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Abstract 

The model of the regional economic development of southern Spain cannot be 
understood without taking into account intensive irrigated agriculture and its 
inextricable relationship with water availability. In this semi-arid territory, the 
need to ensure the efficiency of agricultural water use has been a constant, which 
has led to the gradual modernization of systems of resource use. However, the 
total water demand in the Segura River Basin and Almeria province has 
increased to exceed the limits of natural resources, resulting in a structural water 
deficit with an unsustainable trend, as is highlighted in hydrological planning. 
In this paper we analyse the shape, socio-economic and environmental 
consequences of the expansion of irrigation in Murcia and of greenhouses in 
Almeria. It becomes clear that the main shortcoming is the structural shortage of 
groundwater. The paper concludes with the idea that, despite this severe 
limitation, more productive irrigation could absorb the higher costs of a solution 
based on water from coastal desalination to solve the hydrological deficit and, in 
turn, can become a guarantor of the quality of the ecosystems, food security and 
good territorial order within the sector. 
Keywords: irrigation, water, regional economic development, new hydrological 
planning, Almeria, Murcia. 

1 Introduction 

The defining feature of the south-eastern peninsular of Spain, where the 
provinces of Almeria Murcia are located, respectively in the Andalusian 
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Mediterranean Basin and the Segura River Basin, is aridity. This is manifested 
by extraordinary solar radiation and scarce and irregular rainfall – both periodic 
and geographic, although of a torrential character in autumn. These climatic 
conditions, initially adverse for development [1], have turned the region into a 
very productive and profitable area for irrigated agriculture, though with the 
limitation of meagre available water resources, which was resolved with the 
early construction and development of hydraulic works [2]. 
     The regional development model has been highly dependent on water, both in 
regards to the agricultural sector and the coastal urban, residential, tourist and 
metropolitan areas. Agricultural development took place founded on the 
traditional ancient irrigated areas of the alluvial plains and experienced a 
significant expansion from the second half of the twentieth century in the case of 
Murcia [3], and in the large expansion of greenhouses from the end of the 1960s 
in the case of Almeria [4]. The evolution of these processes of expansion shows 
a tendency towards a steep logistical curve with a slight gradual increase at the 
beginning, followed by a stage of rapid development and intense growth between 
the mid-1980s and the end of the 1990s, until it reached a stage of maturity at the 
beginning of the new century, when growth became significantly reduced. This 
stabilization in the tendency for growth reveals, on the one hand, a slowing down 
in the processes of expansion linked in recent times to the grave scarcity of 
resources and, on the other hand, the later development has been balanced with 
the loss of productive land by urbanization [5]. In the case of Almeria it has 
almost reached a limit in occupation, as a result of the creation of a seemingly 
“plastic sea” of greenhouses which has become one of the most outstanding 
territorial transformations in recent decades on a global scale [4, 6]. 
     In general, irrigation is inextricably linked to the availability of water. 
Without doubt, both the growth of irrigation in the region of Murcia and the 
spectacular proliferation of greenhouses in Almeria has moved away from the 
traditional Mediterranean irrigation culture adapted to its particular conditions of 
scarcity and has been supported, since the 1970s, by the use of subterranean 
resources which have accumulated in the subsoil. In Almeria this began with the 
governmental action of colonization, and also in the successful application in the 
1970s of a number of technical innovations (“sanding” – creation of an artificial 
ground, plastic greenhouses – which contribute to the growth in productivity, to 
early harvest and savings in water consumption, etc.) which has led to an 
extraordinary economic development classified as a miraculous [2, 4], and has 
resulted in an agricultural revolution [7]. 
     The Water Framework Directive (WFD) approved in the European Union, 
and adopted as the Spanish standard (through Laws 62/2003 and 11/2005), in 
addition to the good ecological state of the bodies of water, requires a new 
criteria of economic rationality in water management. Each economic area is 
obligated to provide analysis of the degree of fulfilment with regards to the 
recovery costs for water services, in order to increase efficiency and equity in 
their use. The economic analysis should include a long-term forecast of supply 
and demand and, where data are unavailable, estimates of the volume, price and 
cost associated with water services. The price of the water should be included in 
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the program of measures, so that it is considered as another measure and is 
analysed in terms of cost and effectiveness [8]. 
