreatic levels. However, the intrinsic physical complexity and extent of 
Aquifer systems frequently impedes a clear definition of the renewable 
resources and carrying capacity, which summed to catchments dispersion 
usually operating out of control and beyond recharge rates, drive to an 
inevitable water resources depletion. 
The Aquifer 23 is one of the most important Aquifer in Spain, underlies 
in La Mancha plain and constitutes the central core of the Upper 
Guadiana River Basin (UGB) with an extension of 5.500 km2 and a rated 
usable capacity of 4.000 Hm3. This water body sustains 300.000 
inhabitants where climatic conditions represent a clear case of semiarid 
region with severe irregular rainfall events, meaning seasonal and cyclical 
droughts. 
This underground reservoir has a multi-annual regulation capacity, 
storing water during scarce wet periods and gradually releasing that 
excess through 25.000 Ha of marshlands formed by the even 
morphology, the porous soil and particular interconnectivity between 
surface and underground waters, which constituted an exceptional 
ecologic richness declared in 1981 as UNESCO Biosphere Reserve. 
In pristine conditions, dynamics were driven through these inputs: direct 
infiltration from rainfall and flowing Rivers as well as underground 
transfers form adjacent Aquifers; and outputs were mainly evaporation 
of wetlands, human withdrawal and the natural discharge through the 
Aquifer spillway “Los Ojos del Guadiana”, whereas phreatic level slightly 
and seasonally fluctuated around a certain equilibrium point. 
Farming irrigation expansion and marshland reclamation executed during 
the 20th century, legally backed and promoted by Public Administration, 
brought a structural water deficit which have provoked numerous 
negative consequences: historic hydraulic works abandonment, phreatic 
table dramatic descent, higher pumping costs and even withdrawal 
unavailability, salinization and pollution of waters and soils and severe 
disappearance of surface water bodies and forests enhancing the 
desertification phenomenon. 
As response, several policies and plans have been deployed with scarce 
positive results on water and related ecosystem depletion recovery, just 
considered as mere subsidies injectors to farmers without promoting 
environmental-friendly techniques towards a sustainable agriculture at all. 
The exceptions may be the Extractions Program, in force since 1997, 
which theoretically has limited the withdrawal rate from 600 down to 
230 Hm3/year, with uncertain compliance, and the Upper Guadiana 
Basin Special Plan (PEAG), passed in 2008, which was considered as an 
ambitious attempt for both ecological restoration and re-distribution 
access to water among farmers, however, was derogated after 5 years due 
to political and economic reasons. 
The system quantitative balance presented shows that the inherited 
deficit volume of 4.000 Hm3 since the Eighties, has been partially 
overcome thanks to the recent wet period but emphasizes the 
tremendous disparity of system's renewable water resources: from 60 up 
to 1.400 Hm3/year. Then, considering an ecological demand of 100 
Hm3/year, the carrying capacity can averagely rated in 340 Hm3/year. 
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Therefore, under La Mancha plain lies a natural gift with enough capacity 
to buffer such irregularity providing a reliable source of water to sustain 
all the ecosystems, being mandatory to effectively control the withdrawal 
rates, monitor the available resources and dynamically adjust water 
concessions, implement native crops with low water demand, restore the 
pristine hydro morphology and woodlands and especially, operate the 
Aquifer within the proposed active volume, potentially rated in 1.500 
Hm3. 
Undoubtedly, these simple actions will positively impact on reducing 
withdrawal costs, ensure long-term supply, provide continuous natural 
flux and higher dilution potential, restore marshlands and enliven the 
Guadiana River real spring, apart from recovering other productive 
sectors such as fisheries and eco-tourism that surely will add value and 
diversification to the scorched regional economy.  
In conclusion, it is completely mandatory to achieve a full harmony 
between agrarian productivity, economic and social wealth, preservation 
of the ecological richness and sustainable use of the natural resources, 
accordingly to the Water Framework Directive (WFD) and UNESCO 
Reserve of Biosphere regulations, in order to ensure long-term water 
resources availability, mitigate the desertification progression and climate 
change effects. 
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ABSTRACT 

La Mancha Plain lies in the core of Spain and partially stretches over the Guadiana 
River Upper Basin (UGB), is one of the most arid regions of the Iberian Peninsula, 
indeed “La Mancha” in Arabic means “the dry”, and also houses a vast Aquifer that 
has supported the related numerous marshlands and hydro-ecosystems in harmony 
with the human development till the 1970s, when the “Agrarian Green Revolution” 
commenced. 
Land reclamation over River and lagoon beds joined to the irrigation implementation 
of more than 150.000 Ha have badly bled the water resources to the maximum usable 
limit, lowering the phreatic table down to 60 meters, provoking a serious ecological 
damage for the 25.000 Ha of wetlands highly dependent on shallow phreatic levels. 
Recently, Nature granted the wettest period ever registered in the area (2009-2012) 
which caused an incredible natural replenishment of that Aquifer deficit. However, 
even though several costly plans and policies have been undertaken, it is still pending 
to effectively control the extractions, to manage the Aquifer within a portion allowing 
a certain continuous upwelling to enliven the Guadiana River real spring, and also, to 
adjust the essential agriculture sector to the environmental conditions and carrying 
capacity of the system. 

Key words: Water scarcity; Water resources management; Aquifer carrying 
capacity; “La Mancha Húmeda” Biosphere Reserve. 

1. INTRODUCTION 

Water is vital to support all forms of life on earth, essential for the well-
being and development of mankind as well as the basic requirement for 
the health of the ecosystems. The Earth contains a large amount of 
water, but only the 2.5% is fresh and is located in glaciers, groundwater, 
lakes and Rivers. A major portion of the world’s fresh water (69%) is in 
the form of glaciers and permanent snow cover in the Arctic and 
Antarctic regions, 31% is in the ground and a small portion (0.3%) 
corresponds to lakes and Rivers (ICOLD, 2007). 
Nowadays, groundwater is the most abundant and important source 
of fresh water with a yearly withdrawal rate of 700 km3 and satisfies 
the half of the urban demands worldwide (Llamas Madurga, n.d.). Its 
recharge comes mainly from rain and snowfalls that infiltrate into the 
ground, as water moves down because of gravity, passing between 
soil particles until reaching a certain depth saturated with water which 
is water table or phreatic level (Fig. 1). 
An Aquifer is a geological formation able to store or transmit significant 
quantities of water. Usually, the natural discharge of the Aquifers to the 
surface is wetlands or springs located in the intersection of the 
topographic with the phreatic elevation, forming significant and rich 
ecological areas which are evidently fully depending on water availability 
and Aquifer management.  
In many areas of the World where surface water is scarce, groundwater 
represents the main support to the livelihoods providing the whole water 
resource for domestic, agricultural and industrial use. It also offers two 
significant advantages over traditional surface water irrigation: resources 
are more resilient to droughts ensuring a reliable water supply, even 
during dry periods, and it can be obtained individually whenever required 
(Llamas Madurga & Martínez-Santos, 2005). 
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Fig. 1. Groundwater scheme (Ramsar, 2007). 
Generally, wells are installed over the whole Aquifer surface anarchically 
so, the spatial expansion and diffuse catchments location is the worst 
disadvantage to ensure a proper control and long-term sustainable use. 
Obviously, if the withdrawal rate goes beyond the recharge during a long 
period of time, the system’s water budget will be negative, the 
groundwater storage will deplete and phreatic level will drawdown and 
therefore, the surface water-dependant ecosystems will be seriously 
affected. Then, water resources and wetlands must be managed in an 
integrated manner to ensure the sustainability of the ecosystem and 
water availability. Wise use of water and wetland resources is particularly 
important in arid lands where water is often the limiting factor for 
human and ecosystem health (Ramsar, 2007). 
The proposed study case has been especially object of research, being the 
key topics the presence of numerous wetlands over this endorreic basin 
and the Guadiana River spring phenomenon which are highly related to 
the underlying groundwater system. But recently, the overexploitation 
issue originated a conscious assessment from numerous standpoints, 
outstanding the Technical Geological Institute (IGME) research 
reflected in laudable publications and official recommendations to 
Guadiana River Water Authority (CHG) and other decision-makers. 
Nevertheless, an updated, critic and extensive assessment of the water 
problem in La Mancha considering technical, legal, social, economic and 
environmental aspects under an integrative view was to be undertaken. 
As I was born in Alcázar de San Juan, over the Northern edge of the 
study area, during my childhood was in contact to news and comments 
concerning the water problem, mainly induced by my father who was 
involved within Agrarian and Public sectors. In 1994, during an extreme 
draught, we visited Las Tablas de Daimiel National Park (PNTD), a 
marshland located downstream the Aquifer 23 spillway, and also Las 
Lagunas de Ruidera Nature Park (the natural spillway of the Aquifer 24, 
adjacent to the South and Aquifer 23 main feeder), being the water level 
at its historic minimum and almost all the lagoons were dry, providing a 
dessert landscape which shocked my infant mind.  
Few years later, during a subsequent wet period, we repeated this trip 
and we discovered a complete different panorama: lagoons full of water 
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and overflowing among them. So, this contrast between life and death 
was the starting point to awake my interest to study the physical 
characteristic and causes of these two opposing sceneries. 
A decade after, during my Civil Engineering Master studies in Madrid, I 
enrolled to ERASMUS program that took me to Stockholm to attend 
the Environmental Engineering and Sustainable Infrastructure (EESI) 
Degree Program where a new vision and approach to understand the 
human relations and affections to the environment were introduced, 
outstanding the “carrying capacity” concept. 
Therefore, this paper aims to provide an actual assessment of the 
available hydraulic resources and system dynamics of the Aquifer 23 over 
time, which defines the carrying capacity, as well as the interactions with 
the related wetlands located in the Spanish La Mancha Plain. This is 
combined with an historical review, a critic and technical evaluation on 
the policies, management and hydraulic infrastructure plans undertaken 
so far and finally, a set of feasible and simple remedy actions is proposed 
to ensure long-term sustainability facing the system state in 2014. 

2. BACKGROUND 

The extent and complexity of the system joined to the controversial 
water scarcity issue led to a conscious data compilation and analysis of 
every key aspect, which are strictly necessary to understand how the 
system operates in order to achieve the abovementioned goals. 
Then, this point is divided accordingly to research areas, starting with the 
physical, environmental, social and economic characteristics of the 
system, to later depicting the water problem and likely causes, such as 
legal framework, policies and plans undertaken as well as hydraulic works 
performed, to finalize with the water uses evolution over time.  

2.1. System description 
The physical extent of the study case embraces the Aquifer 23, which is 
the central core of the Upper Guadiana River Basin (UGB), making up 
one of the most important Aquifers in Spain, either in total capacity, 
socio-economic and ecologic terms. It controls the total discharge of this 
tertiary basin and gathers all waters coming from the entire UGB, 
spreading over four Spanish provinces: Ciudad Real, Cuenca Toledo and 
Albacete, appertaining entirely to Castilla-La Mancha (CLM) 
Autonomous Region (Fig. 2), (López Geta, et al., 1989). 

2.1.1. Guadiana River Basin 
This Basin is located over the South-western quadrant of the Iberian 
Peninsula, occupying 60.000 km2, of which 11.600 are in Portugal and 
the rest in Spain. It is composed by a River network whose length 
amounts up to 34.000 km flowing through areas with highly irregular 
flow regimes over three Spanish regions: Castilla-La Mancha, Andalucia 
and Extremadura, being the main course 745 km-long representing an 
average gradient of 0.1% (CEDEX, n.d.).  
The most interesting characteristic of this international basin lies on its 
upper part, where an arid endorreic plain basin with an extension of 
16.000 km2 with high underground storage potential and dotted with 
lagoons and ponds, controls the total downstream discharge. Then, 
Guadiana River Basin hosts eight Aquifers (Fig. 3), whereas four are in 
the upper part being the most important and object of our study the 
Aquifer 23 over the Eastern part, in La Mancha area. 
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Fig. 2. General location of Aquifer nº23. 

2.1.2. La Mancha relief 
La Mancha Plain is a great area practically horizontal of 30.000 km2 that 
constitutes the Southern tableland of the Iberian Peninsula, being the 
object of this research the occidental part, 5.500 km2 corresponding to 
the Aquifer 23 extent.  
Its shape is similar to a rectangle with a main axis of 130 km in direction 
Northwest-Southeast and a secondary axis North-South of 50 km, 
having a slight topographic gradient towards South-West less than 1‰. 
The elevation varies between 750 masl over the Northeastern and to 600 
masl to the Southwestern part, over” El Vicario” Reservoir. 
Regarding natural frontiers, it borders on “La Alcarria” to North, 
“Toledo Mountains” to West, “Campo de Calatrava” to South-West and 
the most oriental part of “Sierra Morena” to South; towards South-East 
it limits with “Campo de Montiel”, and finally, “Sistema Ibérico” to East. 
In this sense, the Mancha plain has a rectangular shape, with the Western 
edge located on Ciudad Real and, stretching out over the provinces of 
Albacete, Toledo and Cuenca (López Geta, et al., 1989). 

2.1.3. Geology 
The occidental Mancha plain is constituted by a depression filled with 
Tertiary and Quaternary materials, which form the body of the Aquifer 
23, and Palaeozoic and Mesozoic which form the bedrock and the 
impervious boundaries. 
Geological boundaries 
The geological boundaries define the interactions and relative dating of 
adjacent geological formations, being for La Mancha plain (López Geta, 
et al., 1989): 

 To Northeast is “Sierra de Altomira” formed by plicate Mesozoic 
alignments.  
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 To Northwest are the Southern foothills of “Montes de Toledo”, 
constituted by Palaeozoic materials basically quartzite and slate.  

 To West and South limits with a large peneplain of Palaeozoic 
materials called “Campo de Calatrava”.  

 Also to the South are the “Sierra Morena” foothills that are made up of 
Jurassic materials as well.  

 To Southeaster edge, limits with Mesozoic materials mainly Jurassic 
from “Campo de Montiel”. 

 Finally, to the East this plain extends towards “los Llanos de Albacete”. 
Stratigraphy 
The geology embraces Palaeozoic and Mesozoic materials, which are 
the prolongation of surrounding units making up the borders and 
bedrock, whereas tertiary and quaternary materials fill the depression 
(Fig. 4 and Fig. 5). 

 Paleozoic: formed by variable levels of quartzite and slate of variable 
coloration, intensive fractures which locally content sandstone or 
limestone. Outcrops over the Occidental and Southern extreme. 

 Mesozoic-Triassic: mainly red and green clay, sandstone, gypsum and, 
eventually, conglomerate and dolomitic whitish limestone stratums. Up 
to 300 m-thick emerging over the southern edge. 

 Mesozoic-Jurassic: based on intercalated levels of limestone and 
dolomite, develops depth over the oriental half reaching 150 m-thick 
and outcrops further the southern edge, hosting the Aquifer 24.  

 Mesozoic-Cretaceous: basement up to 50m-thick formed by marlstone 
and sand with dolomite insertions. The overhead stratum is detritus-
limestone and above, hard limestone with tiny marly-limestone 
insertions. This level is up to 150 m-thick to the North-Eastern border. 

 Oligocene: quartzite conglomerate and slate with sandy-clay matrix 
levels, filling the furrows left by the Paleozoic prominences, never 
appears in surface and has a very variable thickness up to 200m. 

 Miocene: the most significant calcareous and porous stratums that host 
the Aquifer: the basement is limestone with slight sandy insertions, the 
medium is whitish pure karstified limestone and the upper is a thin 
layer of marlstone and marly limestone, spreading steadily over the 
Aquifer with 100m-thick. 

 Plioquaternary: Locally, this layer reaches great development on surface 
over the mid-Southern part of the system and, it is formed by 
piedmont debris and calcareous crust. 

 Quaternary: made up of sandstone, silt and marlstone with gypsum 
located on the Miocene levels.  

 Quaternary-alluvial: the most recent materials as gravel, sandstone, silt 
and clay, which are related to River courses with a thickness minor to 
20 m. 

2.1.4. Hydrogeology 
The system stands out for its high permeability produced by fissuration 
and karstification, joined to the calcareous predominance and its flat 
relief, provide an extraordinaire connection between surface and ground 
waters (Fig. 6). 
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Fig. 3. Guadiana River Basin Aquifers.  
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Fig. 4. Aquifer 23 geological map. 
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Fig. 5. Geological cross sections. 
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Fig. 6. Percolation and land collapse on Záncara River (1996) 
(Aguas de Alcázar, 2003). 
The estimated average water velocity within the Aquifer body is 2-
4m/year, but in some parts exist authentic “free-flow” underground 
Rivers and besides, present an average high potential infiltration rate in 
excess of 125mm/year (ITGE, 1979), but actually, in some areas the 
infiltration capacity surpass largely this figure. These conditions brought 
about one of the main singularities of this semiarid area: the presence of 
calm Rivers with numerous wetlands of very diverse typology and 
characteristics highly dependent on the phreatic table elevation.  
Administrative classification 
The Spanish Aquifers have been classified differently over last 30 years, 
being the first in 1979 to Geological bodies, afterwards in 1988 a new 
categorization was made based on administrative and hydrogeologic 
criteria and in 2005, according to WFD, the unitary water bodies criteria 
was established. Table 1 depicts the development of the administrative 
classification of the Aquifers in the UGB (Martínez Cotina, 2011). 
Table 1. Aquifers classification 

Aquifer Systems 
(1979) 

Hydrogeologic Units (1988) Groundwater bodies (2005) 

Nº 19. Sierra de 
Altomira 

04.01. Sierra de Altomira 
040.001 Sierra de Altomira 

040.002 La Obispalía 

Nº 20. Mancha de 
Toledo 

04.02 Lillo-Quintanar 040.003 Lillo-Quintanar 

04.03 Consuegra-Villacañas 
040.004 Consuegra-
Villacañas 

Nº 23. Mancha 
Occidental  

04.04. Mancha Occidental 

040.005 Rus-Valdelobos* 

040.006 Mancha Occidental II

040.007 Mancha Occidental I 

04.05. Ciudad Real 040.009 Campo de Calatrava 

Nº24. Campo de 
Montiel 

04.06 Campo de Montiel 040.010 Campo de Montiel 

* Includes former areas of Sierra de Altomira, Mancha Occidental and 
Campo de Montiel 
Therefore, as the study case corresponds to the Aquifer 23 extent which 
is the core of the UGB, the 1979 classification is used in this paper. 
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Aquifer system 
Within the Aquifer 23 can be distinguished two different main 
hydrological units: the upper formed by Tertiary and Quaternary 
materials where the most important are calcareous levels from the 
Miocene period. The lower unit is constituted of Jurassic and Cretaceous 
carbonated matter which develops along the oriental half of the study 
area. Both units are detached through an intermediate level that works as 
aquitard, made up of unconsolidated Tertiary materials located below the 
carbonated Miocene and also, low permeable Cretacic materials (Fig. 7). 
The upper unit operates as an unconfined or phreatic Aquifer whose 
recharge comes directly from surface water bodies and rainfall infiltration 
and also, underground transfers from neighbor Aquifers. The natural 
discharges are evaporation from marshlands, drainage to Guadiana River 
and certain underground outflows.  
Furthermore, the lower unit is able to work as unconfined or confined, 
according to the phreatic level, whose budget is determined by the 
hydraulic linkage to the upper one and the lateral Aquifer system number 
24, that is completely connected to this lower body and plays a key role 
in the general system dynamics (López Geta, et al., 1989).  
Upper Aquifer 
This unit spreads out around 60% of the system surface (3.000 km2) and 
stretches over the Western part of the study area: Daimiel, Alcázar de 
San Juan, Manzanares and Tomelloso cities. The maximum thickness 
occurs over Cinco Casas, corresponding to the greatest limestone 
expansion, up to 200 m depth, and decreasing down to 35 m towards the 
edges where the facies are basically marlstone and sandstone. 
It is mainly constituted of karstic limestone from the upper Miocene 
with high transmissivity and porosity rates (up to 20.000 m2/day and at 
least 10%, respectively), and unconsolidated materials as gravel, sand, silt 
and clay from the Tertiary and Quaternary eras presenting sections with 
low permeability rates. 
Finally, the maximum storage volume for this level is 4.000 Hm3 and 
practically the totality of the capacity can be used by wells installed over 
the central part. 
Intermediate aquitard 
There are two levels with different geology: the upper section is mainly 
constituted of clay-sandy materials plus gypsum which spreads 
underneath the upper Aquifer covering almost all the system extent and 
represents an irregular thickness up to 50 m. 
The lower section is mainly conglomeratic and usually, its phreatic level 
is higher than the upper Aquifer due to the linkage to the lower Aquifer 
and therefore, water flows up. As a whole, these two sections work as an 
aquitard that, locally presents unconsolidated materials that operate as 
free Aquifers. 
Lower Aquifer 
This is a semi-confined Aquifer made of Mesozoic permeable levels, 
basically limestone from diverse geological periods that can reach 150 to 
200 m-thick with a discontinuous distribution. It presents a low porosity 
of 0.4% and transmissivity rates from 200 to 6000 m2/day, stretches 
from the plain centre to the South-Eastern part and is highly connected 
to the adjacent Aquifer 24, which houses the mentioned "Lagunas de 
Ruidera". 
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Fig. 7. Aquifer 23 system. 

Finally, the estimated total reservoir volume is more than 6.000 Hm3, 
being the usable portion insignificant due to the low transmissivity, as 
proven the experimental drillings performed in “Perdigueras” down to 
its core, more than 400 m-depth, which provided negative results 
regarding potential abstraction rate.  
Therefore, the upper level is the technical useful part of the Aquifer that 
provides water to satisfy human demands, being the lower only able to 
store water. 
Table 2. Main hydrogeologic parameters. 