     Currently in the Segura River Basin, where the region of Murcia is situated, 
some 87% of the water goes to irrigated agriculture [9], and in the Andalusian 
Mediterranean Basin this percentage is a lower, but equally significant, 71% [10]. 
     The inseparable relationship between water and irrigated land in regions 
where the scarcity of water is a characteristic feature, has forced a gradual 
modernization in the systems of irrigation, by means of regulation or re-use and 
rationing of water, and has led to its productivity becoming the highest in Spain. 
In much of the Spanish territory, access to water resources is the determining 
factor explaining the economic and financial viability of agricultural operations, 
their physical productivity, profitability and rural land values [11]. However, the 
development of the sector clashes with environmental limitations and the new 
parameters of economic rationality established in the WFD. 
     This paper analyses the importance of irrigated agriculture in the territory and 
economy of the provinces of Almeria and Murcia, the efforts to improve its 
operation and the challenges faced by a fragile but very competitive sector. To 
this end, Section 2 shows the evolution of irrigated land and its socio-economic 
and territorial implications. Section 3 discusses the productivity and 
modernization of irrigated lands. Section 4 analyses the perspectives and 
challenges for the future. 

2 Irrigation as a dynamic catalyst in the agricultural sector in 
the economy and its territorial implications 

In general, throughout the second half of the twentieth century, the economy of 
the region of Murcia has mirrored the cycles of the Spanish economy. The 
changes happening in the economy of Murcia in the period 1971-1987 include a 
spectacular growth in the capital stock of hydraulic infrastructures – with the 
works for the Tajo-Segura Transfer and other expansions and development, a 
prolonged and profound crisis, followed by a period of recovery coinciding with 
the incorporation of Spain into the European Union [12]. The infrastructural 
development which took place from the mid-1960s until the mid-1980s, 
coincided with the expansion of irrigated areas and the accelerated process of 
urbanization which took place in the region. 
     Amongst the Spanish regions, Murcia has a per capita income below the 
national average. During the 1960s there was a dramatic increase in absolute and 
relative terms. After this period of strong growth, Gross Added Value (GAV) per 
capita had not exceeded 85% of the national average and since 2005 one sees a 
loss of position in the per capita production of the region. 
     Between 1955 and 1975, the increase in per capita income was accompanied 
by a structural change characterized by the progressive loss of importance of the 
agricultural sector in its contribution to global production. During the “hard” 
period of autarkic and interventionist economic policy, the isolation of the 
country had negative consequences for irrigated specialized agriculture and the 
agro-food industry, the most dynamic sectors of the economy of Murcia [13]. 
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The processes of modernization and specialization, which could already be felt in 
the nineteenth century, were interrupted, and a ruralisation of society was 
experienced. The population employed in the agricultural sector rose from 49% 
in 1930 to 60.5% in 1950 [12]. Although the reduction in relative importance of 
the agricultural and fisheries sector paralleled the national productivity structure, 
it is necessary to take into account two adjacent aspects of the model of 
structural change which from a quantitative perspective moved agriculture into a 
lesser position. Firstly, there was a rural exodus which took place from 
predominantly agricultural regions to the more industrialized regions in the 
1950s and 60s, a situation which had an impact on the modernization of the 
techniques of agricultural production and, therefore, on the productivity of the 
sector. Secondly, after the crisis of the mid-1970s, the decreased capacity of the 
sector to employ workers led to an increase in rural unemployment and in 
unskilled workers, unqualified and difficult to place in other sectors. 
     The spectacular economic development of Almeria, linked to the 
generalization of intensive agriculture, leads to what is widely known as the 
“Almerian miracle” [4]. From the beginning of the 1970s the growth of the 
economy of the province of Almeria has been higher than the national average 
[14] and, in terms of GNP per capita, Almeria elevated its place in the Spanish 
ranking from the lowest position, which it occupied in the 1960s to stand now in 
an intermediate position on a national level and first amongst the Andalusian 
provinces, having gained more than 30 percentage points [4]. 
     In Murcia since 1995, the contribution of the agricultural sector to the Gross 
Domestic Product (GDP) and to employment has continued to decrease, whilst 
maintaining regional agricultural specialization. For its part, the greatest 
contribution to the Final Agricultural Production in 2004 was the agricultural 
subsector, with 76.4%, followed by livestock farming. The productivity rate for the 
agricultural sector in the Region of Murcia is above the Spanish average, due to 
irrigated agriculture. In fact, the survival of some agricultural operations was based 
on their transformation into irrigated land with higher margins than those of un-
irrigated land which, only in exceptional cases, gives a profit of over 900 
Euros/hectare. Irrigated land has a gross margin per hectare of 4.4 times that of 
irrigated land, and is the basis for the production of the highest economic value 
(90% of horticultural and citrus crops, 75% of tubers, between 20% and 30% of 
vineyards, olive, fodder and industrial crops). The same species growing in an 
irrigated greenhouse reaches yields of up to eight times greater than that of un-
irrigated farming. Irrigation in Murcia is linked to a dynamic and competitive 
agricultural model and, without state aid to production, reaches net margins of 
more than 7,000 Euros/hectare. Such differences are based on the diversification of 
production, in the minimisation of climatic risk and the growing techniques used. 
In addition, irrigated land generates up to fifty times more direct employment than 
un-irrigated land on the Mediterranean coast and the ties between agriculture and 
non-agricultural businesses in the region generate 35% more employment over and 
above agriculture itself. In addition, there is a strong relationship between irrigated 
land and the agricultural food industry. The high agricultural productivity of the 
region explains the formation of complexes of agricultural food production of high 
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importance, which places Murcia as a leader in conserved vegetable industries and 
in pre-prepared fruit and vegetable products. In some municipalities the weighting 
of the agricultural food industry in local production is six times greater than that of 
the average in the Spanish economy. 
     In Murcia since 1995, the contribution of the agricultural sector to the Gross 
Domestic Product (GDP) and to employment has continued to decrease, whilst 
maintaining regional agricultural specialization. For its part, the greatest 
contribution to the Final Agricultural Production in 2004 was the agricultural 
subsector, with 76.4%, followed by livestock farming [15]. The productivity rate 
for the agricultural sector in the Region of Murcia is above the Spanish average, 
due to irrigated agriculture. In fact, the survival of some agricultural operations 
was based on their transformation into irrigated land with higher margins than 
those of un-irrigated land which, only in exceptional cases, gives a profit of over 
900 Euros/hectare. Irrigated land has a gross margin per hectare of 4.4 times that 
of irrigated land, and is the basis for the production of the highest economic 
value (90% of horticultural and citrus crops, 75% of tubers, between 20% and 
30% of vineyards, olive, fodder and industrial crops). The same species growing 
in an irrigated greenhouse reaches yields of up to eight times greater than that of 
un-irrigated farming [16]. Irrigation in Murcia is linked to a dynamic and 
competitive agricultural model and, without state aid to production, reaches net 
margins of more than 7,000 Euros/hectare [11]. Such differences are based on 
the diversification of production, in the minimisation of climatic risk and the 
growing techniques used. In addition, irrigated land generates up to fifty times 
more direct employment than un-irrigated land on the Mediterranean coast and 
the ties between agriculture and non-agricultural businesses in the region 
generate 35% more employment over and above agriculture itself [12, 17]. In 
addition, there is a strong relationship between irrigated land and the agricultural 
food industry. The high agricultural productivity of the region explains the 
formation of complexes of agricultural food production of high importance, 
which places Murcia as a leader in conserved vegetable industries and in pre-
prepared fruit and vegetable products. In some municipalities the weighting of 
the agricultural food industry in local production is six times greater than that of 
the average in the Spanish economy [11]. 
     In the middle of the current decade the agricultural GAV represents 11% of 
the total GAV of Murcia and more than 23% of the GAV of the province of 
Almeria. Horticulture represents 52% of the final agricultural production of 
Murcia and 83% of that of Almeria, and fruit and vegetable produced in both 
provinces make up almost half the national production [18]. 