Level Upper Lower 

Main lithology Limestone and marly 
limestone severely karstified 

Limestone and 
dolomites, marl and 
sand 

Thickness (m) 35-200 140-300 (variable and 
discontinuous) 

Transmissivity (m2/day) 10.000-20.000 200-6.000 

Porosity (%) <10 <1 

Potential Volume (Hm3) 4.000 6.000 

Technically Usable 
Volume (Hm3) 

<4.000 Negligible 

Hydrogeologic dynamics 
The connection between the upper and lower Aquifer is carried out 
throughout the plain borders and the aquitard, so the overall Aquifer 
equilibrium is reached by the water flowing upwards through this less 
permeable level. In pristine conditions, the deepest Aquifer had not any 
possible discharge over the Western part, conditioning that flow 
direction is upwards, establishing a balance and setting up an Aquifer 
system acting as a homogeneous underground reservoir.  
However, this natural upwards flow has been severely modified by the 
piezometric depression cones induced by the thousands of wells 
scattered over the system and also, the deepest ones connect the three 
levels altering the hydrogeologic parameters providing a higher vertical 
transmissivity and partially cancelling the aquitard operating capacity 
(Mejías Moreno, et al., 2012). 
Regulation capacity 
The most outstanding feature is the high inertia and auto-regulation 
capacity able to buffer the irregular climatic periods, replenishing during 
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the scarce wet periods and gradually releasing that excess freely through 
“Los Ojos del Guadiana”, apart from marshland evaporation and lateral 
underground flows to Jucar River basin over the Eastern part. 
This auto-regulation ability is rated as multi-annual, meaning that one 
water drop takes several years to travel through the entire system upon 
flowing out through the spillway being the estimated average water 
velocity through the Aquifer just few meters per day. 
It is remarkable that this Aquifer controls the total discharge of the 
UGB, and specially the dynamics of neighbor Aquifers. If the phreatic 
level decreases significantly, the hydraulic gradient increases and then, 
water flows into La Mancha great Aquifer unbalancing the stability and 
draining adjacent Aquifers (López Geta, et al., 1989). 
Several researches affirm that this effect is significant where a geological 
stratum between Aquifers is continuous, developing a real hydraulic 
duct, as occurs between Aquifer 23 and the adjacent Aquifer nº24 which 
is known to be the main feeder of our system (Fig. 8). On the contrary, 
those connections with numbers 19 y 20, located to North, are irregular 
and scanty due to certain geological independency. 
In predevelopment condition, the Aquifer 23 phreatic level varied 
slightly according to climatic periods which resulted in seasonal 
diminution of the flooded marshlands, to again recover the splendor the 
following autumn-winter. But nowadays this equilibrium is broken due 
to the withdrawing rates and deep extractive capacity that has largely 
exceeded the natural replenishment, causing severe phreatic level 
drawdown disconnecting the underground and surface waters. 
Overdraft effect 
In case withdrawals are higher than inputs to the system, the phreatic 
level will drop severely affecting the natural discharge and consequently, 
the associated marshlands are subjected to long water shortage periods 
that threat the associated ecosystem survival. (Fig. 9) shows the phreatic 
level difference between pristine condition and that in 1992 along the 
main axis of the Aquifer body (García Rodriguez & Llamas Madurga, 
1992), picturing the obvious result when the phreatic level is dozens 
meters deeper than the equilibrium: total disconnection of underground-
surface waters and extinction of the steady underground contribution to 
Rivers and wetlands. 

 
Fig. 8. Aquifer 23 and Aquifer 24 connection. 
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Fig. 9. Hydrogeological longitudinal section along Aquifer main axis. 

Summarizing, La Mancha Aquifer acts as a large “sponge” recharging 
from infiltration and underground transfers and on the other hand, main 
outflows were “Los Ojos del Guadiana”, located at the lowest elevation 
of the system, 605 to 620 masl, marsh and wetlands evaporation and 
currently, well withdrawals to satisfy irrigation and urban supply. 

2.1.5. Hydrology 
The system presents an underdeveloped hydrographical network due to 
the mentioned plainness, the irregular rainfall distribution combined to 
the high evaporation and infiltration rates. The River courses and 
marshlands are ephemeral (Fig. 10), highly dependent on the phreatic 
level and rainfall, being in some reaches effluent (infiltrates into the 
Aquifer) or influent (Aquifer feed surface water bodies).  
Therefore, the presence of wetlands and ponds was the keynote, being 
the potential floodland 7% of the system (40.000 Ha) during wet periods 
and the average marshlands area some 25.000 Ha (Cruces de Abia, et al., 
1997), which 6.000 Ha were permanent. 
However, unconscious hydraulic works performed during the 1960-70s 
to reclaim marshlands, basically man-made canals executed throughout 
digging few meters the River bed depth, summed to the Aquifer 
overdraft, had reduced this floodland extension down to 5.000 Ha 
during wet periods, and even practically null during draughts (Velasco 
Lizcano, 2010). 

 
Fig. 10. Záncara River, before (left) and after (right) a rainy period in 1996 (Aguas 
de Alcázar, 2003). 
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Fig. 11. Aquifer 23: Drainage network scheme. 
Drainage network 
The drainage network is based on a main channel East-West formed by 
Córcoles, Záncara and Cigüela Rivers, meeting the Guadiana River 
surged from “Los Ojos del Guadiana”, over PNTD area, flowing 
downstream to Vicario Reservoir (Fig. 11), (López Geta, et al., 1989).  
Therefore, Guadiana River right margin tributaries are Cigüela and 
Záncara Rivers, which flows through clayish basins with low 
permeability conditioning high irregular water courses dependent directly 
on atmospheric rainfall, but originally, after entering into the system area, 
some reaches were influent. 
On the other hand, the left margin tributaries are Córcoles River which 
meets Záncara, “Old Guadiana Channel” discharging into Cigüela River 
in “El Inazar” floodland and, Azuer that meets Guadiana River few 
kilometres downstream “Los Ojos”. These left margin tributaries flows 
on Jurassic soils with high porosity closely connected to the phreatic 
levels, being mainly effluent along the water courses. 
The mentioned hydraulic works resulted in a complete morphologic 
transformation and degradation of the associated ecosystems over the 
study area and also, implied a modification of the hydraulic dynamics 
between surface and underground waters, being only classified as good 
state the 9% of the streams (CHG, 2007).  
Guadiana spring 
Besides, Guadiana River spring is a very controversial topic with 
different versions but, the presented in this document was recently 
agreed by the local scientific community (Álvarez Cobelas, et al., 2011). 
In short, there is a River named “Pinilla” that springs over Campo de 
Montiel in “Fuente del Ojuelo” that floods the Ruidera lagoons located 
on the Aquifer 24. This area is 120 m higher than “La Mancha” to which 
descends winding down its narrow valley, and forms a dozen of linked 
ponds and lagoons along 35 km. These lagoons are dammed by rocky 
barriers of limestone, formed by the settlement of a great quantity of 
dissolve Carbone that flows within the water stream. 
Few kilometers downstream these lagoons, this River was dammed by 
Peñarroya Reservoir in 1956, and occasionally the surplus volume 
overflowing the fix-crest spillway runs along an ancient human-made 
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channel called “Old Guadiana” or also known as “Malecón de Santiago” 
dated the latest from the Arabic Age (illustrated with dashed line in Fig. 
11) which used to convey the surplus flows from the adjacent channel 
“Canal del Gran Prior" (Appendix III). 
Moreover, 15 km to PNTD Western edge sprang several fountains 
known as “Los Ojos del Guadiana” fed by Aquifer 23 underground 
waters which are considered as the Guadiana River authentic spring. 
These fountains provided calm and fresh waters flowing downstream 
sinuously, thanks to the ancient weirs retention potential, down to 
concourse the Cigüela River, forming a large marshland constituting one 
of the most important wetlands of the Iberian Peninsula (ITGE, 1985). 
Las Tablas de Daimiel National Park 
This area has been of interest since the Middle Age (Appendix II), being 
its main feature, surrounded by plains and hills bristling with holm-oaks, 
is the mixing of two different types of water: brakish with high 
conductivity from the Cigüela due to mineral dissolution along its course 
and pure freshly with low conductivity from the Aquifer. This special 
mixture of waters granted a rich and unique biodiversity area, being the 
last example of a singular ecosystem known as “Tabla fluvial”, formed by 
the concourse of different Rivers in a plain area providing a great 
flooded extension but highly related to the groundwater level. 
Downstream PNTD, the Guadiana River points to South West and 
leaves the UGB and our study area over the Vicario Reservoir (Fig. 12).  
PNTD official area is shown in green (3030 Ha, after 2014 enlargement), 
in which core is the junction of Cigüela (red) and Guadiana (blue) Rivers; 
15 km upstream the last, the pristine location of “Los Ojos” shaded in 
blue and finally, the orange area is the maximum flooded area upstream 
the PNTD in Guadiana River registered in 2012. 
Finally, deserves remarking that “Los Ojos del Guadiana” is the spillway 
of this huge reservoir and its preferential discharge way, providing steady 
and fresh flow to the PNTD. However, as the phreatic level dropped the 
spring flow was diminishing, until completely running out in 1987. 
Therefore, the unique external natural input to the Park from 1987 to 
2012 apart from direct rainfall, was the irregular and scarce flow waters 
of Cigüela, Záncara and Azuer Rivers, which barely succeed to reach the 
park due to the significant losses through infiltration, driving to a 
continuous pseudo coma state. 

 
Fig. 12. PNTD aerial image (Google Earth, 2014). 
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2.1.6. Climatic conditions 
The area is characterized by the absence of any maritime influence, the 
existence of a dry season well defined and severe thermal oscillations. 
According to the Köppen classification is Mediterranean-Moderate, 
leading to cold winters, hot summers with draught episodes and irregular 
rainfalls along the whole year, because atmospheric depressions arriving 
to La Mancha plain are quite weak after the continental journey.  
Regarding temperature, the mean annual fluctuation is between 13 ºC 
and 17 ºC, being December and July the most extreme months with a 
maximum absolute variation of 63º and the normal annual temperature is 
14.7 ºC. Besides, the normal annual rainfall is 430 mm/year matching o a 
dry type and can fall down to less than 300 mm during draughts (Fig. 
13), ((CHG, 2012) and completed with AEMET and IGME data). 
Gathering thermal and rainfall characteristics, the system climate 
bioclimatic unit is Mesomediterranean-dry (INM, 2004), making up one 
of the most arid areas of Spain. 
Particularly, this area suffers extreme irregular rainfall periods either in 
space and time, outstanding the recent draught events (1993-1996) and 
(2004-2009), followed by the wettest period (2009-2012) ever registered 
(AEMET, 2013), being 2010 the historical maximum in rainfall terms. 
Then, normal-dry periods are the keynote for two decades and may be 
interrupted by a few wet years, being the difference between the 
maximum and minimum rainfall deviation about three times the average 
(Cruces de Abia, et al., 1997). Table 3 classifies rainfall occurrence by 
wet, regular and dry year for different periods: 
Table 3. Typical hydrologic years. 

Year Type 1940-2012 % 1980-2012 % 

Average (mm) 432  405  

Wet (rainfall>1.15*average) 23 33 8 24 

Regular (1.15-0.85*average) 34 45 17 52 

Dry (rainfall<0.85*average) 16 22 8 24 

Regular years roughly represent 50% of the records, but there are 
important differences between wet and dry years along the entire period 
and, since 1980 the occurrence of dry years has increased by a 10% 
possibly showing the Climate Change impact. In addition, the estimated 
future trend is pessimistic: the normal temperature will rise 2% by 2025 
and 4% by 2050 and, the rainfall will decrease about 10% by 2025 and 
20% by 2050 (Brunet, et al., 2009), these values may correspond to the 
above shown linear trend-line (in red), resulting in a decrease of the 
average rainfall of 40mm in 80 years time. 

 
Fig. 13. Average Rainfall over Aquifer 23 area. 
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Evaporation and evapotranspiration 
Evaporation corresponds to that water vapor quantity released to the 
atmosphere from the surface water bodies, influenced by the solar 
radiation, humidity and wind. Besides, evapotranspiration is the 
combination of evaporation from the soil surface and transpiration from 
vegetation, being dependent on the three mentioned factors and the 
supply of moisture to the evaporative surface. The potential 
evapotranspiration is the evaporation that would occur from a well 
vegetated surface when moisture supply is not limiting (Chow, et al., 
1988). 
These are the most difficult environmental parameters of the hydraulic 
budget to estimate in a regional basis, which play an essential role in this 
semiarid region and characterize the “useful rainfall” that is the part of 
rainfall that may runoff and infiltrate into the system. 
Recent studies assessed the relationships between registered rainfall and 
useful rainfall, which effectively infiltrates into the ground or is 
transformed into runoff. The methodology used was, based on a 
complete register of rainfall and temperature of 88 weather gauging 
stations, to calculate the potential evapotranspiration by Thornthwaite 
method and then the real evapotranspiration, obtaining the useful rainfall 
particularly for each station (IGME; IDRENA, 2010). 
The average results are retrieved to build the following relationship for 
the yearly normal rainfall registered against the useful rainfall, which is 
determinant to estimate the renewable resources of the system. 
However, the real conditions of the area regarding evapotranspiration are 
estimated to double the evaporation rate (Cruces de Abia, et al., 1997), 
resulting in 1500 mm/year. Therefore, to partially assume this point the 
equation factors are slightly lowered as: 

220*695.0  rainUsefulrain  [mm] 

The results presented (Fig. 14), shows that there are many years with no 
useful rain at all but, during wet periods, is significant which added to the 
huge infiltration capacity (>125 mm/month) practically every “useful 
rainfall” shall percolate into the ground (MMA, 1998). 
In resume, La Mancha plain represents a clear case of semiarid region 
with severe irregular rainfall events, seasonal and cyclical droughts whose 
long-term development really depends on its internal storage capacity 
resilience: the Aquifer.  

 
Fig. 14. Useful rainfall evolution. 
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2.1.7. Biotic frame 
The described wetlands provide crucial nesting and feeding grounds for 
European migrating bird populations, sheltering rare animal and plant 
species. In addition, Guadiana name represents the Iberian Peninsula 
historic diversity: “Guadi” comes from Arabic meaning River and “Ana” 
in Latin is Ducks. 
Flora 
Firstly, it is important to mention that in ancient times, La Mancha plain 
was densely covered by the indigenous holm and cork oak trees, apart 
from poplar groves along the water streams, but centuries of human 
development have driven to the scattered survival of very few isolated 
specimens, being replaced by cereal fields, vineyards or olive trees. 
Then, we shall focus on PNTD, distinguishing between flora developed 
under fresh and permanent waters, under the protection of Guadiana 
River, and those plants capable to bear sharp water levels variations and 
different concentrations of brakish water in areas mostly influenced by 
the Cigüela River. 
In the first group, we can mention different species of seaweeds of 
“chara” genus (Ch. Hispida, Ch. Major, Ch. Canescens), locally called 
“ovas” or duckweed. This plant grows energetically beneath the fresh 
and calm water surface, spreading out forming a continuous carpet and 
has an incalculable value for feeding numerous aquatic birds, like 
pochard duck (Netta Rufina). Moreover, when the water masses have an 
important concentration of nutrients, appears on the water surface mass 
filament of green seaweeds, like Cladophora glomerata, Lemna trisuca 
and Zannichellia pedunculata. 
With regard to the second group, overflows and temporary flooding 
favor the development of a wide emergent vegetal cover, it means with 
submerged roots but aerial stems, which are marsh vegetation. The most 
emblematic example is “la masiega” or blue sedge (Cladium mariscos) 
that occupied the half of the Park land, but has lost practically its ground 
to giant reeds or “Carrizo” (Phragmites australis) and to bulrushes or 
“Enea” (Thypa Domingeusis). 
Among the reed beds and plants surrounding this National Park, in 
shallow waters or temporary ponds, grows meadows dominated by 
rushes (Juncus maritumus), which are seriously endangered. It should be 
noted that PNTD shelters the largest sedge reserve of Western Europe. 
In addition, occupying lands that are rarely flooded grow vegetation 
composed of little tufts of salted calamine (Suaeda vera) and salted 
thistle. This is a very interesting flora, since they are endemic plants that 
only grow in the Iberian Peninsula, even some of them only grow within 
this Park. 
Finally, the wooded vegetation is represented by the “Taray” or tamarisk 
(Tamarix gallica), specie that needs humid soils, bears flooding episodes 
and tolerates a certain grade of salinity. Other species in the area are 
holm oak or “encina” (Quercus rotundifolia), cork oak or “alcornoque” 
(Quercus Suber) and “quejigar” (Quercus faginea). These species used to 
form large leafy woodlands over the Mancha plain, but human practices 
condemned them to few tiny forests publicly protected.  
Fauna 
These aquatic environments provide excellent conditions to many 
waterfowl species, among we can distinguish Herons (Ardea cinerea, 
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purpurea and ardeola ralloides), ducks like pochards and egrets (Anas 
platyrynchos, crecca, strepera, clypeata and Fulica atra), cranes forming 
huge flocks (Larus ribibundus) and rapacious like Marsh Harrier (Circus 
aeroginosus, cyaneus, Pandion haliaetus, ahiene noctua and Asio otus).  
Moreover, it should be noted the existence of different vertebrate aquatic 
species, like carp (Cyprinus carpio), otter (Lutra lutra) and a little fish that 
devours the mosquito larvae (Gambusia holbrooki), introduced in the 
region to fight malaria disease.  As invertebrate species, we can find the 
common frog (Rana perezi), toad (Bufo bufo), indigenous crayfish and 
Red American crab, introduced as well in the 1950s which eradicated the 
indigenous specie. There is presence of European freshwater tortoise 
(Emys orbicularis), “Leproso” (Mauremys caspica), and Mediterranean 
snakes: Natrix maura, Natrix natrix, Malpolon monspessulanus, Elaphe 
scalaris and the predator “ocelado” lizard (Lacerta lepida). 
Across the Mancha plain we can distinguish a great amount of 
mammalian species: hare (Lepus granatensis), rabbit (Oryctolagus 
caniculus), wild boar (Sus scrofa), fox (Vules vulpes), “Tejón” (Meles 
meles), “Turón” (Mustela putorius), and the endangered Iberian Lynx 
(Lynx pardina), which hardly appears over the mountainous edges.  
Finally, it must be noted the existence of different “superpredator” like 
imperial eagle (Áquila Adalberti) and other Mediterranean eagles. There 
are also real and little owl (Bubo bubo and Asio otus) and the well know 
black vulture (Aegypius monachus), among others (MAGRAMA, n.d.). 

2.1.8. Demographical Dynamics 
In 2010, the population in the Aquifer 23 area was some 300.000 
inhabitants distributed in 27 municipalities. An important aspect is the 
demographical trend, after the 1960s migration towards main cities; the 
current demographical tendency is slowly recovering. This is a clear sign 
of the efforts carried out to promote and to stimulate the economic 
growth of this region, mainly supported by the Agricultural sector, and 
to prevent the total abandon of the countryside.  
Moreover, classifying population by ages, there is a quite high rate above 
65 years-old (22%), as a consequence of the welfare increment, which 
joined to the low birth rate and the youth migration to search new 
opportunities, produce an evident aged population. 
In conclusion, the key point is to analyze the future population trends to 
estimate the future water demand for urban supply, being by 2025 
330.000 and by 2050, 350.000 inhabitants (INE, 2007). These figures are 
lightly overestimated to be in the safe side as satisfying human demand is 
the first priority. 

2.1.9. Economic dynamics 
During the 20th century the Spanish hydraulic infrastructure experienced 
an incredible development increasing up to 2.000.000 Ha the irrigated 
land, added to the existing 1.000.000 Ha in 1900, summing up 17% of 
the total agrarian surface, 60% of the total agrarian production and more 
than 1% of the Spanish gross income (Alcaraz Calvo & Segura Graiño, 
1999). 
Particularly in our study case, Ciudad Real province, the development 
and distribution of croplands in miles of Hectares during the 20th century 
can be summarized as follows (Esteban Barahona, 1991): 
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Table 4. Agrarian land in Ciudad Real province (miles of Ha). 