     In addition the growth of the indigenous and, in particular, the immigrant 
population in recent decades is associated with this productivity and level of 
agricultural employment, whereby the work is often undertaken by illegal 
immigrants. In fact, the strong demand for labour caused by the expansion of 
horticultural production in Almeria, with its agriculture under industrialised 
plastic and in Murcia –both intensive in capital and manual labour– have been 
met to a large extent by illegal immigration, which has balanced the decrease in 
indigenous workers in the sector [18]. 
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     The modernization of the agricultural sector in Murcia and Almeria is closely 
linked to the opening of export. The balance of trade, in deficit until the 1990s, 
took an upturn thanks, primarily, to the strong expansion of horticulture. The 
agricultural balance of trade went from a payment rate of 82% in 1985 to 110% 
in 1999 and exports of final agricultural production rose from 30% to 56% in the 
same period. Furthermore, exports of food products made up 70% of total 
exports in the 1990s [19]. The payment ratio (export/import) of the agricultural 
food sector is very much higher than that of the total commercial payment ratio. 
In fact, since 2000, the region of Murcia demonstrates a commercial deficit, 
whilst the agricultural food sector maintains its surplus, even though this 
worsens its competitive international position [13]. In Almeria the percentage of 
the horticultural produce destined for export has stopped being lower than the 
30% at the end of the 1980s, to be 60% in 2003, and both provinces, Murcia and 
Almeria, create more than half the national horticultural produce, with 26% and 
35% respectively [18]. 
     Irrigated land offers higher profitability than other forms of agriculture and 
has played a key role in the modernization of the agricultural sector. Despite the 
difficulties facing the country, the transformation began in Murcia in the 1940s 
with the policy of reserves, continued in the 1950s with its progressive 
modernization and increase in productivity and in the 1960s diversified 
production to meet the new demands for food. With the development of 
motorization for the extraction of groundwater, the irrigated areas were extended 
beyond the alluvial flood plains, in a continuous process, giving rise to a serious 
over-exploitation of aquifers. The huge increase in gross irrigated areas 
experienced in the 1950s and 60s is associated with the construction of large 
hydraulic works in the basin which provided a very elevated regulation (around 
80% of the natural flow) [2]. Public and private investments made to improve the 
system of regulation and increase the availability of water were justified by their 
positive impact on regional economic growth. The improvements and 
modernization of irrigation systems enabled the attainment of higher levels of 
profitability and increased export capacity of a capitalized and intensive 
agriculture. In the 1970s there was a significant increase in the surface area of 
irrigated land, not only as a result of state action (post-transfer irrigated areas), 
but also the private initiative turned to the extraction of groundwater. Water 
demand from the new irrigated areas which were created with the supply from 
the transfer adversely affected the traditional water deficit of the region, despite 
that it was met, in part, with subterranean resources [3]. In the case of coastal 
Almeria, a series of technical innovations, instigated initially by state action and 
rigorously followed up by private initiative, such as, from the 1950s, the 
extraction of groundwater, the introduction of greenhouses in 1963 or the 
generalisation of drip irrigation in 1976, led to an extraordinary growth in 
horticultural production, which has more than quadrupled between 1975 and 
2008, rising from some 670,000 tons to more than 2,900,000 tons [4], but has 
also led to a significant over-exploitation and degradation of its aquifers [7, 10]. 
     The net irrigated surface of Murcia maintained a certain superficial stability 
over the general regulatory process in the 1970s, being in the region of 100,000 
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hectares. Later, in the 1980s there was a period of development and strong 
expansion associated with the transfer. In the 1990s the net irrigated surface 
stabilized again, with the limited resources of the transfer for irrigation and the 
shortages caused by the droughts in the middle of this decade [2]. The works of 
the Tajo-Segura transfer and post-transfer (since 1979) allowed an increase in the 
surface area of irrigated land, which rose from 166,689 hectares in 1984 to 
221,085 hectares in 1991. Such an increase signified a huge stimulus for 
traditional agriculture, which was subject to profound changes in cultivation 
techniques and in types of crop. The changes in techniques meant an increase in 
intensive farming and “drip” irrigation. In 2004 the irrigated land surface reached 
its maximum, due to the high availability of resources, coinciding with the 
registered extension of 251,121 hectares [9]. 