Year 1900 1920 1940 1960 1980 

Cereals 425 670 430 615 650 

Vineyard 117 150 220 245 290 

Olive 37 67 130 123 100 

Intensive 6 10 9 19 60 

Total farmland 585 897 789 1002 1100 

Woodland 1160 855 1110 915 800 

Total potential farmland 1745 1752 1899 1917 1900 

The total farmland extension was almost doubled in the second century 
half as consequence of the land reclamation performed by colonization 
unions and the Agrarian revolution on both floodplains and woodlands. 
Other important factors were the implementation of railway service that 
boosted the commerce and goods transportation and also, the effect of 
phylloxera plague, which was a major pest that affected in the late 19th 
century to most of the French and Spanish vineyards except a certain 
part of the study area. Then, it eased an incredible wine expansion and 
profitability as La Mancha area produced ten times its internal demand, 
but these golden years expired with the replacement of diseased vine 
plants and termination of the World War I, resulting in overproduction, 
market prices crash and clashes between labor force and employers 
during the 1930s. 
Agriculture development 
After Spanish Civil War, the agricultural panorama was based on the 
traditional way: rainfed cereals and vineyards yielding irregular harvest, 
whose products were manually harvested and directed to local 
consumption, except wine and derivatives. Besides to this fallow 
agriculture, a certain presence of vegetables existed nearby River courses, 
the parched human-made Gran Prior channel and those farms equipped 
with waterwheels able to withdraw water from a few meters depth. 
The environmental impact of this "traditional" agriculture was limited 
except for certain land reclamation, being the water bodies practically not 
impacted and only depending on the climatic conditions. However, this 
led to a continuous economic slump and a structural backwardness of 
historical character that has been overcome thanks to the 
implementation of modern irrigation systems to intensively use 
underground resources in farming and, the presence of industrial parks 
in the most important cities (Alcázar de San Juan, Manzanares, 
Tomelloso, Valdepeñas and Villarrobledo). 
However, this agrarian development was based on individual eagerness 
viewing the Aquifer as an inexhaustible Ocean, driving to a 
disproportionate irrigated lands development: from 15.000 Ha up to 
150.000 Ha. The obvious and simple cause of this phenomenon is easily 
assigned to the farmers’ willing to obtain higher efficiency and 
profitability to their fields, producing more than three times in cereals 
and twice in vineyards apart from implementing new industrial and high 
water consuming crops (corn, sugar beet and alfalfa), which linked to the 
absence of an exhaustive administrative control and a privative legal 
water framework, has resulted in the main driving force to deplete the 
Aquifer. 
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Moreover, it should be mentioned that this increment of irrigated land 
may respond to other factor: the agrarian market: one piece of fruit or 
vegetable purchased in any Spanish grocery, costs from 300 to 1500% of 
the price paid to the farmer which in many cases does not even cover the 
producing costs (EuropaPress, 2009). Then, the farmer must cultivate 
intensively, consuming a huge amount of water, to obtain a certain 
benefit but this cycle completely unsustainable, being not only farmer’s 
accountability. 
Finally, the irrigation development in La Mancha has resulted in the 
lowest inhabitant by irrigated land factor in Spain, showing the 
disproportion achieved: the national average is 11 inhab/irrigated Ha and 
in La Mancha is 2 inhab/irrigated Ha (Serna Martín & Gaviria, 1995). 
Economic effects 
The development of the two main macroeconomic indicators (Gross 
Domestic Product, GDP, and Regional Income) during last decades, not 
only show a radical change from the old trends but have broken the 
most optimistic forecasts. Nowadays, the regional income rate of the 
region is above of 90% of the national one, while the GDP of the region 
nearly represents 5% of the national indicator (Ernst&Young, 1990).  
The Regional Center of Agrarian studies rated in 1996 the agrarian 
production in Ciudad Real province in 120 MEur (not including the wine 
production: some 70 million liters by La Mancha Regulatory Council), so 
we can estimate that the total agrarian production by that time was some 
200 MEur in our study area. Recently, the PEAG estimated a gross 
added value in 2001 of 800 MEur employing 35.000 workers. Then, 
extrapolating to the Aquifer 23 area we can assume that this figure is 
between 300 and 350 MEur.  
Whereas the agrarian sector has diminished its relative share in the 
regional GDP, the industrial and tertiary sectors related to the primary, 
have increased their presence as far as being on a similar level with the 
national rate. Nevertheless, the agrarian sector is still the base for CLM 
economy, producing 10% of the regional GDP, point to be taken into 
account carefully to propose further possible severe restrictive 
managerial actions of the Aquifer. 
This positive economic development has been reflected on the labor 
market: the region has passed from a strong emigration process due to 
low life expectancy through an avid economic growth progress, allowing 
that the unemployment rate has been largely below than the national 
one. 
In resume, the development of irrigated land has been the foundation of 
the economic growth of the area and should be properly managed in 
order to ensure the water availability for coming generations without 
jeopardizing the basis of the region economy. 

2.2. Problem definition 
As inferred, the problem is water resources depletion caused by 
devouring uses, mainly agrarian, allowed by an inactive administrative 
control and sustained by the legal framework and political willing, 
combined with the execution of non-environmental friendly hydraulic 
works (Fig. 15).  
The complexity and extent of the water problem in La Mancha started 
long ago but aggravated since 1970s (Appendix II), having been object 
of discussion and study but the different policies and plans undertook 
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have not yield desirable positive effects and only the immeasurable 
power of Nature has apparently restored the system deficit, temporarily. 
Prior to evaluating quantitatively the system dynamics, the potential 
causes of the problem are analyzed: the complex legal framework and 
the controversial policies undertaken, implemented hydraulic works, 
estimated water uses so far and a brief assessment on the likely effects of 
climate change.  

2.2.1. Legal Framework 
Law on Drainage of Guadiana River and tributaries margins (1956) 
The plan was to drain up to 30.000 Ha of wetlands and adjacent 
woodlands; it was publicly financed through the Agrarian Development 
Institute (IRYDA) (ElPais, 1978). The effects of this project are noticed 
in almost all the River branches of the study area, having been modified 
completely the sinuous pristine River beds into straight drainage 
channels. 
1985 Water Act 
This Act completed and replaced the previously passed in 1879. The 
most important aspect is the inclusion of underground masses of 
renewable water, or Aquifers, within the Hydraulic Public Domain 
subordinating the uses to the general interest under administrative 
permitting regulations (BOE, 1985). 
Therefore, any use of this resource must be managed and addressed by 
the Hydrologic National Plan (PHN) embracing underground and 
surface water bodies in an integrative and long-term approach together 
to the environmental protection. Other aspect addressed for first time 
was the pollution assessment within groundwater bodies, phenomenon 
that has recently generalized by nitrates derived from the widespread use 
of fertilizers (Arenillas Parra, 1993). 
Moreover, the most important novelty of our interest is that any new 
well implementation and allocation volume is subjected to the public 
interest, colliding with the former conception of that any mass of water 
unveiled underlying a private property inherently belonged to the land-
owner, out of any official regulation. 
This new Act comprised the creation of a Water Register compiling 
every water concession within the whole basin, guarded by the Water 
Authority and comprises three different sections:  

 
Fig. 15. Problem definition. 
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 Section A: water concessions and special authorizations, observing 
1985 Water Act (Art. 57.5). 

 Section B: water uses from runoff or spring within a unique property. 
Also, those underground water uses with a maximum allocation minor 
to 7000 m3/year, also known as “Social uses” (Art. 52). 

 Section C: temporary private right use obtained according to the 1879 
Law (Fourth transitory disposition). This inscription is voluntary and 
will be respected for 50 years starting in 1986 and then, will be 
transformed into public water concession (Section A) with preferential 
treatment.  

Those private water rights “obtained” before 1986, shall be registered 
into the Private Water Use Book within 3 years after enforcement (by 
31/12/1988), otherwise, sanctions to holders may apply. These private 
water rights do not have the administrative protection granted in the 
Water Register and can be interchangeable but no cession is allowed 
(BOE, 1986). 
Consequently, the main troublemaker is that this Act granted to the 
“existing” underground water rights three different options: 

 Transform this private right into public concession (Section A), under 
the regulations of the new Law, limiting the concession time till 2035. 

 Inscription within the Water Register Section C as temporal privative 
use up to 50 years. 

 Register in the “Private Water Catalogue”, continuing with the same 
exploitation regime indefinitely. This register has been open for more 
than fifteen years and was officially closed in October 2001. 

Obviously, the majority of those who communicated to the CHG their 
“acquired” private water rights chose the third option that meant a 
perpetual extension of their water rights “without” any administrative 
protection (Alcázar Cuesta, 2007). This point completely collided with 
one of the main goals of this new Water Act and then, made it 
completely vain and unsuccessful. 
Nowadays, legally coexist two different types of groundwater use 
permits: public concession and private ownership. This issue summed to 
the deficient state of the “Private Catalogue” compiled data, mainly due 
to users’ unwillingness and limited resources, impedes a precise control 
and management (Fornés Azcoiti, et al., n.d.).  
Besides, the actual effect of this Act was the starting point to the “well 
rush” in La Mancha: if a user proved that his well had been 
commissioned before 1986, just with the deed of land ownership and a 
CHG’s local agent signed pronunciation, there was no necessity to 
follow the new official tedious procedure which grants a time-limited 
water-right, if conceded (Velasco Lizcano, 2005). 
Consequently, thousands of users tried to demonstrate that their water 
catchments existed prior to 1986, even having been commissioned long 
after coming into force this Act. Then, CHG was completely overflowed 
with thousand of dossiers aimed to obtain the official water-permit 
following the former regulations and currently, is still processing these 
requests after more than 25 years, under social, political and economic 
pressures.  
Therefore, the only feasible counteraction on an overdraft Aquifer is to 
declare an underground water body overdrawn or under risk to be. Thus, 
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the withdrawal rate can be temporarily limited and prohibit any new 
concession in order to recover the system deficit.  
However, the pragmatic enforcement of this measure has clashed with 
the “hydraulic disobedience” of many users due to the little monitoring 
muscle of the few CHG guard officers and also, the political pressures 
against sanctions enforcement as the agrarian sector is certainly powerful 
in La Mancha. Apart from this, the withdrawal restriction plans has led 
to multitude of lawsuits, most of them still unresolved, between AWUAs 
and CHG. 
Overexploitation regimes 
In 1987, facing a complete ruin panorama and supported by the novel 
Water Act, the CHG promulgated the first “provisional” 
overexploitation regime, limiting the yearly withdrawal volume for every 
user to 300 Hm3, but due to lack of control and the widespread hydraulic 
disobedience, this restriction has been hardly put into effect till late 
1990s. 
Years later in 1994, this provisional declaration was turned into definitive 
as “Extractions Program”, with similar implications even lowering the 
maximum volume extracted down to 230 Hm3 (30 Urban and 200 
Agrarian), establishing two different allocations: 1.500 m3/Ha for woody 
and 2.000 m3/Ha for herbaceous crops. But actually, this goal can be 
hardly achievable simply because of impreciseness of monitoring and 
control system, being duly compliance quite infrequent. 
As response, the most prominent agricultural landholdings took the 
control of the AWUA to start legal struggles with the CHG with a clear 
objective: maximize their abundant water permits without caring any 
ecological negative effects. Their goals were temporarily persuaded by 
substantial subsidies which did not solve the root of the problem and is 
still pending: excessive water-use permits for the available renewable 
resources of the system. 
During the 1980s and 1990s, when the phreatic level was dozens of 
meters deep, the actual limiting factor over the area was the physical 
characteristics of the shaft: only the deepest and best located ones were 
able to withdraw water which obviously belonged to large landholdings 
with more economic resources. The modest farmer was forced to invest 
by funding in drilling works or just abandon the irrigation and apply for 
the EU subsidies. 
Actually, due to the indulgent monitoring methods and users’ 
disobedience, we can affirm that this Program has reduced the agrarian 
withdrawal down to 300 Hm3, the half of the 1980s’ extractive potential, 
but it is still 30% more than theoretical limitations which can impede a 
complete recovery of the system deficit. 
Upper Guadiana River Special Plan 
In the beginning of the new millennium, the transposition WFD 
2000/60/EC forced the Spanish Government to take action in La 
Mancha water problem. In 2001, the PHN legally urged to issue an 
Special Plan within one year to integrally shift from high-water 
demanding economy towards a sustainable use of the natural resources 
in the region.  
Actually, the PEAG passed in 2008 after seven years of deliberations and 
with an unimaginable agreement among all stakeholders: farmers, 
ecologists, technical experts, lawyers and politicians. This was the first 
time in the region that a consensus on the water problem was reached to 
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finally solve the structural problem, but this agreement was pricey with a 
total budget of 6.000 MEur. The Plan implementation time frame started 
in 2008 until 2027 in different phases and comprises a set of agricultural 
and regulatory actions to reduce the groundwater withdrawals down to 
200 Hm3/year, being (Ministerio de Medio Ambiente. Programa Agua, 
n.d.): 

 General Program: Redeployment of water concessions through 
acquisition of land (60.000 Ha, max. 10.000 Eur/Ha) and water rights 
at 9 Eur/m3 (up to 240 Hm3) and establishment of the yearly 
maximum withdrawal plans (810 MEur) 

 Hydrologic Program: installation of flow-meters  (432 MEur) 

 Consultancy support to the Users Unions (34 MEur) 

 Habitat and ecosystem restoration (140 MEur) 

 Hydraulic Public Domain reclamation (210 MEur) 

 Forestation program to reduce the farmlands area (1185 MEur) 

 Historical hydraulic heritage restoration (134 MEur) 

 Informative and sensitizing environmental program (55 MEur) 

 Water supply and treatment program (819 MEur) 

 Agrarian program to support a rationale use of the resources and shift 
to rainfed farming (940 MEur) 

 Socioeconomic development program, to provide alternatives to the 
economic growth (589 MEur)  

This integral Plan was considered as an ambitious attempt for both 
ecological restoration and re-distribute access to water between farmers, 
which was managed by an autonomous Consortium coordinating all the 
programs and stakeholders.  
The main goal was to persuade perpetual private water rights (<1985 
Water Law) to voluntarily shift into water concession (up to 75 years 
time) allowing the modification of catchments, and also, to purchase 
“landholdings” water rights used for cereals to be re-allocated to small, 
professional farmers to irrigate vegetables or vineyard (30% of bought 
rights) and also for environmental purposes (70% of purchased rights) 
(López-Gunn, et al., 2013).  
According to the WFD, the objective final goal is to achieve a “good” 
quantitative and qualitative status of the underground water bodies, 
allowing the hydraulic re-connection of the associated marshlands and 
springs with an average yearly flow into PNTD of 30 Hm3, in 
coordination with a sustainable economic development not only 
dependant on the irrigation culture.  
Coinciding with the wettest period ever registered and subsequent 
phreatic recovery of the Aquifer even partially surging again “Los Ojos”; 
in 2012 and after three years working, the Consortium was liquidated due 
to political and economic reasons. Nevertheless, the limited outcome is 
positive but over again, the sustainable future of the system is still 
endangered. 
In conclusion, the effective implementation was very limited and even 
cancelled in 2013. The actual activities performed are: 

 Transformation of 1.600 private rights dossiers (from catalog) into 
public concessions (register). 
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 Acquisition of private water rights by the CHG (from Catalog or 
Section C of Register):  13 Hm3 (31 MEur) for environmental purposes 
and, 14.5 Hm3 (33 MEur) transferred to the Regional Government to 
re-order 2.500 illegal wells (allocating 700 m3/Ha to woody crops 
summing 20.000 Ha). 

 3.000 flow-meters installed (1.000 telemetric) to reach a total of 8.000 
units and implementation of a control centre operated by CHG. 

 20% of the total budged invested (Méndez, 2012). 
Ministerial Order ARM/1312/2009 
Defines the regulations and guidelines of the systems required to 
perform an effective control on the water volume used by every 
catchment on the hydraulic public domain. It states that in a maximum 
period of two years, all users must have installed this equipment but 
currently, some 8.000 out of 40.000 wells on La Mancha area are 
properly equipped. 
Hydrologic Guadiana River Basin Plan Project (2013) 
The Guadiana River Plan passed in May 2013 (BOE, 2013), being the 
main critical points related to groundwater and UGB issues: 

 Recognizes a total input to Aquifer 23 of 250 Hm3/year and the legal 
“limited” water concessions amounts to 300 Hm3/year (the 
“unlimited” water concessions exceeds 600 Hm3/year), meaning an 
intrinsic deficit of at least 50 Hm3/year to be compensated by 
diversions from Tajo River Basin. 

 Does not guarantee any maintenance flow or minimum floodland in La 
Mancha Húmeda Biosphere Reserve (only Nature can grant any) 

 Continues with the temporal Extractions Program allocating 230 
Hm3/year. 

 Opens the door to implement or “legalize” irrigation wells with 
moderate consumption 

 Recommends that the PEAG should be cancelled considering 
allegations from diverse stakeholders (CHG, 2012). 

Again, we have not learnt from past experiences and the structural and 
mental shift to the new Millennium is yet to come, even in the official 
plans and policies. Then, the sustainable use of the Aquifer is basically 
on the users’ hands with limited Administration interference.  

2.2.2. Agrarian Policies 
Green Revolution 
This trend mechanized farming processes, introduced intensive use of 
chemical products and irrigation to enhance the production and crop 
diversity, increasing the irrigated land from 30.000 to 150.000 Ha (López 
Sanz, 1998), resulting in a potential water demand in excess of 600 
Hm3/year 
The European Union Common Agricultural Policy (PAC) 
This policy allows European farmers to meet the needs of 500 million 
Europeans inhabitants, ensuring a decent living standard for farmers and 
providing a stable and safe food supply at affordable prices for 
consumers.  
After the adhesion of Spain in the EU, it was implemented with the 
objective to subsidize farmers that economic loss produced by the 
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equalization of product prices globally, but with important critics on the 
calculation system and to favor irrigated and large exploitations (López 
Sanz, 1998).  
As result, any farmer’s objective was to implement as most irrigated land 
as possible to receive substantial subsidies, rated four times more than 
rainfed. According to official data (Fondo Español de Garantía Agraria, 
s.f.), CLM has received 20.000 MEur during the period 1986-2013, so 
considering the 30% destined to Aquifer 23 area, amounts to 6.000 
MEur. 
Agro-Environmental Plan (PCR) 
The main objective was to conserve and maintain in the best possible 
conditions the agrarian sector respecting the ecological survival through 
the irrigation stabilization and withdrawal reduction down to 300 
Hm3/year, establishing three different levels of water saving, from 50 to 
100% of the total legal concession, compensating accordingly. It was 
implemented in 1993, valid for a 15-year period, and endowed with 300 
MEur mostly funded by the EU. 
Many aspects were criticized, as the application system as the most 
important factor was the irrigated land extension, profiteering large 
exploitations. Also the monitoring system, mainly remote sensing of 
aerial images and field visits by staff of the AWUA and CHG, with a 
relative accuracy and effectiveness. Summed to the fact that most of the 
farms were in marginal areas of the Aquifer with dry wells, no access to 
water at all, little real water was saved (López Sanz, 1998). 
Finally, this plan was basically designed to compensate economically the 
farmers, without considering any promotion of environmental-friendly 
agrarian practices. 
Subsidies to root out traditional rainfed vineyard 
In 1991 CLM and EU administrations designed a plan to subsidize the 
elimination of traditional rainfed vineyards, so a great extension of land 
was just abandoned with the subsequent erosion risk and local laborers 
occupation lost (WWF, 2011).  
Subsidies to plant irrigated vineyard 
Few years later, the previous administrations launched a new program to 
recover that vineyard lost but establishing irrigated espalier as plant 
typology to ease the harvesting mechanization.  
In summary, the different plans and efforts implemented by the 
responsible Administration are contradictory, having not harvested 
positive results towards the recovery of water depletion and related 
environment. The most evident outcome has been the economic 
injection of numerous subsidies that have been mainly monopolized by 
lobbies and few chief-farmers with no development towards a necessary 
sustainable agriculture. 

2.2.3. Hydraulic Works 
The above described legal framework and agrarian policies resulted in 
the development of different hydraulic works during the 20th century 
with a two main objectives: to increase land availability reclaiming marsh 
and woodland and, to enhance farming profitability through the 
intensive irrigation implementation with no attention to any likely 
environmental impact. 
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Colonization Project 
Legally supported by the Drainage of Guadiana River Act, was 
theoretically focused on eradicating the spreading of “mosquito” illness 
by reclaiming 25.000 Ha marshland over La Mancha area (4% of the 
total system extent), and in parallel, to expel outlaws and impoverished 
whom made their living from fishing and hunting. 
Violent excavations were made on Záncara, Cigüela, Guadiana River 
beds and related wetlands (Fig. 16). The primary objective was the 
Guadiana River, over the reach between “Los Ojos” and PNTD, 
destroying all the ancient weirs and watermills, meanders and original 
topographical features and altering the original flowing conditions, 
removing the floodplains and significantly downgrading the Aquifer 
water table. 
In 1966, Puente Navarro and Flor de Ribera watermills weirs were 
destroyed to dry the Southern part of the PNTD and also, a radial canal 
to divert the Cigüela River was planned to drain completely the Park 
(Serna Martín & Gaviria, 1995). Hopefully, this canal was technically and 
economically unfeasible, but in 1971, an alternative lateral canal was 
commenced to build, completely draining up the Park (RTVE, 1971). 

 
Fig. 16. Los Ojos del Guadiana aerial images. Before (1956) and after 
canalization works (2001) (Jerez García & Sánchez López, 2014). 
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Fig. 17. River reaches channeled over UGB (CHG, 2012). 
After severe struggles between the Colonization Union and incipient 
ecologists associations, works were stopped thanks to the intervention 
and persuasion of Swedish ecologists and authorities to the Foreign 
Affairs Spanish Minister, Mr. López Rodó (Carandell, 1977).  
After undertaking “part” of the project, River beds bottom elevation was 
decreased down to 5 meters along 50 km for Ciguela River (from 
Záncara concourse, to the Southwest of Alcázar de San Juan down to 
Las Tablas de Daimiel), 20 km for Guadiana (from “Los Ojos” to 
PNTD) and less than 20km for Záncara (from to North of Arenales de 
San Gregorio to the Cigüela concourse).  
The immediate results of this desiccation project were a significant 
Aquifer water table drop, draining in excess of 1.000 Hm3, sudden fading 
of more than 6.000 Ha of wetlands, reclamation of hydraulic public 
domain by individuals, complete destruction of fisheries and the best 
Spanish crayfish habitats (ElPais, 1978).  
The channeling works continued over years, resulting in a complete 
modification of the entire hydrographic network in the study area (Fig. 
17), destroying completely numerous marshlands which most have 
limited farming profitability due to the soil high salinity grade.  
Dams 
La Mancha hydrology net has suffered significant modifications from its 
pristine condition, apart from the discussed channeling works, the 
hydrological external inputs has been lowered or even eradicated except 
for the really wet years, due to the commissioning of different dams 
during the second half of the 20th century (CHG, n.d.): 

 Peñarroya Dam (1959), over the South-Eastern edge dams one the 
most important feeders of the Aquifer 23, the Old Guadiana River 
which conveys the surplus flow coming from the Aquifer 24. The 
reservoir volume is 50 Hm3 and was designed to prevent historical and 
rare flooding events but, mainly to satisfy demands from Tomelloso 
and Argamasilla de Alba cities, as well as crops irrigation through an 
open-air channeling net able to irrigate up to 7.000 Ha, replacing the 
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Historical Gran Prior Channel (Appendix III). Apparently, there is no 
allocation for any maintenance flow, only when the reservoir is at full 
capacity overflows through the dam spillway (Fig. 18). 

 Vallehermoso Dam, Azuer River, erected in 1988 on the southern edge 
of the system, holding back the second hydrological input coming from 
the adjacent Aquifer 24. The capacity is limited to 7 Hm3 and was 
planned to satisfy urban and agrarian demands, no allocation for 
maintenance flow at all. 

 Muleteros Reservoir, located in the Záncara River on the north-eastern 
part of the Aquifer and consists of a simple earth dam 5 m height, 
aimed to maintain flooded the adjacent Navaluenga and others lagoons. 

 Puente Navarro Dam, over downstream edge of PNTD on Guadiana 
River, erected in 1987 with a clear environmental purpose to retain 
water level in the Park. The capacity is 2.2 Hm3 and the spillway is 
rated in 212 m3/s, even though the huge discharge basin (13.400 km2). 

In addition, during the 1980s, some weirs were erected on the Cigüela 
River in Quero and Villafranca municipalities, to divert flows into private 
marshlands to assure the continuous water availability for hunting 
practices. Therefore, these hydraulic works prevented the inflow from 
Ciguela River into PNTD and were declared illegal by the CLM Council 
(Peral, 1986) and demolished by Authorities. 

 

 
Fig. 18. Peñarroya Dam (2011; above) and Puente Navarro Dam 
upstream side (2009; below). 
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Wells 
The traditional private catchments typology was craftsman water-well or 
waterwheels with low-consumption rates and limited depth to 6-8 meters 
driven by animal power, which took advantage of shallow groundwater 
level that rarely dried up with limited impact on the Aquifer because all 
the users had similar withdrawal potential.  
However, during the 1970s the introduction of modern engine pumping 
systems, either electrical or combustion, drove to the spreading of 
several hundred meters-depth wells able to withdrawal groundwater 
from more than 200m depth.  
As mentioned, during the early 1980s occurred a “well-rush”, with an 
estimated increment from 10.000 traditional waterwheels to 40.000 high-
consumptive modern wells spread over the entire system (Fig. 19).  
Finally, it is important to remark that this invasion and Aquifer depletion 
drove to a vicious cycle: the lower phreatic water table, the deeper and 
more expensive the well is, and the higher energy pumping cost. This is 
known as “wells-war”, whose losers are family farmers with limited 
resources, being their unique escape to apply for subsidies for water 
saving procedures but in fact, were not able to extract any drop from the 
Aquifer (López Sanz, 1998). 
Diversion Project to La Mancha plain 
The conception of this vast project comes from the 1933 PHN and was 
finally approved in 1995, justified by the necessity of ensure the urban 
and industrial supply for more than 500.000 inhabitants in the UGB 
because the wretched state of the internal resources endangered the 
continuous and safe supply (Salinas Hernández, 2000).  
It consists of an artificial piping net diverting up to 220 Hm3/year from 
the already existing Tajo-Segura diversion project. This was 
commissioned in 1979 being the most important water-transfer project 
carried out in Spain able to convey a maximum of 1.000 Hm3/year from 
the center of Spain to the Mediterranean coast. Its layout stretches a total 
of four Basins, going through Guadiana and Jucar Basins. 
Indeed, during the 1990s extreme draught, farmer lobbies and regional 
authorities identified the Tajo-Segura diversion as the key to solve La 
Mancha water problem. The argument is based on a geographical 
premise: the Tajo-Segura intake and significant part of the canal is 
located within CLM region, and as the destination is the Segura basin in 
the neighbor Murcia autonomous region, therefore, La Mancha farmers 
claim that ‘Mancha water for Mancha people’ but it must be reminded 
that any Murcia farmer pays 0.14 Eur/m3 for the transferred water 
(WWF/Adena, 2003), mainly to cover pumping and infrastructure 
maintenance costs and currently, no one extracting water from the 
Aquifer 23 pays a cent, except for pumping energy costs.  
In 2009, during the execution of the civil works, the Ministers Council 
promulgated the necessity to accelerate the works consisting of a new 
pipe branch of 30 km-long to convey water directly to PNTD with an 
environment objective: extinguish the underground fires occurring by 
that time. 
In 2011, the first phase of the project was inaugurated after allocating 
more than 152 MEur and installing 200 km-long pipes, the upstream 
reservoir and ancillary facilities, able to supply drinking water for 59 
municipalities of La Mancha plain. 
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Fig. 19. Wells distribution over the UGB, red contour corresponds to 
Aquifer 23 (CHG, 2012). 

2.2.4. Water uses 
This chapter is focused on estimating and assessing the quantity of 
withdrawal water volume from the Aquifer during the period 1970-2012. 
Obviously, due to the extension of the study area, 5500 km2, and the low 
quality and imprecision of available data, the following results could not 
be completely exact but will address perfectly the purpose of this 
research. 
Therefore, the data exposed hereinafter has been retrieved from different 
sources, such as Municipality water supply agencies, AWUA, CHG, 
ecologist associations, and different research papers, which have been 
processed conveniently based on objective criteria.  
Urban 
Legally, urban supply is considered as the first and essential demand to 
satisfy, being water the most valuable first-need good, thus the whole 
juridical framework guarantees that this use possess complete priority 
over the other uses. 
The methodology employed to assess the amount of water assigned to 
urban uses has been simple and straightforward: population estimation, 
then assignation a mean allocation of water demand per inhabitant and 
per day and the total water demanded is obtained.  Afterwards, this 
figure is corroborated to official data of average water consumption 
from water supply companies and administrations. 
The average allocation for the area is relatively high because of the 
typical rural environment that provides a low population density with 
single-family houses and the inclusion of the industrial needs, then 350 
liters/person/day is assumed. Then, the urban consumption from the 
Aquifer for the period 1970-2012 has been from 25 up to 30 Hm3/year, 
and a maximum long term demand of 40 Hm3 is expected.  
Recently, the study area has experienced a great development of thermo-
solar power plants, which take advantage of the sunlight to produce 
electricity requiring water for cooling and cleaning purposes. There are a 
total of 6 plants operating that sums up to 300 MW installed power, 
occupying 1.200 Ha and consuming 6 Hm3/year.  
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Finally, according to data retrieved from the water-supply company of 
Alcázar de San Juan the normal annual water-consumption amounts to 
3.5 Hm3 to satisfy 30.000 inhabitants needs (Aguas de Alcázar, 2010), 
including commercial and industrial use. Then, taking this ratio for 
250.000 inhabitants, the result is a water demand in our area of 30 Hm3 
per year, matching with the presented results. 
Agrarian 
From the quantitative standpoint, farming irrigation is the most 
important consumptive use of the system, potentially twice the average 
natural recharge rate of the system, whereas livestock’s scarce presence 
potentially needs no more than 3 Hm3/year (Anon., 2006).  
The estimation of the yearly water consumption of this sector is driven 
by an intrinsic inaccuracy of the available data with important disparities 
among sources. This deficiency comes from the agrarian demand is 
calculated through remote sensing of aerial images analysis and AWUA 
reports, with a logical but unacceptable uncertainty. Currently, only 8.000 
wells out of 40.000 have properly installed a certified flow-meter system. 
Thus, the methodology to assess that agrarian withdrawn from the 
Aquifer has been addressed theoretically through a mean yearly 
allocation and, multiplying this figure by the total irrigated land for every 
year and summing up every factor, the total demand of water per year is 
obtained (Fig. 20). Irrigated land and yearly consumption data has been 
selected taking the most pessimistic values to represent the notorious 
presence of non regularized catchments operating freely which address 
the purpose of this paper, (López Sanz, 1998), (López Geta, et al., 1989), 
(CHG, 2008). 
The peak overuse of the Aquifer occurred in the late 1980s, when the 
extractive potential amounted to 600 Hm3/ and most part of the 150.000 
Ha irrigated was non-indigenous crops demanding up to 8.000 
m3/Ha/year. 
In 1987 the Provisional Aquifer Overexploitation Declaration was 
passed, when the phreatic level had dropped dozens of meters and those 
marginal or shallow wells started to dry up and then, only those able to 
put down to hundred meters could withdraw water.  

 
Fig. 20. Irrigated land extension and total water consumption. 
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Fig. 21. Crop distribution (Aldaya & Llamas, 2008). 
Afterwards, withdrawal flow decreased below 400 Hm3/year, being 
steady till now even though the irrigated land extension has practically 
duplicated, as result of those public subsidies to install drip irrigation for 
vineyard, demanding less than 2000 m3/Ha/year and securing 
production, which currently amounts up to 85.000 Ha. Besides, the total 
farming extension in La Mancha can be estimated in 300.000 Ha, 
practically equally distributed into rainfed and irrigated (Fig. 21). 
The Extractions program enforcement has resulted to develop certain 
water-saver techniques as well as assessment on the appropriate crop to 
cultivate that sums a total average allocation of 2.200 m3/year/Ha. This 
is the half compared to the old days, when the mean allocation reached 
4.500 m3/Ha/year, demanding 600 Hm3/year. 
In conclusion, the agrarian sector has been the main consumer of the 
Aquifer 23 being its current allocation ten times the urban and industrial 
demand together, which rigid private rights indefinitely will remain as 
most of the water concessions are perpetual, so currently, the unique 
feasible control tool is that extractions program throughout a severe 
withdrawal monitoring to ensure a fair allocation system among every 
user. 
Ecological 
According to WFD, an ecological demand should be considered to 
ensure the sustainability of the numerous wetlands and related Rivers 
ecosystems present in the area which constitutes the Biosphere Reserve 
This demand can be obtained summing two factors: a continuous 
minimum ecological flow of 1 m3/s sourcing from the Aquifer to flow 
through PNTD and to maintain Guadiana River alive from its real 
source, some 50 Hm3/year, this phenomenon is only possible when the 
phreatic is shallow enough, at least 610 masl over “Los Ojos” area. 
In addition, the second factor is evaporation from marshlands, which 
potential flooded area is up to 10.000 Ha, depending on the rainfall 
intensity and phreatic level, with the average evaporation rate of a 
shallow water body 1000 mm/year, results in a maximum potential 
evaporation of 100 Hm3/year. But that extent has been rarely achieved, 
even during the recent wet period that flooded area was 5.000 Ha, so the 
minimum maintenance floodland can be estimated in 5.000 Ha, (50% of 
the total extension) releasing out to the atmosphere 50 Hm3/year. 
In conclusion, the theoretical ecological demand of Aquifer 23 water 
bodies  can be estimated in 100 Hm3/year when a reasonable land of 
10.000 Ha is flooded and around 1 m3/s outflows in Guadiana River, 
only possible in the long term with shallow phreatic level connected to 
surface water bodies. 
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Fig. 22. Draught-wet events evolution. 

2.2.5. Climate Change 
Among the countless effects of climate change on rainfall distribution 
and temperature rise, the most important will be the severity of draught 
events. The rainfall periodicity of dry and wet years within the study area 
since 1945 is summarized (Fig. 22), (Álvarez Rodriguez, et al., 2008). 
The recorded events provide that at least a significant draught event 
comes about once per decade, and also, the occurrence since the 1990s 
has increased, three events in twenty five years, apparently showing the 
silent effect of climate change.  
Moreover, downscaling the rainfall to singular events, it has been 
recorded local stormy events on the area, pouring up to 200 mm/day, 
the half of one regular year in just few hours, flooding urban areas 
mainly because of the low hydraulic performance of the un-maintained 
Rivers channels and drainage system, as occurred in Alcázar de San Juan 
in May 2007. According to different sources, the future climatic 
conditions are expected to be more irregular either in time and space, 
bringing severe and large dry periods interrupted by singular rigorous 
stormy events and very few wet periods. 
Finally, the sensibility to draught events is determined by the water 
resources available at the particular dry area, so in this case, the vast 
Aquifer must be considered and managed as the life insurance against 
extreme coming periods without depending on water transfers from 
battered neighbor River Basins. 

2.2.6. Phreatic Table Evolution 
This phreatic network consists of 50 points with continuous monthly 
registers that covers the totality of the system and reveals its actual 
conditions (Mejías Moreno, 2012), being this data the most accurate to 
guide the system dynamics and allows carrying out a quite realistic 
assessment of the system dynamics to estimate the water deficit volume 
compared to pristine conditions. 
Before 1980, the pristine direction of the underground flow was from 
East to West with a hydraulic gradient of 0.06%, discharging a 
continuous flow by gravity over “Los Ojos del Guadiana”, whose 
elevation is between 610 up to 625 masl.  
During two decades the phreatic level dropped progressively: from 1980 
to 1984, the oriental sector decreased 5 meters increasing the hydraulic 
gradient to 0.1%; till 1987, the core level dropped 5 meters more which 
caused to increase the gradient up to 0.2%, modifying slightly the main 
flux East-West to new transversal fluxes, diminishing the natural 
upwelling flow.   
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Fig. 23. Phreatic table evolution (IGME, 2009). 

In 1988, the most critical situation by then was reached when the levels 
had dropped between 15 to 30 meters, completely broking the natural 
underground flow converted into a radial flow towards the central area 
where the wells demanded flow. Phreatic levels continued dropping, as 
result of continuous withdrawal summed to a dry period, till 1995 when 
the usable portion of the Aquifer was depleted and even some urban 
supply restrictions were implemented.  
The subsequent brief wet period (1996-1997) raised the phreatic table by 
10 meters and remained almost steady, with a certain decaying trend, for 
one decade till 2009 (Fig. 23 and Fig. 24). Therefore, during three 
decades have occurred a complete disconnection between Rivers and 
Aquifer, disappearing “Los Ojos del Guadiana” (IGME, 2004) and 
almost all marshlands. 
Surprisingly, the wettest period ever registered have brought an 
appreciable recovering of the water table up to 20 meters even taking 
place a succinct revival of “Los Ojos del Guadiana” at its lowest reach, 
15 km downstream the highest one. Then, the Aquifer natural spillway 
starts to operate when phreatic level is above 607 masl, as registered in 
2012, and also this implies water flooding PNTD does not percolate into 
the ground and thus, is able to flow downstream the system. 
Moreover, the total storage state of the Aquifer can be estimated through 
mean piezometric records and a conservative average storage coefficient 
of 2.5%, results in a unitary storage volume of 125 Hm3/m (Fig. 26.), 
(Mejías Moreno, 2012). 
Comparing (Fig. 26) to (Fig. 14) it is easily noticed the parallelism 
between rainfall and phreatic level through the different discharge-
recharge cycles that the systems has suffered, specially the steady descent 
up to 1995 and the certain recovery period developed during the 
following years 1996-1997. Then, there was another emptying phase up 
to last winter 2009-2010, when the remarked rainy period started 
producing an incredible recovery.  
In conclusion, data provide by the IGME is the most realistic in 
quantitative terms and are used as the determining factor for assessing 
the rest of variables with inaccurate data to assess the system dynamics. 
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Fig. 24. Estimated phreatic profile along the East-West main Aquifer axis. 

 
Fig. 25. Phreatic evolution in “Los Ojos del Guadiana” 1980-2012. 

 
Fig. 26. System volume deficit 1980-2012. 
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3. METHODS 

One of the main objectives is to simulate the behavior of the Aquifer 
dynamics, focusing on the quantitative variations or material flows since 
1970 till 2012, which considering the available data is quite challenging. 
Therefore, in order to provide a simple but effective analysis a 
conceptual 0-D model of the system is proposed to evaluate the carrying 
capacity of the system and also, to sustain any further actions to take.  
The physical volume or domain of our system consists of 5.500 km2 
surface and an average depth of 150 m, summing up a potential storage 
of 10.000 Hm3 and can be assimilated as a huge underground mass of 
liquid water with the following boundaries: 

 Bottom: the Paleozoic bedrock underneath the Aquifer body, closed 
boundary. 

 Upper: water surface, open boundary to the atmosphere.  

 Laterals: Hydraulic or geologic boundaries open to the Northern part 
and closed to the South. 

The process to study is the recharge-discharge approach driven by the 
different external inputs and outputs that interact with the defined 
domain over time, the formulation basis to adopt is the general balance 
law (Cvetkovic, et al., 2006): 
Accumulation = Inflow - Outflow + Generation = Sink/Source  
Obviously, the parameter of interest in our study is water volume [V], 
and Generation is assumed to be null over time.  The variation of the 
water volume in our domain is: 

),( tVS
dt

dV
     

Where S represents all possible sources (inflows) and sinks (outflows) 
that interacts in our Aquifer system. The solution of the above 
differential equation is a function that quantifies the dynamics of the 
system: the evolution of time of the storage water volume. 

  
i

ii tVOtVItVS ),(),(),(
    

Then, the different sources of water volume  iI  flowing into the 

Aquifer can be listed as (López Geta, et al., 1989): 

 Direct infiltration from rainfall 

 Lateral contributions from adjacent Aquifer nº 24, “Campo de 
Montiel” to South. 

 Lateral contributions from adjacent Aquifers nº19 “Caliza de Altomira” 
and nº20 “Terciario Detrítico calizo del Norte de la Mancha”, both 
located to North. 

 Direct infiltration from superficial hydrology: Azuer, Pinilla or Old 
Guadiana, Córcoles, Záncara and Cigüela Rivers.  

 Infiltration from returns of own resources for both urban and 
agricultural uses and returns from Valdepeñas Reservoir uses. 

On the other hand, the different sinks of water volume 
 iO

 that extract 
water volume from our domain are: 
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Fig. 27. Aquifer 23 system model. 

 Drainage or overflowing to “Los ojos del Guadiana” and later outflows 
downstream PNTD. 

 Direct evaporation from floodland. 

 Pumping out to satisfy agricultural purposes. 

 Pumping out to satisfy urban needs. 

 Lateral underground flows to Jucar River basin. 
Then, the universal conservation law assuming the listed sources is: 

),(),(),(),(),(

),(),(),(),(),(),(),(

54321

654321
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dt

dV





Finally, (Fig. 27) symbolizes the proposed system model, which arrows 
size represents the relative magnitude. 

4. RESULTS 

Starting from the conceptual model presented, the balance equation will 
be solved yearly discretely from 1970 to 2012 (Appendix I), driven by 
that presented yearly system deficit (Fig. 26), and also on own technical 
judgment.  
The great challenges are to determine the infiltrated rainfall and agrarian 
consumption, being the consulted sources dissimilar representing a 
significant uncertainty aggravated by the system extent. 
Accordingly to the conceptual model, the system has six water sources or 
inputs highly dependent on regional weather conditions, then, 
relationships will be built to rainfall registers and adjusted based on 
particular criteria.  

4.1. Inputs 

4.1.1. Infiltration from rainfall 
Following the physical description of the system, the precipitation is 
assumed to be equal to evaporation plus “useful rainfall”: 

IEP  [mm/year] 
Where, P is yearly normal rainfall, E is total evaporation and I is useful 
rainfall that may percolate or transformed into runoff. 
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Fig. 28. Input 1: Average yearly infiltration from rainfall. 

Useful rainfall (Fig. 14) is divided by the infiltration rate (85%) and 
multiplied by the extent of our system, 5.500 km2, to obtain the yearly 
infiltration volume (Fig. 28). 
This estimation can be seen as course as disregards factors as rainfall 
intensity distribution throughout the year and particular soil moisture 
conditions, but this imprecision may be compensated with the regional 
extent of the domain and presented order of magnitude. 
Therefore, the obtained recharging disparity is tremendous, existing years 
with no infiltration at all and during wet periods exceeds 600 Hm3/year, 
being the average is 364 Hm3/year. 

4.1.2. Lateral inflow from Aquifer 24 
Despite the erection of Peñarrolla Dam on adjacent system drainage, 
exists a continuous Mesozoic stratum which summed to the hydraulic 
head allows water flowing from Aquifer 24 into 23. 
The neighbor Aquifer is unconfined with important fluctuations due to 
limited inertia and extent summed to the variability of its main recharge 
input: rainfall. These oscillations come from the high permeability and 
infiltration capacity of the constituting Jurassic materials: the upper of 
Mesozoic Limestone highly permeable and beneath, impermeable 
Triassic clay (ITGE, 1985). 
The estimated flow received is 40 Hm3 in pristine conditions, but as 
depends on the hydraulic head, the inflow during overexploitation can 
vary from 25 to 60 Hm3(Mejías Moreno, 2012), accordingly to the highly 
dependent phreatic levels on rainfall conditions. Then, considering this 
constrains the following relationship between rainfall conditions and 
total inflow from Aquifer 24 is proposed (Fig. 29). 

9)(08.0)(2  txPtI [Hm3] 

Where, I2 is yearly inflow, and P yearly normal rainfall [mm]. 

 
Fig. 29. Input 2: total inflow from Aquifer 24. 
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4.1.3. Lateral inflow from Aquifers 19 and 20 
On the contrary to the Aquifer 24, these located to North do not present 
such continuous hydraulic connection. Number 19 is formed by a 
complex and bended set of Jurassic limestone and marlstone stratums 
covered by impermeable Miocene materials that make the system 
confined. Available phreatic data, together to the complexity of the 
geological structure between units, points to a total transfer between 2 
and 4 Hm3/year into Aquifer 23 depending on rainfall conditions, 
diminishing linearly for those periods below average rainfall  
Number 20 Aquifer entity is quite insignificant, constituted of detritic 
materials with limestone traces with limited storage capacity whose main 
recharge and discharge source is Cigüela River being groundwater 
transfer assumed to be null (ITGE, 1985).  

4.1.4. Outer Rivers infiltration 
As direct infiltration from downpour that may incorporate into the 
system has been included in the first input, is only considered those 
streams coming out from the study area.  
This input is based on the historical flow-metering data of the CHG, 
selecting those stations located close to the edges of our study system on 
every stream (Fig. 30), being: 
Table 5. Flow-meter stations selected  

 River CHG code Description 

1 Azuer 04101 Azuer-Vallehermoso 

2 Old Guadiana-Gran Prior 

Channel 

04001 Peñarrolla Reservoir 

3 Córcoles 04206 Córcoles-Los Castellones 

4 Záncara 04204 Záncara-El Provencio 

5 Cigüela 04202 Cigüela-Villafranca 

The consistency and quality of the data obtained from the CHG can be 
considered quite low, no registers for many years, even recently, so it has 
been completed accordingly with different data sources such as 
(CEDEX, 2010), (MAGRAMA, n.d.), also based on own judgments 
related to the rainfall conditions and from direct observation. 

 
Fig. 30. Selected gauging stations. 
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Therefore, it has been of highly importance to revise any available 
historical references to evaluate the pristine condition, outstanding: 

 Old Guadiana River, upstream the actual Peñarroya Dam, gauged flow 
amounted up to 4 m3/s in May 1849 (De Castro, 1854), meaning an 
estimated yearly volume in excess of 100 Hm3. 