     The various studies carried out up to now in the Segura River Basin 
demonstrate a variable evolution of the net irrigated area for the period 1980-
2005 in terms of water availability and which has not surpassed the figure 
established in the last hydrological plan [9]. The difficult outlooks for 
agriculture, together with the recent economic dynamics clearly oriented towards 
construction, have led to the urbanization of these areas. The area occupied by 
greenhouses in Almeria has grown spectacularly from their start in the mid-
1960s, and the scarcely 4,000 hectares in the mid-1960s has become 30,000 
hectares [20], becoming the Spanish province with the most surface area of 
greenhouse cultivation, representing about half the national surface area, and 
very much higher than the rest of the countries of the Mediterranean basin [4]. 
These widespread expansions explain their relevance in the territorial 
configurations of Murcia and Almeria. 
     However, the expansion of the irrigated areas has brought with it, in general, 
serious environmental impacts, which include direct changes in natural habitats, 
over-exploitation of water resources, salinization and pollution (localised and 
diffuse) [21]. In particular, in the Segura River Basin, the most significant 
pressures on the surface water bodies, linked to the development of irrigated 
areas, include extraction of resources in water systems; hydro-morphological 
changes, regulation of the water system; pressures for the use of land, specific 
and diffuse pollution. In addition, the bodies of groundwater have been over-
exploited, which has caused seawater intrusion and diffuse contamination. 
Almost 10% of the surface bodies of water have been evaluated as at risk of not 
meeting the environmental objectives of the WFD [9]. On the other hand, the 
rapid and wide-spread expansion of greenhouses in Almeria has produced 
serious environmental problems, like the worsening of the water deficit and the 
over-exploitation and salinization of the aquifers, the production of vegetable 
waste, of plastics from greenhouses, packaging from weed killers and pesticides, 
and the general pollution of water and ground by the use of fertilizers, and 
pesticides. This is in the process of being resolved through large advances in 
waste management and the response to pollution through integrated production 
[22]. It is anticipated that the coastal aquifers of Almeria will reach a healthy 
state in 2027, doing away with over-exploitation and pollution, with the 
extension of the “Campo de Dalias” which would justify less rigorous 
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environmental objectives [10]. According to the facts uncovered, the recovery of 
the hydrological environment is going to be linked to the improvement in the 
efficiency (technical, productive and economic) in the use of water for 
agriculture [11,17] and in the adequate territorial organization of its land [4, 20]. 
     The scarcity, lack of guarantee and low water quality constitute the main 
structural weakness and limitation of the irrigated land, as presented in the 
forecasted scenarios of current hydrological planning in the Segura River Basin 
and the Andalusian Mediterranean Basin. Despite these limitations, and as will 
be demonstrated later, the most productive irrigated land could carry the costs of 
a solution based on water from coastal desalinization which constitutes a 
guaranteed and quality supply proposed by current hydrological planning to 
solve the water problems [9, 10]. 

3 Water use, productivity and modernization of 
irrigated land 

The total demand for water in the Segura River Basin has increased over the 
years with a growing intensity, until it is exceeding the limits of the existing 
natural resources, leading to a structural water deficit with an unsustainable trend 
[23]. According to studies carried out for the compilation of the next 
Hydrological Plan, the total water demand for consumption has risen from 
1,750hm3 per year to 1,901hm3 per year and, specifically, demand for 
agricultural uses, which made up 80% of the total, now stands at 87%. In 
particular, the demand for water, linked to the expansion of irrigated areas, and 
established in the last Hydrological Plan as 1,660hm3 per year, has increased 
slightly to 1,662hm3 per year, due to the stabilization of this use [10]. 
     At the beginning of the twenty-first century, the contribution of irrigated land 
to the final agricultural production is around 90%, despite only occupying 13% 
of the useable agricultural area. The differences in productivity are greater for 
different types of crop. According to data on covered crops (horticulture, flowers 
and ornamental plants), these carry most added value per unit of water (7.83 
Euros/m3), followed by vegetables (2.09 Euros/m3) and it is worth noting that the 
productivity of these crops in the Segura River Basin is higher than the national 
average [11]. Productivity of irrigation water has risen between 1996 and 2007 
[24]. Fruit and vegetable production concentrated on the Mediterranean coast 
maintains a high profitability and productivity, despite the difficulties of supply 
and the depletion of available water in the local area [25]. 