 1933 PHN (Lorenzo Pardo, 1932), comprised: 
Table 6. Data of interest extracted from 1933 PHN.  

River-Gauging station Old Guadiana- Atajadero Cigüela-Quintanar

Basin Area (km2) 1.400 1.010 

Average Flow (m3/s) 3.47 1.81 

V, Volume (Hm3) 109 57 

h (V/Sx1000) (mm) 78 57 

H registered rainfall (mm) 477 456 

Runoff coefficient (H/h) 0,16 0,12 

With regard to the distribution of the gauged flows (1915-1929), is 
noticeable the steadiness of Old-Guadiana River downstream “Las 
Lagunas de Ruidera”, with a minimum flow of 2 m3/s. Ciguela River 
dynamic presents a remarked seasonality and irregularity, which used to 
dry up during summer time (Fig. 31). 

 

 
Fig. 31. Old Guadiana River (above) and Cigüela River (below) 
monthly average extreme flows (m3/s) for 1915-1929. 
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Fig. 32. Input 4: Rivers. 

The estimated infiltrated volume from Rivers incorporates a deduction 
factor (80%) due to the effect of evaporation and infiltration rates. The 
marked events are Old Guadiana River, coming from Peñarroya Dam 
discontinuous overflow, and Cigüela River that conveys water from 
Tajo-Segura transfer: 1988-1991: 41 Hm3; 1991-1994: 24 Hm3, 1995-
2005:50 Hm3 and in 2009: 10 Hm3, (Fig. 32). 
The results display the neighbor systems’ overdraft suffered in the 1980s, 
dams erection with no maintenance flow allocation and draught events 
results in a practical extinction of Rivers, only interrupted by wet years.  

4.1.5. Infiltration from returns 
Gathers urban returns (50%), from 14 to 16 Hm3/year, linearly 
distributed. No return from irrigation is considered as used techniques, 
spraying and dripping combined to the extreme evapotranspiration value 
during watering period results in a very little chance to any infiltration. 

4.1.6. Inputs summary 
Once every input has been assessed, the yearly inflow to the Aquifer is 
presented (Fig. 33), and analytically (Appendix I). 

 

 
Fig. 33. Inflow by input (above) and yearly total (below). 
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The extreme differences between dry and wet cycles outstands, being the 
maximum inflow volume 1.400 Hm3 in 2010 and the minimum 55 H m3 
in 1994, almost 2.500% of fluctuation mainly ruled by the differences on 
infiltration from rainfall.  
The analysis of the presented values allows the system’s carrying capacity 
estimation, presenting an average renewable resource of 500 Hm3/year, 
however, there is a critical difference between extremes (1423 and 55 
Hm3), classified by typical year: 
Table 7. Inputs by typical year.  

Total Input (Hm3/year) 1970-2012 

Year Type Ave Max Min 

Wet (rainfall>1.15*average) 963 1.438 747 

Regular (1.15-0.85*average) 498 831 259 

Dry (rainfall<0.85*average) 156 279 55 

4.2. Outputs 

4.2.1. Natural drainage  
This first output is that stream flowing out the system boundaries, 
specifically downstream PNTD, which assessment is based on gauging 
station data completed upon different references and before 1980, when 
the system is assumed to be self-regulated, the outflow presented is that 
one that balances the system to the equilibrium (Fig. 34).  
Pristine data (1931-1971) shows an average outflow of 400 Hm3/year 
with marked extremes 68-864 Hm3/year (SGOP, 1982). Besides, 
deserves attention a gauging station data located midway “Los Ojos” and 
PNTD for the period 1915-1940, with a quite steady yearly flow of 45 
Hm3/year (1 m3/s). 
Over again, this is the best descriptor of system’s health which manifests 
the progressive resources depletion, proving that with deep water table 
there is no chance to any discharge downstream the system, even during 
wet periods.  

4.2.2. Evaporation from marshlands 
La Mancha Plain was dotted with hundreds of marshlands and ponds 
causing a great evaporation potential under such climatic conditions, 
being the former floodland extent 25.000 Ha (Serna Martín & Gaviria, 
1995), prior to those drying policies mentioned.  
In 1970, the surface water bodies summed 15.000 Ha, to descend in two 
decades to 5.000 Ha in wet conditions and less than 100 Ha in dry 
periods. Besides, the real evaporation is 900 mm/year according to 
weather stations data and field experiences, but is enhanced till 1200 
mm/year due to the high evapotranspiration rate of marshy vegetation 
(Cruces de Abia & Martínez Cortina, 2000).    

 
Fig. 34. Output 1: Natural Drainage. 
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Fig. 35. Output 2: Evaporation of marshlands. 

Similarly, this output is assessed assuming an evolution of ponds surface 
partially affected by rainfall register (Fig. 35). Evaporation is a key player 
which regulates the system excess together with the drainage so the 
extinction of marshlands means atmospheric losses diminution and a net 
available resource increase but, implies a reduction of the atmospheric 
humidity. 

4.2.3. Withdrawal for agrarian use 
Accordingly to previous Agrarian use chapter, the total withdrawal 
volume during the study period (1970-2012) sums 15.000 Hm3, a yearly 
average of 370 Hm3 and a maximum of 650 Hm3 in 1987 (Fig. 36). 
Obviously, it has been the all-consuming agent that has overdraft the 
resources, especially during the 1980s when groundwater was at hand 
and the “agrarian rush” was in its peak. Since the overexploitation 
declaration, certain efforts and policies from the Administration have 
reduced the withdrawal rate down below 400 Hm3/year.  

4.2.4. Withdrawal for Urban Use 
The total volume allocated to satisfy domestic, commercial and industrial 
purposes has been calculated from population evolution and allocation 
already described, being the yearly output 24 to 30 Hm3, linearly 
distributed from 1970 to 2012. 

4.2.5. Lateral underground flows to Jucar River Basin  
The last outflow is assessed through phreatic level differences between 
the Aquifer 23 and the neighbor UH 08.17 “Serranía de Cuenca” 
pertaining to adjacent Jucar River Basin, which also overdraft and as its 
water table goes deeper, the water transfer increases accordingly from 
the Aquifer 23. The yearly outflow is approximately 10 Hm3 and for a 
pristine condition, this term is considered null because the assumption of 
initial equilibrium (CHG, 2008). 

 
Fig. 36. Output 3: Agrarian use. 
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Fig. 37. Yearly outflow by output (above) and total yearly (below). 

4.2.6. Outputs summary 
Once every output flow during the study period has been estimated, is 
time to present the results graphically (Fig. 37) and also analytically 
(Appendix I). 
As mentioned, the scale of agrarian uses is totally disproportionate 
representing almost 95% of the anthropogenic demand, whereas urban 
needs are theoretically guaranteed by the renewable inputs obtained 
previously. 
Finally, the outflow results depict the different trends described, before 
1980, the outputs were driven by natural phenomena: drainage 
downstream the system and evaporation of ponds. During the 1980s, 
maximum irrigation development and withdrawal took place till 
exhausting the Aquifer, afterwards, certain moderation due to intrinsic 
system limitations and deep water table summed to water-saving subsidy 
policies.   

4.3. Quantitative balance 
After estimating and compiling every input and output of the system 
along the last forty years, the system balance is obtained through 
proposed system model and the recharge-discharge approach, general 
balance law, driven by the different external inputs and outputs that 
interact with our system (Fig. 38). 
Once again, the unsustainable use of our Aquifer is depicted, being the 
1980s the best example to spread out in order to avoid repeating over 
again in the future. Later on, the system has operated as a classic 
reservoir, providing water in arid periods and recharging during rainy 
ones.  
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Fig. 38. System budget from 1970 to 2012. 

The burden inherited from the 1980s, a deficit volume of almost 4.000 
Hm3, has been partially overcome thanks to the recent rainy period but 
in 2012, is still rated in 1.000 Hm3 compared to pristine conditions. 
Finally, the consistency of the presented results is supported by the 
phreatic evolution monitored by the IGME, which generally coincides 
with the trend performed by the Aquifer. The differences are due to the 
inertia of the system and the logical intrinsic inaccuracies harvested in 
the estimation of the different parameters of water budget. 

5. DISCUSSION 

5.1. Carrying capacity 
The analysis of the system performance allows assessing what are the net 
available renewable water resources that characterize the carrying 
capacity of the system, which can be defined as that human demand the 
Aquifer can support without significant negative impacts to the 
environment. 
Therefore, the yearly renewable resources merely are the sum of natural 
inputs, which average is 513 Hm3/year (1970-2012), but decreases to 440 
Hm3/year (1980-2012). So, this last period is used to define the 
occurrence classification by wet, regular and dry year (Table 8). 
As mentioned, the disparity of renewable water resources in the system is 
tremendous, mainly due to the irregularity of the climatic series that leads 
to severe and long dry years interrupted by sporadic wet years. The 
recent wettest period over the last 60 years has brought a maximum 
yearly input to the system in excess of 1.000 Hm3, but the critical point is 
that there are years which total input falls down to 50 Hm3/year coming 
mainly from lateral groundwater flows.  
Next point to assess the carrying capacity is to deduct the theoretical 
ecological demand to the net renewable resources. This has been rated in 
100 Hm3/year, equally divided into marshland evaporation and surface 
outflow downstream the system. Then, subtracting the ecological 
demand to the renewable resources the carrying capacity of the system, 
or net available renewable resources, is obtained. 
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Table 8. Carrying capacity.  

Flow (Hm3/year) Dry (24%) 
Regular 
(52%) 

Wet 
(24%) 

Average 

Inputs (1+2+3+4) 106 372 918 440 

Minimum Ecological 
Demand 

100 

Net Available Renewable 
Resources 

6 272 818 340 

Urban Use 40 

Agrarian Use -34 242 778 300 

In contrast, water concessions registered in the CHG for underground 
waters amounts up to 600 Hm3 and shows the excess of contractual 
obligations and groundwater mismanagement, nevertheless, the 
overexploitation declaration of the Aquifer theoretically reduce 
temporarily down to 200 Hm3, being the actual figure considered 300 
Hm3 mainly because of the “hydraulic disobedience” and inaccuracy on 
the withdrawal monitoring. Then, considering the actual system deficit 
the strict long-term sustainable use has not been achieved yet. 
These results go beyond those consulted references which rated the net 
available resources between 200 and 500 Hm3/year (Cruces de Abia, et 
al., 1997), but the key issue is the enormous inputs disparity over time. 
These are to be wisely and objectively managed using the Aquifer as the 
buffering system to deal with such irregular dynamics, only possible with 
collaboration of all stakeholders, to maintain equilibrium among land and 
water uses ensuring the long-term ecosystem sustainability. 

5.2. Impacts 
Before Green Revolution, the anthropogenic impacts to La Mancha 
environment were characterized by certain holm-oak woodland and 
marshland reclamation to implement self-subsistence farms which joined 
to hand-made hydraulic works, took advantage of the available water 
resources in harmony with the Aquifer sustainable dynamics.    
However, land reclamation rush starting in the 1960s was characterized 
by large colonization and vast channeling works without envisaging any 
negative impact, only improvement for this backward region, but in fact, 
settled the foundations for the later Aquifer overuse.  
Then, the different side-effects or impacts of the reclamation policies 
and later Agrarian Revolution are depicted (Fig. 39) and discussed below.  

 
Fig. 39. Agrarian revolution impacts. 
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5.2.1. Natural degradation 
The most obvious negative consequence has been the drastic depletion 
of natural resources, being the exponent the continuous Aquifer 
overdraft that also has derived to certain widespread groundwater quality 
problems. This groundwater reduction drives to a diminution of the 
auto-dilution potential, summed to the intensive use of fertilizers and 
inappropriate treatment of urban and industrial waste water has lead to 
an increase presence of nutrients which may derive to future water 
quality problems and drinking use restrictions. 
The marshland reclamation and the continuous disconnection between 
underground and surface water bodies for three decades have resulted in 
the practical extinction of 20.000 Ha of wetlands, floodplains and 
riparian ecosystems. An important part used to dry off seasonally but 
every winter were re-watered by runoffs or even the upwelling from the 
own Aquifer and nowadays, only up to 5.000 Ha are temporarily flooded 
during wet years. 
Particularly, a brief analysis on the flooded area of La Mancha iconic 
marshland, PNTD, is displayed (Fig. 40), showing a regular cyclical trend 
up to the 1980s as result of seasonal climatic conditions. Afterwards, it is 
broken when colonization works attacked its heart diminishing 
dangerously the flooded area till even desiccate it completely, the marked 
events are (Appendix II): 
1. June 1973: National Park declaration to preserve this area from 

drying up policies. In parallel, first channeling effects are noted. 
2. 1981: UNESCO declares “La Mancha Húmeda” Biosphere Reserve. 
3. 1985: First time that Los Ojos del Guadiana dried out. 
4. 1992-1996: Severe draught. 
5. 2007: UNESCO concedes three years to recover “La Mancha 

Húmeda” Biosphere Reserve. Afterwards, PEAG is passed. 
6. 2012 (Not shown): After the wettest period ever registered, the 

Aquifer phreatic level is the shallowest in three decades and even the 
Aquifer spillway releases a tiny but continuous flow. 

Effectively, PNTD internal dynamics merely depends on a shallow 
phreatic level to impede infiltration and a certain surface inputs to 
balance evapotranspiration. The pristine surface inputs were 250 
Hm3/year (López Sanz, 1998), coming from:  

 Cigüela River, brackish and discontinuous flow up to 120 Hm3/year. 

 Guadiana River, continuous fresh water up to 100 Hm3/year.  

 Azuer River and nearby creeks, irregular flow up to 30 Hm3/year. 

 Direct rainfall, 5-10 Hm3/year 

 
Fig. 40. Floodland evolution in PNTD (El Pais, 2009) and own elaboration. 
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Fig. 41. “Los Ojos del Guadiana”. Above pristine state (1970) and 
below, depletion (Greenpeace, 2013). 
However, during more than three decades after the Aquifer springs 
desiccation, these inputs have been mainly replaced by a pumping station 
unable to flood a significant area which rapidly percolate, abandoning the 
rest of this fragile area to Nature will. Thus, the PNTD and rest of 
marshlands have been only flooded during wet events, lasting few 
months due to ground and atmospheric losses, impeding a steady 
ecologic development.  
One of the most devastating consequences of continuous marshland 
dryness is the peat combustion through underground fires baking the 
parched and scorched earth. The absence of humidity for long time eases 
the earth shrinking and cracks opening that allows air flowing through 
the soil, then, organic matter oxidizes rapidly, increasing the temperature 
up to start to smolder patiently. This type of combustion is difficult to 
detect, control and can last decades, only can go out through continuous 
flooding (Fig. 42). Another effect is the land subsidence or collapse that 
is the sinking down of land resulting from excessive withdrawal from an 
Aquifer, which diminishes the presence of interstitial water and the 
pressure exerted within pores, provoking land collapses. This 
phenomenon was witnessed by the author in 1996 in Záncara River (Fig. 
6) and recently, over “Los Ojos del Guadiana” area. 
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Fig. 42. Guadiana River at “Molino Zuacorta” (2012), 11 km 
upstream PNTD (Official signal states: “Dangerous area, peat with 
high combustion risk”). 
Nonetheless, the most dangerous and silent enemy of La Mancha 
supported by the listed natural consequences, is desertification. 
According to UN Convention to Combat Desertification held in 1994, 
desertification is land degradation in arid, semi-arid and dry sub-humid 
areas caused by complex interactions among physical, biological, social, 
cultural and economic factors (UN, 2003), emphasizing the importance 
of the consequences of adverse human practices. In other words, it is a 
continuous loss of land biological richness that will derive in a desert. 
Then, La Mancha is a high vulnerable area due to its climatic conditions 
and the described human practices: irrigation expansion, channeling 
works, abandon of indigenous crops and forest eradication, which 
undoubtedly have catalyzed the desertification development.  
Simplifying, the unique salvation way to minimize the desertification 
progression is to manage properly the water resources, allowing the 
coexistence of wetlands and farms, restoring the pristine hydro 
morphology and woodlands and, growing native crops with low water 
consumption using environmental-friendly techniques. 

5.2.2. Economic growth and uncertainty 
The Agrarian development of irrigated land has been the foundation of 
the economic growth during decades but, La Mancha countryman has 
been guided by the self-indulgence to obtain the maximum benefit with 
no attention to the likely negative effect on the environment or heritage 
to coming generations.   
This matches to the well-known “Tragedy of the commons pattern” 
(Hardin, 1968) that described the situation of a public pasture with no 
use regulations. Then, each herdsman is motivated to add more cattle to 
the pasture because he obtains the benefits of his private animals but 
shares only a part of the costs, overgrazing the pasture and bringing a 
common ruin. 
Obviously, common wealth has been threaten during draughts periods as 
water availability for urban use has been jeopardized: some municipalities 
were forced to project new catchments on neighbor basins, and even the 
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mentioned “Tubería Manchega Project” aimed to transfer water from 
the also “intensively used” Upper Tajo River Basin. 
Agrarian activity has been seriously affected by depletion, as phreatic 
level dropped down, wells located in marginal areas or with limited depth 
dried-off, so only those “privileged-deep” wells were able to withdraw, 
limiting the use opportunities and increasing pumping costs. 
Therefore, the only path to ensure a long-term economic development in 
La Mancha is to manage wisely the sufficient internal natural resources at 
hand, through the vast underground reservoir to buffer the extreme 
dynamics irregularities, without depending on costly water transfer 
projects and external availability. 
Then, a simple informative analysis of the electrical pumping cost, 
without considering the implementation cost of the infrastructure, to 
provide 1 m3 of water at land is presented: 
Table 9. Different pumping cost for 1 m3.  

From Tajo River  From the Aquifer in 
bad state 

From the Aquifer in 
good state 

Pump head = 280 m 

Energy = 0.95 kWh/m3 

15 cEur/kWh 

Pump head = 60 m 

Energy=0.38 kWh/m3 

15 cEur/ kWh 

Pump head = 20 m 

Energy=0.13 kWh/m3 

15 cEur/ kWh 

0.14 Eur/m3 0.06 Eur/m3 0.02 Eur/m3 

The best solution to La Mancha in economic and efficiency terms is to 
rely on his own resources without depending on external decisions, 
managing the renewable resources fairly and commonly, maintaining a 
shallow phreatic level to obtain the cheapest withdrawal  cost (0.02 
Eur/m3) and besides, allowing a minimum natural flow through the 
system. 

5.2.3. Governmental policies and plans  
The article 45.2 of the Spanish Constitution states “Public authorities 
must watch over the rational use of all natural resources, with the aim to 
protect and enhance the livelihood wealth and defend and restore the 
environment, resting on the indispensable collective solidarity”. 
Therefore, all involved Administration: Water Authority, Local, Regional 
and National Governments are fully responsible for a wise, legal and 
fairy water uses through the implementation of effective regulations. 
Unfortunately, for the last four decades has been widely demonstrated 
the little agreement grade and concern on ensuring and implementing 
commonly these principles for the public wealth and general interest, 
with this regard deserves to quote “The Spanish Labyrinth”: “In Spain 
kings and governments legislate centuries pass, yet the fundamental 
problems remain unchanged” (Brenan, 1943). 
Firstly, the backbone of the problem is the excessive water contractual 
obligations “granted” by the CHG that can be only met during wet years 
or otherwise, squeezing the Aquifer. This comes from two points: the 
absence of any regulation on underground waters during the irrigation 
expansion (1970-1985) and then, the laxity and ambiguity on the 
redaction and enforcement of the 1985 Water Act which considered 
underground waters within the public domain, in contrast to the 
previous legislation frame. 
In addition, certain Court sentences on this issue have enforced the 
recognition of water private rights decades after the legal termination of 
the transition period (1985-1988), colliding with the efforts made by the 
CHG to reduce these perpetual privative water rights. The total water 
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rights (public or private) recognized are about 600 Hm3/year distributed 
into 200.000 Ha (150.000 effective and 50.000 as fallow land). 
Second, the rough monitoring on the agrarian withdrawal through 
indirect estimations provides an inadmissible uncertainty of such 
abstracted volume. The simple solution is to enforce the regulations 
stated in the order ARM/1312/2009. Again, currently only 8.000 out of 
40.000 wells over La Mancha are properly equipped. 
Third, PAC and PCR subsidies attracted the interest of every farmer to 
implement irrigation, simply because is going to obtain at least four times 
more subsidy than rainfed lands, provoking overdraft and soil erosion as 
the excessive cultivation techniques required for irrigation in soils with 
low organic matter (López Sanz, 2000).  
In resume, the different policies carried out in the region as a result of 
water resources depletion are judged as EU funds devourer with no 
ecological positive effects because the problem root has not been 
effectively attacked. The renewable resources of the system are limited 
and the CHG should be supported by Government and stakeholders to 
allocate and manage them accordingly. 

5.2.4. Social awareness 
The collective awareness on the water issue and protection of the 
ecological richness started in 1971, when the channeling works menaced 
the survival of the PNTD and awaked the first public denounces to halt 
these works.  
A couple of years after, in 1973, an article by Mr. Maroto condemning 
the pollution of Záncara River is published in a regional newspaper and, 
in 1977, the local ecologic association ADREDA is set up in Daimiel city 
constituted by few farmers and ecologists. Their actions were limited to 
singular and scarce denounces to the incipient water depletion with little 
effect, as the general trend carried out by the Administration was to just 
“let the irrigation expansion be”. 
In 1985, Water Act arrived late to our wrenched Aquifer 23, having been 
implemented more than 30.000 new wells to satisfy 120.000 Ha of high-
consuming crops by solid set sprinklers. Summed to a long severe 
drought, the outcome was that practically all surface waters dried up: La 
Mancha was about to become a desert. This was the spark to settle few 
local and regional ecological associations that started to publicly 
denounce the environmental degradation. 
Since then, international organizations have been conscious having 
released reports and denounces that in limited occasions have forced the 
administration to implement certain actions. However, the public 
awareness of the water problem has not widely root into general public 
and neither into the political elites. 
Finally, the most recent significant event is the compilation of thousands 
of signatures to support the enlargement of PNTD protection area few 
kilometers upstream Cigüela and Guadiana River till the pristine 
fountains area, currently an un-vegetated peat soil under combustion risk 
(Fig. 42.). However, the recent official enlargement of the park area does 
not comprise any of the proposed key areas which correspond to 
historical hydraulic public domain. 

5.3. Budgetary analysis 
The disproportionate private and public investment has not brought the 
expected common wealth and rational use of natural resources, as shown 
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a rough estimation since the Green Revolution of the total investment in 
the area related to water use, restoration projects and public subsidies. 
Table 10. Public and private investment in the area. 

Year Project/Policy MEur 

Public Sector 

1956 Peñarroya Dam and irrigation channels 20 

1966 Colonization Union-IRYDA works 60 

1987 
Law on Regeneration of Las Tablas de Daimiel 
(Puente Navarro Dam and maintenance wells) 

6 

1986-2013 Common Agricultural Policy 6.000 

1988 Pumping cost of 41 Hm3 from Tajo Basin 6 

1991 Pumping cost of 24 Hm3 from Tajo Basin 3 

1993-2007 Compensation Plan for Agrarian Incomes (PCR) 300 

1994 Hydraulic works from Tajo Segura Project 6 

1995 Pumping Cost of 50 Hm3 from Tajo River Basin 7 

2008-2011 Plan Especial Alto Guadiana (executed<20%) 1.000 

2009 Tajo-Guadiana Diversion Project 518 

Total Public Sector 7.926 

Private Sector 

1975-2013 
Irrigation Equipment, 40.000 wells with a rated cost of 
20.000 Eur/each 

800 

1975-2013 Energy consumption (15.000 Hm3 @ 0,04 Eur/m3) 600 

Total Private Sector 1.400 

Then, considering that the average yearly agrarian income is 
approximately 350 MEur for the period 1980-2013, the total monetary 
production amounts up to 12.000 MEur, being the public investment 
related to this sector 8.000 MEur, which corresponds to the 67% of the 
agrarian production showing a highly subsidized sector with little 
attention to ecological protection.  
Finally, is also important to highlight the private investment on irrigation 
equipment and energy consumption has summed up to 1.400 MEur, 
effort largely balanced thanks to the null water price and higher 
production (about four times) compared to rainfed agriculture. 

6. CONCLUSIONS 

After thoughtfully discussing the results, mismanagement and 
experienced impacts, this point shall propose a set of simple and feasible 
actions towards a sustainable use of the Aquifer 23, taking advantage of 
the highest Aquifer storage level in three decades. 

6.1. Management and Monitoring 
The first and most important point to ensure a sustainable use of any 
limited natural resource is a cohesive and willingly Administration with 
sufficient resources to enforce the fair allocation and effective 
monitoring of the available renewable resources. As it has been 
mentioned, CHG is responsible for this task but the complex legal and 
administrative framework and even the economic allocation, has not 
completely supported the effective monitoring mission of thousands of 
wells located over the Aquifer 23. 
Nevertheless, the remarkable effort since 1987 issuing the yearly 
Extractions Program has resulted in certain limitation of the volume 
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withdrawn from the Aquifer (roughly 300 Hm3/year), around a half of 
the real extractive and legal potential (>600 Hm3/year), and also, the 
different compilation efforts to elaborate the most realistic and updated 
wells database. 
However, this Program is just a temporary measure which, taking into 
consideration the recent groundwater level rise thanks to the 
extraordinary rainfalls, currently is being questioned and probably, may 
fade away because of economic and political pressures. 
With regard to monitoring tools, it is mandatory and urgent to complete 
the wells database compiling those parameters necessary to undertake an 
effective control: shaft diameter, depth, pump and flow-meter 
characteristics, etc., and above all, to install a certified flow-meter and 
piezometer in every well. Besides, it would be recommendable to 
upgrade the Rivers gauging-station net to obtain reliable and live data.  
Secondly, managing the limited available renewable resources should 
follow cost-benefit analysis in order to maximize the value output of the 
resource, focusing on the most profitable in economic, social, 
environmental and technological terms, among agricultural, ecological or 
industrial uses. Not as experienced, being the AWUA commanded by 
chief farmers with a short-minded and term objective: withdraw as much 
water to maximize their yield.  
Then, to manage effectively the available resources is imperative to 
implement an updated control centre responsible for the following main 
tasks:  

 Monitor the available renewable resources through main parameters 
(phreatic net, registered rainfall and gauging stations for those external 
surface inputs into the system) 

 Dynamically allocate a variable volume for each catchment/well every 
year, based on available renewable resources, type of crop and agrarian 
market conditions. The total agrarian allocation over the Aquifer can 
vary from 200 Hm3 up to 600 Hm3.  

 Direct monitor and enforce the compliance of the allocated volumes 
through telemetric flow-meter installed in every catchment. Penalties 
should apply to disobedient users with no mercy.  

 Manage the water concessions exchange among users with legal rights. 

 Manage the Aquifer to provide a minimum maintenance flooded areas 
and flows, only possible with shallow phreatic levels  

 Public information and participation shall be assured through an easily 
accessible website with complete and transparent data. 

The PEAG considered a similar monitoring system within the 
Hydrologic program, allocating the following funds: 

 Installation of 20.000 telemetric flow-meters. 90 MEur. (Yearly 
maintenance 2 MEur). 

 Control center: 30 MEur. 
Therefore, the budgets of these recommendations extended to the 
uncontrolled 30.000 wells and update the River gauging stations shall 
amount up to 160 MEur. Being a simple but effective essential action to 
monitor the Aquifer dynamics and control the withdrawal volume.  
Finally, the intrinsic complex dynamics of the Aquifer 23 demands a 
flexible and time-dependant integrative distribution of the available 



Pablo Doncel Fuentes  LWR-EX-2015:11 

 

56 

resources to provide an intensive use without endangering the long-term 
sustainability of the related ecosystems. 

6.2. Aquifer active volume 
The typical water reservoir is created artificially through damming a 
valley, providing a closed basin where the watercourse is controlled, 
storing water during high flows and discharging gradually the demanded 
volume for different purposes: urban supply, irrigation, hydroelectric, 
ecological, etc. The total capacity or storage volume of a typical reservoir 
can be distinguished into three (ICOLD, 1982): 

 Active Storage: The volume of the reservoir that is available for 
anthropogenic use, either for power generation, irrigation or other 
purposes, excluding flood surcharge. It is the reservoir capacity without 
dead storage. 

 Dead storage: The storage volume of a reservoir measured below the 
invert level of the lowest outlet. 

 Flood storage: The part used specifically for flood control. 
Nature granted La Mancha a huge underground reservoir which can be 
assimilated to a typical one but, the volumes distribution is certainly 
more complicated due to the geological uncertainty, but defining the 
natural “outlet” as “Los Ojos” largely simplifies this issue. Therefore, the 
key physical characteristics which must be considered are: 

 Aquifer spillway is “Los Ojos del Guadiana”, with an elevation 
between 605-625 masl over 15 km distance (from Molemocho 
watermill upwards N-420 crossing point). The phreatic elevation must 
be above 610 masl over this area to permit continuous upwelling, thus, 
progressively increasing the phreatic table elevation upstream with a 
certain hydraulic gradient to flow by gravity without any artificial mean. 

 Average phreatic gradient shall be 0.06% along the main Aquifer axis 
(E-W). 

 Minimum phreatic water level in Los Ojos area dropped down to 580 
masl in the 1990s during an extreme draught. 

Altogether supported on the available data, the different phreatic levels 
over time along the Aquifer main axis as well as the dead and active 
storage portions of the underground reservoir (Fig. 43): 

 The upper line (violet) represents the pristine condition of phreatic 
level when the ancient cascade weirs dammed ”Los Ojos” area, acting 
as parapet of the natural spillway supplying an important extra capacity. 
During the canalization works is known that a vast volume was drained 
for months, dropping to the below dark blue line in 1974. 

 The lowest line (red) represents the worst scenario suffered in 1995 
and can be considered as the maximum feasible usable portion of the 
system, some 4.000 Hm3, down this level underlies the lower Aquifer 
with negligible withdrawal potential. 

 At last, the light blue line shows the phreatic level achieved in 2012-
2013 when some surging points appeared upstream PNTD, over the 
lower reach of “Los Ojos” upwelling a tiny flow, not more than 0.5 
m3/s. But still is noticeable the depression down Cinco Casas and 
Llanos del Caudillo area, where the irrigation stress is noteworthy. 
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Fig. 43. Topographic profile and phreatic levels along Aquifer main axis. 

Therefore and under a different approach, we can define the active 
volume of the Aquifer as that one able to provide a continuous outflow 
from the Aquifer aimed to satisfy the ecological demands of PNTD, 
granting a minimum maintenance flow to Guadiana River from its real 
source. The operating extreme phreatic levels of this active volume 
would be: 

 Minimum: this recently and temporary registered after the wet period 
in 2012-2013, not less than 610 masl over “Los Ojos” area, able to 
flood the lowest reach and to supply a certain maintenance flow 
downstream to PNTD (Fig. 44). 

 Maximum: that pristine level with the ancient cascade weirs over “Los 
Ojos”, reaching a surface water level above 625 masl.  

This active volume will provide a minimum continuous ecological flow 
to the Guadiana River and downstream protected areas similarly to the 
historical records. 
Subsequently, the estimated “active” reservoir capacity can be minimally 
rated in 1.500 Hm3, only counting with that underground storage. This 
presumable “tight” active volume of 1.500 Hm3 is the portion that 
maximizes the resources for human demands respecting a minimum 
maintenance flow, and is completely sufficient to buffer the irregular and 
extreme climatic conditions and steady water needs. The largest Spanish 
reservoir, La Serena commissioned in 1990 also located in the lower 
Guadiana basin, has a total capacity of 3.200 Hm3. 
In this particular underground reservoir case, the flood control portion is 
not considered within the Aquifer body as it corresponds to the volume 
storage by the numerous surface marshland and flood lands, rated at the 
most in 250 Hm3, which an important portion will percolate 
progressively into the Aquifer or evaporate.  
Finally, it is clear that under La Mancha plain lies a gift with enough 
capacity to buffer the irregular climatic series providing a reliable source 
of water to sustain all the ecosystems. To maximize its potential active 
volume is necessary to rebuild the ancient weirs and watermills over "Los 
Ojos" area, look forward to the next wet period to naturally flood again 
these reclaimed areas to raise the maximum phreatic level. 
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Fig. 44. Guadiana River at “Molino Griñón”, 5km upstream PNTD 
(2012). 

6.3. Maintenance flow 
The sole solution to provide a long-term sustainability for Rivers, 
wetlands and ecosystems is to exploit the Aquifer within the mentioned 
active storage levels which is only possible with an effective monitoring, 
flexible allocation, willingness and solidarity among the users. 
Therefore, if this point is reached “Los Ojos” will operate naturally 
providing a minimum steady flow to Guadiana River of 0.5 m3/s (15 
Hm3/year), every stream will flow seasonally and marshlands will be 
connected to the underground water enjoying a favorable environment 
to develop the related ecosystems in a long-term basis. 
The most important player is the neighbor Aquifer 24, whose healthy 
state is determinant to provide a continuous inflow to our system. As 
described, a maximum underground flow of 60 Hm3 and up to 150 
Hm3/year through surface are injected into the Aquifer, so an effective 
management of the adjacent resources is also necessary to confer 
minimum maintenance flow continuity over the entire UGB.  
In this scenario, PNTD will receive the pristine steady fresh flow from 
the Guadiana River, Cigüela River will not lose its salty flow along the 
journey over the Aquifer 23 and will reach the Park enhancing and 
ensuring its global ecological state. 
However, a negative effect of this optimum situation will be to recover 
an important marshland area that will increase the evaporated volumes 
out of the system but, the most important point to take care of will be 
the mosquito plagues spreading, which were the main reasons to 
perform the channeling works. So, mosquito-predators species shall be 
inducted to marshlands to limit their expansion. 
In addition, important positive effects of this situation are cheaper 
withdrawal costs for agrarian sector and supply assurance, larger dilution 
potential due to higher storage and continuous outflow through the 
system and besides, the recovery of other productive sectors such as 
fisheries and eco-tourism will bring a crucial economic diversity. 
With regard to wastewater treatment plants effluent that contributes to 
streams, it is mandatory to undertake active actions to adjust the 
treatment levels to influent characteristics to provide an adequate treated 
and unpolluted urban return. Since 1990s, thanks to EU funds, new 
stations and enlargements have been carried out in those main cities, but 
in certain plants the performance is below expectations as the effluent is 
an authentic odorous sewer that floods marshy areas to later percolate. 
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Fig. 45. Guadiana River at PNTD entrance (2012). 
Finally, just quote one of the most passionate Scientifics on this topic 
who masterly summarizes the desired system dynamics: “the natural 
operation of the wetlands is the proof that demonstrates the economic 
efficiency and the social equity on the water uses” (López Sanz, 2000). 

6.4. Geomorphologic restoration 
The described channeling works had a silent side-effect: the 
abandonment of the rich hydraulic infrastructure heritage. Certainly, the 
disappearance of surface flows in streams has not helped to animate any 
private or public interest to restore this valuable infrastructure. 
According to the PEAG, over the UGB there are 800km of streams and 
50% of lagoons surface is occupied, legally or not, mainly by croplands 
which historically pertained to the Hydraulic Public Domain (Fig. 45). 
The demarcation program amounted up to 20 MEur aimed to re-reclaim 
to individuals 450 km of River beds from 2008 to 2021, with little 
information on its actual progress. 

 
Fig. 46. Los Ojos del Guadiana Upper reach pristine state, currently 
extinct (Jerez García & Sánchez López, 2014). 
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There are three high-priority areas that deserve special attention. First, 
“Los Ojos” floodland was possible thanks to the continuous outflow 
from the Aquifer core but also to the presence of several cascade ancient 
(Roman-Arabic) weirs damming this wide and  even valley creating 
shallow reservoirs with uncountable ecological richness and economic 
profitability (crayfish, fisheries, hand-crafted articles made of reeds, rice 
farms, etc). 
As inferred above, the restoration of these weirs will grant an additional 
storage “active” capacity of the Aquifer and, if the phreatic table is 
shallow enough, will expand the ecological wealth of Biosphere Reserve 
into the heart of the system and ensuring the long-term sustainability of 
the whole area. This is the main reason to include this area into the 
PNTD core protected area. 
The rest of River streams, especially Cigüela River, have been heavily 
human modified losing the hydraulic connectivity to the marshlands and 
the numerous ancient millraces provoking also the abandonment of the 
associated hydraulic infrastructure.  
The last priority point is the historic “Gran Prior Channel”, a probably 
Arab infrastructure 47 km-long that diverted flows from “Las Lagunas 
de Ruidera” to La Mancha core, which just few independent reaches 
remains.  
Therefore, restoration of these pristine waterways and the natural 
presence of water will surely awake the interest to rehabilitate this 
hydraulic infrastructure that will ease the creation of new economic 
opportunities as the incipient eco-tourism, preserving and protecting the 
rural areas.   
The oldest available cartographic references to guide these restoration 
projects are 1888 cartographic maps and aerial images dated from June 
1956 taken by the U.S. Army (Fig. 16. and Fig. 46.). This methodology 
has already been used in Spain to restore the Órbigo River original 
morphology and associated flooding areas in Duero River Basin 
(Carnero, 2010). 
Finally, La Mancha plain has been severely human-modified and the 
woodland reserves are scarce and reduced to disperse spots over the 
huge plain. Then, as forests are the most effective countermeasure 
against desertification is urgent to promote the replanting indigenous 
holm and cork oaks over the entire area as well as the typical grove of 
poplars along Riversides.  

6.5. Agrarian Conversion Plan 
Historically, the primary productive sector has been based on developing 
a model where the rainfed crops and livestock activities were strongly 
related. The traditional winter herbaceous crops with low water 
consumption, such as wheat and barley, are pretty well adapted to 
climatic conditions taking advantage of the winter soil humidity prior to 
the spring-summer evaporation. Stables and leftovers from harvesting 
were used by sheep-herds and subsequent manure naturally fertilized 
soils (López Sanz, 1998).  
In addition, woody species such as vineyard, olive and holm oak 
scattered the countryside, with minimum water requirements does not 
need any irrigation, just certain soil moisture coming from shallow 
phreatic level. These species are completely adapted to the climatic 
conditions, prevent desertification and provide profitable products.  
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Moreover, farms equipped with waterwheels were suitable to cultivate 
seasonal vegetables and fruits, presenting a traditional balanced 
framework that produced distributed wealth and support the entire living 
hood. Indeed, the traditional waterwheel is the symbol of the historical 
sustainable and fair use of the Aquifer, able to withdraw groundwater 
down to few meters depth and limited volumes. The CHG has an 
inventory of 10.000 units spread over the Aquifer 23 extent, being 
obviously abandoned due to deep water table (CHG, 2008).   
However, the uncontrolled Green Revolution broke this harmony 
introducing non-indigenous and high-water demanding crops (corn, 
sugar beet, alfalfa, etc) that were cultivated extensively as a result of 
implementing a short-minded and cost-benefit approach, with certain 
profitability in the short term but with disastrous and probably 
unrecoverable side effects that are widely suffered by the entire 
environment and coming generations. 
Now, it is time to shift this unsustainable agrarian sector into an efficient 
water-consuming industry that maximizes the output productivity either 
in economic and social terms, respecting the biodiversity and ecologic 
richness. 

6.5.1. Virtual Water Analysis  
The virtual water concept is that volume used in the production of a 
commodity, good or service, provides an appropriate framework to find 
potential solutions and contribute to a better management of water 
resources, particularly in arid or semi-arid areas (Aldaya & Llamas, 2008). 
The virtual water analysis establishes the volume of water required by 
specific crops under different climates, determining whether the water 
proceeds: green is the rainwater stored in the soil as soil moisture; blue 
water refers to surface and ground waters (Chapagain & Hoekstra, 2004). 
The UGB case was analyzed within the Ne-water Project, funded by EU 
Commission, in order to achieve a more efficient allocation of water 
resources, particularly in La Mancha region, comprising an area of 
470.000 Ha in which 390,000 Ha are dedicated to agriculture (83%), 
being 150.000 Ha irrigated through sprinkler and drip systems. 
This project presents an estimation of the green and blue water needs in 
the entire UGB, being the average internal water footprint by sectors:  
Table 11. Internal Water Footprint in the UGB. 

Sector Agricultural Livestock Urban Industrial Total 

Green Water 
(Hm3/year) 

1286       1286 

Blue Water 
(Hm3/year) 

928 5 55 12 1000 

Total (Hm3/year) 2214 5 55 12 2286 

Gross Value Added 
(MEur) 

599 131 54 929 1714 

Water economic 
productivity 
(Eur/m3) 

0.65 25.05 0.99 77.04 1.71 

The main green and blue water consumptive sector is agriculture, 
producing a Gross Value Added of 600 MEur (entire UGB), employing 
27.000 workers and amounting about 95% of total water consumption, 
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but, urban and industry economic productivity are much higher than 
agriculture does.  
In addition, the Ne-water project goes deep and analyzes the economic 
value and productivity in the UGB by type of crop. The economic value 
of irrigated lands is up to four times more than rainfed, but observing 
the economic productivity results, these largely support to stop irrigating 
those crops with a Water Economic Productivity below 0.5 Eur/m3, 
especially cereals, legumes and industrial crops (sunflower). Instead of 
wasting water in these subsidized cereals that usually are not even 
yielded, as market price is lower than harvesting cost, it would be 
advisable to use this volume into more profitable and “social” vegetables 
like melon, pepper, garlic or onions, apart from vineyards with fair 
allocations. 
Table 12. Economic value and water productivity in UGB. 

Crop 

Economic value Prod. 

(Irrig.) Eur/Ha Eur/Ha 
Eur/ton 

Total Meur 

Rainfed Irrig. Rainfed Irrigated Eur/m3 

Grain 
Cereals 

549 1017 134 263 99 0,3 

Grain 
legumes 

46 197 176 3 2 0,1 

Potatoes 2508 5035 207 1 4 0,8 

Sunflower 410 256 4 0,1 

Melon 2092 7144 258 1 95 1,4 

Olive tree 865 1172 498 116 15 0,5 

Vineyard 1823 5479 455 363 722 1,9 

Total 560 3271 748 943 1 

According to PEAG, if a minimum water price of 0.02 Eur/m3 is 
assigned to the withdrawal volume, automatically at least 20.000 Ha of 
irrigated cereals will shift into rainfed, saving at least 40 Hm3/year with 
the current limitations of the Extractions program.  
Finally, just mention that the productivity rates are far beyond to those 
obtained in the Lower Guadiana Basin or Mediterranean areas, where 
vegetables are grown in greenhouses with an economic productivity 
greater than 10 Eur/m3. 

6.5.2. Conversion Plan  
Agriculture is a complex science and the economic foundation of a 
society, so it should be managed wisely from a broaden standpoint taking 
into consideration the particular physical characteristic of the area and 
also the agrarian market trends and opportunities. The challenge is to 
shift out of this agricultural model, where the social system is thriving at 
the expense of the ecological system, towards a more balanced which 
aims to allocate water more equitably between all users to including the 
Biosphere Reserve needs (López-Gunn, et al., 2013). 
Therefore, is obvious that returning back to the traditional agriculture 
supported on natural resources has little expectative within the current 
agrarian capitalist sector and would need vast public financial support, 
but similarly to “Agrarian Revolution” did. Then, every stakeholder is 
encouraged to sponsor and support a long-term sustainable and high-
quality primary economic sector in harmony with the ecologic richness 
of the region, based on the following plans: 
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 Irrigation equipment modernization into efficient and water-saving 
systems. 

 Promotion of “social” and woody crops, basically vineyards, olive trees 
and horticultural with high man force demand, following ecological 
cultivation methods reducing the fertilizers use. 

 According to the PEAG, the most profitable crops without any public 
subside are vegetables like garlic, melon, onion, pepper and also 
vineyard, so the water allocation shall be pointed to satisfy marked 
needs maximizing the output value of the water.  

 EU subsidies to be directed to water-saving crops with social benefits. 

 Discouraging and even penalizing any extensive high water-demanding 
crops, like corn, sugar beet or alfalfa, to be replaced by rainfed crops 
like wheat or barley. 

 Agro-environmental education to all stakeholders, principally farmers, 
to ensure the ecological know-how transfer and implementation. 

 Ambitious reforestation with indigenous species aimed to halt 
desertification, but especially those potentially floodland not fully 
suitable for farming (salty soils) to recover the pristine panorama. 

All these actions were included in the PEAG with the objective to 
withdraw a maximum yearly volume of 200 Hm3/year till recovering 
shallow phreatic level. Then, the extension and minimum allocation 
proposal for the current total irrigated land is: 
Table 13. Minimum agrarian allocation distribution. 

Type of crop Surface (Ha) (m3/Ha/year) (Hm3/year) 

Horticultural 25.000 3.000 75 

Woody (olive, vineyard) 100.000 1.000 100 

Herbaceous (to rainfed) 35.000 0 0 

Fallow land 15.000 0 0 

Forest restoration 25.000 1.000 25 

Total 200.000  200 

The above table represents the minimum allocation for the agrarian 
sector till the pristine phreatic levels would have been reached, but in the 
future, as the inputs to the system are variable over time, the agrarian 
allocation must be that to maximize the water value respecting the 
environmental protection. Thus, the maximum yearly agrarian use, 
coinciding to the maximum water rights conceded 600 Hm3, could be: 
Table 14. Maximum agrarian allocation distribution. 

Type of crop Surface (Ha) (m3/Ha/year) (Hm3/year) 

Horticultural 40.000 5.000 200 

Woody (olive, vineyard) 100.000 2.500 250 

Herbaceous 35.000 3.000 100 

Fallow land 0 0 0 

Forest restoration 25.000 2.000 50 

Total 200.000  600 

Finally, if the mentioned utopian case of “Los Ojos” continuous 
upwelling occurs again, a modest fishery sector will also resuscitate in the 
heart of La Mancha. 

6.6. Ecotourism 
During decades visiting the numerous protected areas over La Mancha 
was a discouraging and unexplainable experience, frankly hard to believe, 
were the total absence of water was the keynote and only through 
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artificial means a tiny “puddle” was maintained in PNTD or water 
flowed along the Cigüela only thanks to Tajo Basin transfers. 
Summing general inattention and carelessness to the environment 
protection and conservation has resulted in a complete forgetfulness of 
the ecological values, being frequent to find some uncontrolled 
“landfills” on River and lagoon beds, apart from using marshlands and 
floodplains as malodorous sewers of the supposedly “treated” urban 
wastewater.  
Obviously, this panorama has not helped to sponsor the eco-tourism 
sector in the region but the recent wet period has awaked the interest of 
visitors in these forgotten areas so the opportunity is just there and it 
should not be wasted. Therefore, this sector shall be promoted to attract 
visitors as there are many remarkable tourist attractions in La Mancha: 

 Quixote route, resembling the adventures of the book character “Don 
Quijote de La Mancha” through 2.500 km over CLM region. 

 Private hunting reserves, where shootings are held by all social classes.  

 Biosphere Reserve, “Las Lagunas de Ruidera” Nature Part and PNTD 
ecotourism. 

 Wine sector, although vineyards have been implemented even before 
the Roman age, the required facilities to attract visitors are not widely 
developed yet, on the contrary that the case of Napa Valley in 
California, with an extension of 20.000 Ha, attracts 3.5 Million visitors 
per year, summing a total yearly economic production of 30.000 MEur 
(Napa Valley Vintners, 2008).  

The cited re-forestation plan and hydraulic infrastructure heritage 
rehabilitation will undoubtedly enhance the interest to tour on La 
Mancha plain, and in parallel, if the water comes back to the Rivers and 
marshlands, an important part of the sixty million of visitors that yearly 
come to Spain will spree over La Mancha. 
In conclusion, water allocation should also consider other profitable 
economic sectors able to produce a gross income several times more 
than the agrarian, but are evidently fully dependant on the surface water 
availability and water system management. 

6.7. Great water agreement  
Logically, the actions presented in this paper can only be developed if all 
the stakeholders agree that the best solution for the historical water 
problem in La Mancha is to fairly share the sufficient internal natural 
resources looking for the most profitable use in economic, social and 
ecological terms.  
This great agreement was somehow reached in 2008 with the PEAG 
pass, but the tremendous endowed budget of this plan was hard to 
accomplish due to the economic crisis and government change, leading 
to a fulminating disposal of the plan. 
In the meantime, the unique usable weapon of the CHG to defend the 
common interest in La Mancha is to continue enforcing the Exploitation 
Regime as this water body is and will be always under overexploitation 
risk, as the average renewable resource is 300 Hm3/year and the 
potential extractive potential doubles this figure.  
The compliance of this temporary program entirely depends on the good 
willing and solidarity of AWUAs, particularly those landholdings with the 
largest water concessions, whom shall decide to transfer their private 
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permits into public concessions, similarly to the rest of water users 
(hydropower, navigation, surface irrigation, etc) for the sake of public 
interest. 
On the contrary, as solidarity has been conspicuous by its absence during 
decades of overdraft, Government has the power to implement the 
existing regulations unilaterally and impose the sanctioning framework, 
similarly to the habitual traffic fines which apply to any driver without 
distinction. It is only a matter of political willingness and modernity, 
forgetting the old-fashion local ruler’s influences and practices. 
Finally, water diversion projects from squeezed adjacent River basins are 
not the definitive solution of the water problem. La Mancha has been 
demonstrated to have enough own renewable resources and buffer 
system to satisfy “logical” water needs, but not those officially allocated 
under private interest pressures. 

6.8. Future Development 
The above proposed actions aim to ensure a sustainable long-term use of 
the natural resources in harmony with the ecosystems. However, 
analyzing the historical records and stakeholders willing to face and solve 
the water problem in La Mancha, it is expected that the mentioned 
utopian point can be hardly achieved in the coming years. 
Therefore, this chapter envisages the likely performance of the system 
depending on the grade of actions taken, focusing on the validity of the 
Extraction regime and withdrawal volumes monitoring, being the 
different scenarios:  

 Scenario -1. As the Aquifer level has been partially restored with the 
recent influence of the wettest period ever, the Exploitation Regime is 
cancelled as result of political pressures. Then, the agrarian sector 
comes again to the gold rush of the 1980s, squeezing again all resources 
and lowering dozens of meters the phreatic table and bringing back the 
total degradation of ecosystems. 

 Scenario 0. The Exploitation regime continues valid as the Aquifer will 
be always under overexploitation risk, being the current withdrawal 
rates steady over time. However, the probable incoming dry years will 
yield scarce inputs to the system, much lower than the 350 Hm3/year 
currently withdrawal for human uses, resulting in a slow and 
continuous depletion of resources, dropping the phreatic table down 
the minimum active storage level and disconnecting surface and 
underground water bodies. Only the next distant wet period may 
provide extraordinary inputs raising the phreatic level above the lower 
limit of the active volume of the Aquifer, as recently happened.  

 Scenario 1. Significant action is taken against illegal catchments and 
certified flow-meters are installed in most of the wells, allocating 250 
Hm3/year with minor hydraulic disobedience, resulting in a total 
extracted volume less than 300 Hm3/year. Then, considering the 
incoming dry period, the water table will come down below the lower 
limit of the active Aquifer volume, fluctuating around this limit and 
causing irregular upwelling intervals from the Aquifer. The sustainable 
use of the Aquifer will be fragile and partially achieved. 

 Scenario 2. Full implementation of flow-meters in every catchment, 
enhancing the phreatic level monitoring and gauging stations for 
rainfall and streams; creation of an effective management control 
centre capable to dynamically allocate yearly available volumes 
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according to system dynamics, only feasible through the 
implementation of severe and conclusive legal framework focused on 
an equity water use. These actions will lead to ensure a phreatic level 
fluctuating within the proposed active volume limit, providing a 
continuous upwelling through “Los Ojos del Guadiana” and 
connection between surface and underground waters that will preserve 
the Biosphere Reserve ecosystems. 

6.9. Further Research 
Although the selected topic has been widely analyzed and researched 
from long ago under different standpoints and investigation fields, the 
complexness and extent of the study case drives to many uncertainties 
deserving further analysis. 
First, is to downscale the future climatic change trends over the area to 
estimate the coming renewable resources to the system. Summed to an 
accurate and updated system’s parameters metering, especially rainfall, 
streams gauging stations and catchment flow-meters, will enhance the 
data quality and system dynamics accuracy. 
In addition, the uncertainty of the evaporated water volumes from the 
marshlands deserves further revision, as well as the humidity loss of the 
soil under shallow water level conditions. These outputs of the systems 
are also critical to define the optimum budget.  
With regard to the agrarian sector, studies of the market impact of the 
different levels of production of traditional crops, apart from the 
introduction of new low-water demanding crops will be useful to 
integrate this impact within the decision support system. 
Finally, the scars of the channeling works performed in River and 
Lagoon beds should definitively be healed up through a conscious study 
of the pristine morphology, considering the restoration of the historic 
watermills and weirs to enhance the potential Aquifer storage and 
regulation capacity.  
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APPENDIX I -  QUANTITATIVE BALANCE DATA  

Input 4 by Rivers. 

Input 1. Azuer 2. Old 
Guadiana 

3. Córcoles 4. Záncara 5. Cigüela Total 

year Hm3 Hm3 Hm3 Hm3 Hm3 Hm3 

1.970 36 27 9 35 85 192 

1.971 43 42 7 127 95 313 

1.972 11 23 4 77 69 184 

1.973 15 13 2 130 85 245 

1.974 9 17 7 67 36 136 

1.975 6 6 3 44 25 84 

1.976 50 24 10 17 3 103 

1.977 38 30 15 36 70 189 

1.978 42 26 3 103 154 327 

1.979 13 21 2 101 133 269 

1.980 8 7 0 71 71 157 

1.981 7 6 0 2 9 24 

1.982 7 7 0 1 0 16 

1.983 11 9 0 0 3 23 

1.984 10 14 1 0 0 25 

1.985 19 16 2 0 11 47 

1.986 10 11 2 0 7 29 

1.987 6 5 1 0 7 19 

1.988 6 6 1 5 24 41 

1.989 3 6 0 1 33 43 

1.990 2 5 1 1 33 41 

1.991 2 3 0 0 24 30 

1.992 3 3 1 1 10 19 

1.993 2 3 1 1 8 15 

1.994 1 2 1 0 10 14 

1.995 2 2 1 0 5 10 

1.996 4 52 11 0 39 106 

1.997 14 30 9 38 82 173 

1.998 3 3 3 3 6 19 

1.999 2 5 2 0 11 20 

2.000 2 6 1 0 18 27 

2.001 3 6 2 0 7 18 

2.002 4 7 1 0 14 26 

2.003 7 23 3 4 35 72 

2.004 3 24 2 6 43 78 

2.005 2 19 1 2 11 34 

2.006 2 15 0 1 0 18 

2.007 2 4 0 1 4 12 

2.008 2 4 1 1 2 9 

2.009 23 52 13 24 20 131 

2.010 39 142 13 45 64 303 

2.011 21 175 5 28 44 272 

2.012 11 108 4 6 14 143 

TOTAL 470 726 136 945 1365 3.642

MAX 50 175 15 130 154 327 

MIN 1 2 0 0 0 9 

AVE 12 23 3 23 33 94 
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II 

Yearly inputs. 

 1. Infiltration 2. Aq. 24 3. Aq. 19 4. Rivers 5. Returns Total 

year Hm3 Hm3 Hm3 Hm3 Hm3 Hm3 

1.970 727 51 3 192 14 987 

1.971 424 44 3 313 14 797 

1.972 188 39 3 184 14 427 

1.973 491 46 3 245 14 799 

1.974 390 43 3 136 14 586 

1.975 137 37 2 84 14 275 

1.976 727 51 3 103 14 899 

1.977 760 52 3 189 14 1.019 

1.978 659 50 3 327 14 1.054 

1.979 491 46 3 269 14 823 

1.980 53 35 2 157 14 262 

1.981 221 39 3 24 14 302 

1.982 53 35 2 16 14 121 

1.983 474 45 3 23 14 560 

1.984 221 39 3 25 14 303 

1.985 390 43 3 47 15 498 

1.986 221 39 3 29 15 307 

1.987 659 50 3 19 15 746 

1.988 491 46 3 41 15 595 

1.989 322 42 3 43 15 425 

1.990 137 37 2 41 15 233 

1.991 289 41 3 30 15 377 

1.992 87 36 2 19 15 159 

1.993 0 31 2 15 15 63 

1.994 0 27 2 14 15 59 

1.995 659 50 3 10 15 738 

1.996 828 54 3 106 15 1.006 

1.997 642 49 3 173 15 883 

1.998 0 31 2 19 15 67 

1.999 188 39 3 20 15 264 

2.000 322 42 3 27 15 409 

2.001 289 41 3 18 15 365 

2.002 306 41 3 26 15 391 

2.003 693 51 3 72 15 834 

2.004 0 25 2 78 16 121 

2.005 188 39 3 34 16 279 

2.006 154 38 2 18 16 228 

2.007 53 35 2 12 16 118 

2.008 188 39 3 9 16 254 

2.009 693 51 3 131 16 893 

2.010 1.047 59 4 303 16 1.428 

2.011 457 45 3 272 16 793 

2.012 727 51 3 143 16 940 

TOTAL 14.861 1.827 111 3.642 607 20.952 

MAX 1.047 59 4 327 16 1.428 

MIN 0 25 2 9 14 59 

AVE 373 42 3 94 15 528 
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Yearly outputs. 

 1. Discharge 2. Evap. 3. Agrarian 4. Urban  5. Lateral  Total 

year Hm3 Hm3 Hm3 Hm3 Hm3 Hm3 

1.970 696 180 96 25 0 997 

1.971 545 120 116 25 0 805 

1.972 188 84 135 25 0 431 

1.973 597 48 137 25 0 807 

1.974 349 60 160 25 0 593 

1.975 0 96 176 25 0 297 

1.976 585 96 215 25 0 921 

1.977 675 72 277 25 0 1.049 

1.978 588 96 351 25 0 1.060 

1.979 465 84 346 25 0 920 

1.980 86 84 400 26 0 596 

1.981 58 60 420 26 0 563 

1.982 46 36 425 26 0 533 

1.983 24 24 486 26 2 562 

1.984 13 19 527 26 2 586 

1.985 5 32 549 26 2 615 

1.986 2 19 631 26 3 682 

1.987 1 36 653 26 6 722 

1.988 0 18 646 26 6 697 

1.989 13 27 572 26 5 644 

1.990 2 12 596 27 6 642 

1.991 8 24 469 27 6 533 

1.992 0 8 420 27 7 463 

1.993 0 1 362 27 7 397 

1.994 0 1 364 27 9 401 

1.995 0 2 365 27 10 405 

1.996 7 24 361 27 10 430 

1.997 15 52 358 27 7 460 

1.998 1 12 366 27 7 413 

1.999 0 6 372 28 6 412 

2.000 0 12 349 28 5 393 

2.001 1 14 357 28 5 405 

2.002 2 18 348 28 7 402 

2.003 2 36 342 28 6 414 

2.004 1 6 340 28 7 381 

2.005 0 2 338 28 7 375 

2.006 0 2 341 28 7 379 

2.007 0 5 333 28 7 374 

2.008 0 16 333 28 7 384 

2.009 0 56 323 29 7 415 

2.010 25 60 316 29 6 435 

2.011 12 38 318 29 2 399 

2.012 5 60 319 29 2 415 

TOTAL 5.000 1.664 15.070 1.090 170 22.994 

MAX 696 180 653 29 10 1.060 

MIN 0 1 96 25 0 297 

AVE 117 41 365 27 4 554 
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System budget evolution. 

 Inputs Outputs Yearly variation Storage 

year Hm3 Hm3 Hm3 Hm3 

1.970 987 997 -10 -10 

1.971 797 805 -8 -17 

1.972 427 431 -5 -22 

1.973 799 807 -8 -30 

1.974 586 593 -7 -37 

1.975 275 297 -23 -60 

1.976 899 921 -23 -83 

1.977 1.019 1.049 -30 -113 

1.978 1.054 1.060 -6 -119 

1.979 823 920 -97 -216 

1.980 262 596 -334 -551 

1.981 302 563 -262 -812 

1.982 121 533 -412 -1.224 

1.983 560 562 -2 -1.227 

1.984 303 586 -284 -1.510 

1.985 498 615 -117 -1.628 

1.986 307 682 -374 -2.002 

1.987 746 722 24 -1.978 

1.988 595 697 -102 -2.080 

1.989 425 644 -219 -2.299 

1.990 233 642 -408 -2.707 

1.991 377 533 -156 -2.863 

1.992 159 463 -304 -3.167 

1.993 63 397 -333 -3.501 

1.994 59 401 -342 -3.843 

1.995 738 405 333 -3.510 

1.996 1.006 430 576 -2.934 

1.997 883 460 423 -2.510 

1.998 67 413 -346 -2.856 

1.999 264 412 -148 -3.004 

2.000 409 393 15 -2.989 

2.001 365 405 -40 -3.028 

2.002 391 402 -10 -3.038 

2.003 834 414 419 -2.619 

2.004 121 381 -260 -2.879 

2.005 279 375 -96 -2.975 

2.006 228 379 -152 -3.126 

2.007 118 374 -256 -3.382 

2.008 254 384 -131 -3.513 

2.009 893 415 479 -3.034 

2.010 1.428 435 993 -2.041 

2.011 793 399 394 -1.648 

2.012 940 415 525 -1.123 

TOTAL 20.952 22.994 -2.041   

MAX 1.428 1.060 993   

MIN 59 297 -412   

AVE 528 554 -26   
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APPENDIX II - EVENTS CHRONOLOGY 

Jorge Santanaya affirmed ”who does not remember history is bound to 
live through it again”, so this section tries to provide a clear vision of the 
problem complexity summarizing historical and recent references of 
events and news related to the use, protection, sustainability and also 
degradation of Aquifer 23 area. 
The first known reference of “Las Tablas de Daimiel” is “The hunting 
Book” written by the Infant D. Juan Manuel, circa 1325, describing the 
Park as a proper area to hunt a wide diversity of species.  
Two centuries later, in 1575, King Felipe II was amazed by the ecologic 
richness of the area ordering to protect it conveniently (Red de Parques 
Nacionales, n.d.).  
A clear reference to the particular hydrologic characteristics is described 
in one of the most famous books worldwide, “Don Quijote de La 
Mancha”: “…in the province of La Mancha...Guadiana your squire, 
likewise bewailing your fate, was changed into a River of his own name, 
but when he came to the surface and beheld the sun of another heaven, 
so great was his grief at finding he was leaving you, that he plunged into 
the bowels of the earth…” (Cervantes Saavedra, 1547-1616). 
Moreover, the “Topographical Statements of King Felipe II” (16th 
century) refers to the existence of a channel fed by a weir located not far 
downstream the actual location of Peñarroya Dam. This weir diverted 
most of the flow coming from “Las Lagunas de Ruidera” into an 
human-made channel, known as “Canal del Gran Prior”, to run the 
numerous gunpowder workshops and watermills located in the stream 
down to Alcázar de San Juan, owned by the “Order of San Juan”. The 
remaining flow, only significant during wet periods, flowed through the 
currently denominated "Old Guadiana River", also known as “Malecón 
de Santiago” proving its anthropogenic origin, could be used by adjacent 
farmers (Marín Magaz, et al., 2008).  
The first flooding events on the area were recorded, in 1708 and 1751, 
extreme flows on the Cigüela and Guadiana River floods and damage all 
the Riverside watermills causing a tremendous increase on bread prices. 
Then, King Fernando VI ordered to a military engineer to study these 
events (Serna Martín & Gaviria, 1995). By that time a great malaria 
epidemic overwhelmed the region, supposedly caused by the large 
extension of insalubrious shallow waters after this extraordinary event.  
Consequently, Ensenada Marquis ordered by 1751 to undertake the 
necessary works to enhance the floodplains drainage: removing the 
undergrowth and weed but also deepening Riverbeds reaches and new 
drainages. The action was to eliminate “Molino” and “Parrilla” 
watermills and associated weirs to drain Guadiana River to reduce the 
upstream floodplains over “Los Ojos” area (Mejías Moreno, 2014). 
Within the Gran Prior channel, industrial uses prevailed over agrarian 
but, by the middle of 18th century, numerous disputes among farmers 
and the Religious Order forced the Illustrate administration to project 
the first Irrigation plan for La Mancha area, by Juan de Villanueva 
ordered by King Carlos III. It consisted of a complete rehabilitation and 
enlargement of the existing channel to convey sufficient flow into the 
heart of La Mancha to keep running the existing hydraulic machinery 
and to irrigate vast virgin uncultivated lands. However, as many 
Illustrated Plans, this project faded resulting in a partial rehabilitation and 
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some new irrigation land was established together with a novel water use 
regulatory code (Marín Magaz, et al., 2008).  
After 1835 Mendizábal's disentailment, in which many ecclesiastical 
properties were nationalized and auctioned to individuals, the “Gran 
Prior” waterway and watermills were sold independently leading to 
frequent struggles due to inequity water use. This situation was not 
properly managed, as a sign of that chaotic and biased administration, 
summed to the irregular water availability and those new demands for 
irrigation consolidated the water problem long time ago. 
Moreover, royalty and nobility started to use frequently of “Las Tablas 
de Daimiel” area for leisure hunting games, corresponding to the 
“Sociedad de Cazadores” pioneering the first hunting events, banning 
and displacing the self-subsistence local practices. 
In 1879 the Water Act passed, following the philosophy of 1866 Act, 
highlighting that the underground waters are not under the protection of 
the hydraulic public domain so its use is inherent to the land property.  
Different policies aimed to drying up marshlands to better agrarian use 
are also considered (López Sanz, 1998). 
Moreover, the most remarkable recent events related to water issues and 
ecology in La Mancha are listed below: 
1907: Perdigueras water well commissioning by a community private 
company to supply Alcázar de San Juan urban needs, being the pioneer 
large water infrastructure project in the area (Aguas de Alcázar, 2003).  
1918: Cambó Law, basically boosting marshland drying up works 
through subsidizing those societies interested to drain more than 100 Ha, 
apart from granting the private property of the land reclaimed as well as 
the inherent water rights.   
1936-1939: Civil War. Hunting events are suspended in “Las Tablas” and 
locals start again to move freely. This marshland is known to be dark and 
dangerous where only outlaws and bandits wander. 
1956: Law on Drainage of the Guadiana, Záncara and Cigüela River 
banks, considered the spark that initiates the vast drainage.  
1962: The International Union for Conservation of Nature awards “Las 
Tablas” as a preferential wetland within the European continent project 
MAR, rating it as “A” (Basanta, n.d.). 
1966: Foundation of the Colonization Syndicated Group (ref 6.817), 
formed by powerful squires leaded by the Perinat Marquis, Spanish 
ambassador in London. The object was to drain up to 28.000 Ha 
floodlands alongside Cigüela and Guadiana Rivers, especially over “Las 
Tablas” and “Los Ojos” areas, through acquisition of all the existing 
watermills and weirs to excavate drainage channels. At the end, the 
drained and reclaimed area amounted up to 8.000 Ha but most was 
abandoned due to the high salinity soils and low productivity. 
1966: Proclamation of National Hunting Reserve for “Las Tablas de 
Daimiel”, admitting the necessity to initiate a protection and 
conservation program. The controversy between ecologic protection and 
agrarian promotion starts. 
1971: Drainage works along Guadiana River in the heart of “Las Tablas” 
area are executed, resulting in a complete temporary desiccation. 
Attending popular clamor, works were paralyzed but continued few 
kilometers downstream (RTVE, 1971). 
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1973: National Park Declaration to “Las Tablas de Daimiel”, presumably 
to prevent the complete drainage of the area. An aquatic poultry Integral 
Reserve is also created in the Park. 
1973, July: a public conference is held in Ciudad Real by the 
Government to promote irrigation implementation over Aquifer 23, 
considered as a vast reservoir with endless resources (Velasco Lizcano, 
2010). 
1979: First technical assessment by IGME (edited in 1975) stating the 
new irrigated land can only increase up to 20.000 Ha not to overdraft the 
resources. Denounces that the withdrawal rate is completely 
unsustainable which may lead to important water level drop, eliminating 
interaction between surface and ground waters and causing the abandon 
of traditional hydraulic facilities (ITGE, 1979). The problem was timely 
detected by scientific community but no duly action was taken. 
1980: Reclassification of PNTD, increasing the area protected up to 2000 
Ha, certain water uses monitoring on the Park influence area starts. 
1981: Inclusion of “La Mancha Húmeda” in the Program Man and 
Biosphere of UNESCO, embracing more than 25.000 Ha in 50 wetlands 
of different origin: fluvial, endorreic and karstic.  
1982: The Ramsar Convention recognizes “Las Tablas de Daimiel” as a 
wetland of International Importance. 
1984: First sign of depletion after few years of severe drought, “Los Ojos 
del Guadiana” dried up (Cruz, 1984) and definitively in 1987. 
1985: Water Act passing: groundwater is declared public domain. 
1985: The Man and Biosphere (MaB) Spanish Committee proposes to 
cancel the Reserve title to “La Mancha Húmeda” due to the extreme 
degradation condition (Velasco Lizcano, 2013).  
1986: Deliberated fires devastate 700 Ha over PNTD during this 
drought period, and spark the soil peat combustion damaging one third 
of the Park area (Peral, 1986). 
1986: A viability plan for PNTD is presented during the VII seminar of 
National Parks. It recognizes the hydraulic connectivity between the 
Aquifer 23 and the Park, being mandatory to recover the pristine 
phreatic level to ensure its long-term survival. In the meantime, 
transitory counteractions are proposed such as pumping 10 Hm3/year 
from the Aquifer onto the Park to grant a minimum flooded land 
(ElPais, 1986). 
1986: The drainage channels executed are blocked, but the pristine 
hydrographic morphology and ecosystem cannot be fully restored only 
with machinery and earth works.  
1987: Provisional overexploitation declaration, limiting the existing water 
use licenses and also, theoretical full prohibition on creation of new wells 
(BOP Ciudad Real, 1987). Again a deliberated fire in the same place as 
one year before takes place in PNTD.  
1987: Law on Regeneration of PNTD, including a combination of weirs, 
adjacent wells and a diversion project from the “Tajo-Segura diversion 
Project” to the Park. 
1987: Commissioning of Puente Navarro Dam, over PNTD downstream 
border, with a theoretical environmental objective to maintain a steady 
water level in the Park. 
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1988: Flow from the diversion project reaches the PNTD and the 
adjacent wells start to pump water with limited effects as most percolate. 
Afterwards, Nature grants generous rainfalls, after 5-year drought, 
flooding practically the 2000 Ha of wetlands and also halts completely 
the peak combustion (Murcia, 1988). 
1988: PNTD is also qualified as ZEPA and LIC areas of the RED 
NATURA 2000. 
1988: On the last day of the legal period to inscribe the existing private 
water rights into the Water Catalog, the CHG received more than 12.000 
dossiers collapsing administrative services for years (Diaz Mora, 2002). 
1990: A Court Sentence declares “Los Ojos del Guadiana” inexistent as 
there has not been water flowing for years allowing the industrial peat 
extraction (Pallares, 1990).  
1990: PNTD emergency state: 70 Ha flooded (Pallares, 1990).  
1992: The EU Commission grants 74 MEur to fund the 75% of the 
budget for the PCR, proposed by CLM Government (1993-1998).  
1993: The Park continues in comma, only 50 Ha flooded. The renewed 
diversion project conveyed a net volume of 17 Hm3 in 1991, 6.5 in 1992 
and 10 in 1993. Moreover, the conversion plan has received applications 
of 50.000 Ha. to switch into non-irrigated lands (Ruiz, 1993). 
1994: Aquifer 23 definite overexploitation declaration, recognizing 
officially the unsustainable condition of the system, being the average 
registered phreatic level drop down to 35 meters and deficit is estimated 
in 3.000 Hm3. Among the proposed actions, remark the necessity to 
install gauging systems on every catchment, prohibition of new 
implementation of irrigated lands and reduction on water withdrawal 
permit down to 50%. (CHG, 1994) 
1994: PNTD blackout with less of 50 Ha flooded (historical minimum), 
By that time some 75.000 Ha has been inscribed into the conversion 
plan to reduce from 50% to 100% the irrigation volumes (Ruiz, 1994) 
but no official studies on the efficiency of the plan have been released. 
1995: The Public Works Minister proclaims the new diversion project 
“Tajo-La Mancha”.  
1995: PNTD in the throes of death, less than 50 Ha are flooded by 
pumping. Moreover, according to official data, the total affiliated lands 
to the PCR reaches 70% of irrigated area, meaning an “optimistic” 
expected reduction on withdrawal from 600 to 200 Hm3/year (Ruiz, 
1995). In parallel, thousands of “emergency” wells are drilled without 
permit to quench the parched vineyards during this extreme draught.  
1996: Nature saves PNTD, a rainy period floods 500 Ha (EFE, 1996). 
1996: A report released by the Ombudsman denounced that only 2.300 
wells of La Mancha area are completely legal, out of more than 16.000 
wells installed (Ruiz, 1996).  
1997: PNTD is at full capacity and Cigüela River conveys 1 m3/s. It is 
agreed to open the Malemocho watermill gates to allow water flowing 
upwards “Los Ojos” (Gómez Mardones, 1997). 
1998: Promulgation of the Guadiana Basin Hydrologic Plan (RD 
1664/1998) which assumed a significant deficit over the UGB, rated in 
more than 500 Hm3 compared to the average renewable resources.  
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1998: CHG is “overflowed” again by 14.000 applications to inscribe 
private rights of the Aquifer 23, ten years after the official period granted 
by the Water Act (Gómez Mardones, 1998). 
1998: Renewal of the PCR for five years more. 
2001: National Hydrologic Plan (PHN) passing, concluding the necessity 
to draft within one year the PEAG, aimed to prepare a feasible plan to 
recover the system water deficit and to maintain a sustainable use of 
underground resources through improving the management and 
reducing the water permits.  
2006: PNTD again in comma, 60 Ha flooded. CHG tried to seal 5.000 
wells up, resulting in severe demonstrations from AWAUs and CHG 
President was dismissed (Méndez, 2006). 
2007: PNTD continues in comma with only 40 Ha flooded. Ecologist 
associations request the invalidation of “La Mancha Húmeda” as 
Biosphere Reserve due to the continuous depletion state. The MaB 
Committee grants an extra period to the Spanish Government to 
implement the PEAG and verify if a sustainable use of the system is 
feasible. 
2008: PEAG is passed. 
2008: UNESCO and MaB committee defines the water management 
policies carried out in La Mancha as the worst inauspicious example and 
grants a moratorium not to exclude “La Mancha Húmeda” as Biosphere 
Reserve thanks to the recent PEAG approval and subjected to the 
implementation success. None of the 500 Biosphere Reserves has been 
ever miscataloged (Velasco Lizcano, 2010).  
2009: Draught still lurks and a new diversion of 20 Hm3 from Tajo River 
to the thirsty PNTD is approved. However, barely 15% reaches the 
target due to infiltration and illegal intakes (Méndez, 2009). In addition, a 
wastewater reuse plan by tertiary treatment is under study to water the 
PNTD, affirming that could be supplied up to 10 Hm3/year to flood up 
to 900 Ha. 
2009: the PNTD underneath extremely dry peat starts to auto-combust 
through oxidation and only 5 Ha are artificially flooded (historical 
minimum). EU Commission takes disciplinary actions against Spanish 
Government and demands explanations to allowing the operation of 
thousands of illegal wells during decades. 
2010: The Environment Ministry announces a new emergency diversion 
flow through the recent built “Tajo-La Mancha Diversion Project”. The 
allocated volume is 10 Hm3 and the flow rate is less than 1 m3/s, not 
enough to stop the peat fire (Méndez, 2010). Luckily, starts the rainiest 
period in 60 years (from December to February, 400 mm) that effectively 
flooded more than 1300 Ha. 
2012: After the rainiest period ever registered over La Mancha area, even 
taking place several flooding events in Rivers that have been dried for 
decades, surprisingly the Aquifer gives the impression to be recovering. 
A certain area of Guadiana River upstream PNTD is flooded. The 
Aquifer phreatic level has risen up to 35 meters in 3 years and the PEAG 
is about to fade away due to political and economic reasons.  
2012: WWF releases a report denouncing that the PEAG “Water Bank” 
has allocated 66 MEur to purchase “fake” water-concessions from 
abandoned exploitations and also, to legalize new concessions with the 
subsequent null water-saving (WWF, 2012). 
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2012: The recent elected president of CLM, Maria Dolores de Cospedal, 
claims to legalize all the existing wells over the Aquifer 23 area and 
months later, PEAG Consortium board is dismissed and the economic 
allocation diminished (EFE, 2012) till its complete expiration one year 
later (BOE, 2013).        
2013: The rainiest period had significantly replenished the Aquifer, being 
the water table about 610 masl over the pristine Los Ojos del Guadiana 
area and tiny puddles appeared coming from underground water. 
2013: Ecologist organizations present to PNTD commission and MMA 
a proposal to extend the protected area till “Los Ojos del Guadiana”, 
including the entire pristine potential flooded extension which currently 
is a private barren with high combustion risk. 
2013: CLM Government submits to the MaB International Council the 
strategic management guidelines proposal and the cartography of “La 
Mancha Húmeda” Biosphere Reserve, 33 years after its declaration 
(JCLM, 2013). 
2014, January: few puddles surge over the lower reach of “Los Ojos” and 
the Azuer River conveys water into Guadiana River upstream PNTD. In 
addition, Peñarrolla dam is releasing water through spillway since 2011 
reaching the Záncara and Cigüela River junction.  
2014, January: Ministerial decree to enlarge PNTD land by one third, till 
3030 Ha, but the heart and spillway of the system, “Los Ojos”, are not 
embraced yet dismissing the ecologists’ proposal (BOE, 2014) 
2014, June: PNTD flooded area is acceptable, but no River of the above 
mentioned is flowing at all. In addition, this year is considered as one of 
the driest ever registered, indicating the potential commencement of a 
dry period. 
2015, February: “Los Ojos” are timidly sourcing over the medium reach 
flooding “Molino de Zuacorta” area. It seems that the system is healthy 
and the so-called sustainable use is achieved, however, current state may 
be just an illusion derived from the wettest period ever registered 
combined with the great system inertia. 
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APPENDIX III - ANCIENT HYDRAULIC INFRASTRUCTURE 

In La Mancha area are numerous watermills, craftsman wells, 
waterwheels and channels ruins dated from the pre-Roman, Roman, 
Arabic and Middle ages that took advantage of the natural water 
resources for centuries and fairly distributed among all population. The 
oldest hydraulic infrastructure of the Iberian Peninsula is a Bronze era 
fortress with a masonry water well inside, dated from 2.300 BC and 
located nearby Daimiel city, known as “Motilla del Azuer”(Velasco 
Lizcano, 2013). 
The nearly continuous inhabitation of La Mancha area since then, 
especially during the Roman and Arabic ages, developed the use of the 
available water resources even with the scanty gradient and flows 
irregularity of La Mancha Rivers. The presence of hydraulic 
infrastructure, mainly watermills and associated weirs, was the general 
keynote in La Mancha streams during centuries but the development of 
machinery run by other energy sources substituted these watermills 
located several km away from downtown, falling into disuse and 
gradually abandoned. 
This point eased the colonization groups business, acquiring most of the 
watermills and associated land at sale price because of the little 
usefulness. The first action was to destroy the remaining weirs and 
pristine River bed morphology to make straight channels draining the 
floodland (Álvarez Cobelas, 1998). The scars of this environmental 
madness are easily noticeable over any of the streams in La Mancha, 
especially over Cigüela River, “Los Ojos del Guadiana” and “Las Tablas 
de Daimiel” areas (Fig. 16.) and (Fig. 41.). 
Currently, the conservation state is basically critic; only foundation ruins 
and some plugged millrace reaches survive and most of valuable masonry 
works have been presumably stolen by individuals to decorate particular 
cottages or further uses, this joined with the null effort from 
administrations to conserve this historical heritage, the result is just 
discouraging.  
Then, as a non-exhaustive first approach on the hydraulic infrastructure 
heritage current state over Gran Prior Channel, Cigüela and Guadiana 
River, focusing on watermills assessed through field inspection and 
existing data (Cartography from National Geographic Institute (IGN) 
and (Melero Cabañas, 2014)). 
Gran Prior Channel 
Deserves special mention this Gran Prior Channel, probably an Arabic 
infrastructure that harvested flows downstream Las Lagunas de Ruidera 
(surface waters coming from the Aquifer 24) and through El Atajadero 
weir and directed down to the centre of La Mancha after 47-km journey 
able to convey up to 4 m3/s. Used to run numerous water industries, 
most of them extinct, such as gunpowder mills, blacksmiths apart from 
the listed waterwheels, fulling and watermills. That surplus water 
overflowed this weir and flowed through the actual Old Guadiana River, 
known as “El Malecón de Santiago”, which layout is mainly parallel to 
the channel till Alameda de Cervera city, also used to irrigate nearby 
farmlands till meeting Záncara River in “El Inazar”, to South Alcázar de 
San Juan. 
Centuries later, in the 18th, the Royal architect Juan de Villanueva 
designed an ambitious rehabilitation project to increase the flow capacity 
and satisfy irrigation needs demanded by Riverside inhabitants. This 
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shows the importance of this hydraulic infrastructure and can be 
compared to the contemporary “Canal de Castilla”, a 200 km-long 
navigable channel located in the Northern tableland. But as usual, due to 
lack of funds, flows seasonality and even the significant water losses 
through the unlined earth channel, the Gran Prior enlargement was not 
completed.  
The current particular state of this colossal hydraulic work represents the 
scorn and unconsciousness of La Mancha people with regard to the 
water value and hydraulic heritage, as follows: 

 Weir-intake "El Atajadero", located few meters downstream Peñarroya 
Dam; practically extinct, left abutment some foundations ruins. 

 Gran Prior channel, 47 km-long, layout parallel to Old Guadiana River, 
some reaches and ancillary elements (bridges and locks) remain. 
Outstanding that one between Peñarroya reservoir tailwater and 
Ruidera cemetery, the renovated reach along Argamasilla de Alba, a 
bridge in Alameda de Cervera and some ruins of bridges and locks over 
"Los Molinos". 

 "Molino de la Parra" watermill, before 16th century, adjacent to "El 
Atajadero", foundation ruins. 

 "Molino Nuevo" watermill, 3 km downstream "El Atajadero", extinct. 

 "Molino de San José" watermill, before 16th century, 750 m 
downstream previous one, foundation and some walls ruins. 

 "Molino de Santa María" watermill, before 16th century, 1.5 km 
downstream, foundation ruins (buried). 

 "Molino de San Juan" watermill, 19th century, 2 km downstream, 
foundations and some walls ruins 

 "Molino de San Antonio" watermill, 19th century, 500 m to North 
Argamasilla de Alba, foundations and some walls ruins 

 "Molino del Cuervo" watermill, before 16th century, 9 km to North 
Argamasilla de Alba, foundations and intake ruins 

 "Batán de Villacentenos" fulling mill, before 16th century, 10 km to 
West Alameda de Cervera, foundation, some lock and bridge masonry 
remains abandoned. 

 
Fig. 47. Stone bridge over Gran Prior channel (2013). 



Towards Sustainable Use of Groundwater Resources: Aquifer 23, La Mancha-Spain 

 
 

XIII 

 
Fig. 48. Historical cartography of “Los Ojos”, potential floodland in red. 

Finally, over "Lagunas de Ruidera" upstream Peñarroya Dam numerous 
hydraulic works exist with certain power due to that hydraulic gradient, 
around 3%, which resulted in the commissioning of several hydropower 
plants during the first half of the 20th century, such as Miravete, Santa 
Elena, Ruipérez and San Luis. These were ancient water and fulling mills 
refurbished as hydropower plants to supply electricity to the nearby 
towns, but now, are completely abandoned and in ruin state mainly 
because the unavailability of continuous flows to run the machinery and 
consequent lack of interest by privates to maintain or rehabilitate this 
infrastructure. 
Guadiana River 
Seven watermills and associated weirs located upstream PNTD over 
"Los Ojos" dammed these calm springs providing up to 1.500 Ha of 
marshland and also, hydraulically controlled the outflow from the 
Aquifer raising its maximum phreatic table and storage capacity. (Fig. 48) 
illustrates the ancient potential floodland over this area (IGN, 1888), 
being a brief approach of the heritage conservation state: 

 "Molino de Arquel", 2 km upstream CR-201 crossing point, extinct 

 "Molino de Zuacorta", before 12th century, nearby CR-201, weir 
abutment remains and watermill restored as cottage-hostel.  

 "Molino de la Parrilla", Roman, the largest weir (1 km-long) conserved 
in the Peninsula (Jerez García, 2004), 1.5 km downstream previous 
one, weir partially remains and foundation ruins. 

 "Molino de la Máquina o Dehesa", before 15th century, 1.5 km 
downstream, some walls and foundation ruins. 

 "Molino Nuevo de Curuenga", before 15th century, 2 km downstream, 
some walls and foundation ruins. 

 "Molino Griñón", Arabic, 2 km downstream, foundation and intake 
masonry remains. 

 "Molino de Molemocho", before 16th century, 3 km downstream by 
PNTD border, rehabilitated as interpretation center. 

 "Molino de Puente Navarro", before 15th century, downstream border 
of PNTD nearby Puente Navarro Dam, presumably rehabilitated. 

 "Molino de Flor de Ribera", before 10th century, 3 km downstream, 
foundation, some walls and intake masonry ruins.  
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 "Molino de Calatrava", before 16th century, 4.5 km downstream, 
foundation, some walls and intake masonry remains. 

The 1960s canalization works destroyed those remaining weirs to drain 
and later reclaim these dry marshlands and the phreatic level was lowered 
more than 15 meters over “Los Ojos”, from 620 to 605 masl. Local 
testimonies affirmed that water was draining for more than one year, 
losing that Aquifer storage volume forever. 
Gigüela River 
Even though the low gradient and flow irregularity, over this River were 
erected several watermills that took advantage of its power: 

 "Molino de Angulo", before 16th century, to North Arenas de San Juan 
city, almost extinct. 

 "Molino de Hernando Díaz", before 16th century, 7 km upstream 
Záncara and Cigüela concourse, foundation, some walls and intake 
masonry remains. Abandoned. 

 "Molino Harinero", 4 km upstream previous one, extinct. 

 "Molino del Doctor", before 16th century, 3 km upstream, some walls 
and intake masonry ruins. 

 "Molino de la Guerrera", before 16th century, 2 km upstream, 
foundation, some walls and intake masonry ruins. 

 "Molino de Cazuelas", 300 m to upstream, foundation ruins. 
These historical hydraulic works took advantage of the flowing waters in 
spite of the low gradient and are present on every River and proof the 
existence of certain steady flows in the past. Nevertheless, references 
point out the irregular operation of the watermills dependant on flow 
seasonality, apart from the serious draught occurred in the 16th century, 
forced the implementation of the well-known windmills in La Mancha, 
technologically exported from Netherlands.  
Obviously, apart from the mentioned channeling works, the practically 
disappearance of surface water since the 1980s has erased any practical 
interest to rehabilitate or protect this historical heritage. The unique 
hypothetical and utopian future option to call for restore the numerous 
watermills is the complete recovery of phreatic levels to permit the re-
connection of underground and surface waters, allowing flows coming 
back to streams to run this ancient machinery.  
Finally, it is important to remark that the PEAG included an ambitious 
program to restore this heritage, allocating more than 150 MEur, but 
desolately, no money has been invested in this program and only two 
watermills were rehabilitated which currently operate as interpretive 
centers. 
 