     Thus, the need for greater efficiency in agricultural water use has been a 
constant in the semi-arid Mediterranean territory, with irrigated areas 
traditionally in deficit with their scarce and irregular water allotments. In those 
territories of the Segura with greater difficulties obtaining this resource, or in its 
distribution, improvements and the new irrigation techniques began to spread, 
which constituted the first antecedents of the modernization of irrigation. During 
the 1960s, the reduction of losses was considered through the improvement of 
the distribution network, the incorporation of new subterranean resources and the 
use of floodwaters. Later, a new distribution system was established and its 
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complete automation and computer control. In parallel, there was a wide-spread 
diffusion of localized irrigation, at the end of the 1970s, from the coast 
throughout the whole of the Basin [26]. 
     Traditional water policy opted for the transfer of external flows to the 
Mediterranean basins to resolve the age-old water deficit. Its action paradigm, 
from a supply model, was the Tajo-Segura Transfer, and this approach was 
maintained by the provisions of the National Hydrological Plan of 2001, which 
included the Transfer from the Ebro River. The change in this water policy and 
its paradigms of management, produced with the modification of the above 
mentioned National Hydrological Plan and its substitution by the A.G.U.A. 
Program (Actuaciones para la Gestión y Utilización del Agua – “Actions for the 
Management and Utilization of Water”) in 2004 (R.D.L. 2/2004) [27]. This 
contained a series of “Urgent Actions in the Mediterranean Basin” to increase 
water supplies through desalination and improvements in the management and 
quality of water seeking independence from climatic influence with the massive 
desalination of sea water [7]. 
     Over recent years, and as has been established in the WFD, Hydrographical 
Demarcations have been established, which incorporate the confederations, and 
which are undertaking actions aimed at optimizing existing storage and 
distribution infrastructures, of irrigated land and urban water supply, with 
particular attention to purification and re-utilization, as well as, above all, 
desalination. According to the A.G.U.A. program, the actions of the 
Autonomous Community of the Region of Murcia will create an increase of 
204hm3 per year (with an investment of 876 million Euros) and in Almeria of 
189hm3 per year (with an estimated cost of 352 million Euros). The government 
chose desalination instead of large inter-basin transfers, exchanging a very 
tangible and immediate form of environmental impact for the less tangible 
environmental impact of additional energy production [7]. 
     Since then it has continued with policies of savings and modernization of the 
irrigated areas, making agricultural activity a more efficient sector in the use of 
water. The modernization of irrigated areas was among the agricultural and 
environmental policies of the European Union, as well as of the state 
government, but finally converging in the Ministry of the Environment, Rural 
Marine Affairs, with the actions of the Emergency Plan for the Modernization of 
Irrigated Areas (R.D. 287/2006) to alleviate drought; the Law 45/2007 for 
Sustainable Rural Development and the current National Strategy for the 
Sustainable Modernization of Irrigated Areas, up to 2015. 

4 Prospects and challenges of irrigated areas 

European Agenda 2000 sees multifunctional irrigated areas as one of the pillars 
of the new model of European agriculture, as it settles the population, orders the 
territory and maintains the rural area [28]. In Consequence, the programs of 
improvement and modernization of irrigated areas and their future planning are 
framed in a context of territorial order broader than the purely hydraulic and 
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incorporate parameters of sustainable development, settlement and employment 
of the population in rural areas. 
     More than two thirds of the total area of irrigated land in Murcia has been 
modernized, using sprinkler or localized irrigation systems, to the point where 
the Region has come to be considered “a laboratory of modernization 
experiments” which has been successful in terms of savings and efficiency in 
water use, its regulation, distribution and control. Murcia is the region with the 
highest percentage of land with drip irrigation (77.31%), followed by the Canary 
Islands (73.94%) and Andalusia (73.67%) [29]. A significant part of this latter 
percentage corresponds to irrigation systems in the greenhouses of Almeria. 
However, the administration is obliged to guarantee water for irrigation so that 
the modernisation system works [26]. Nevertheless, the framework imposed by 
the WFD in Europe is leading to some significant limitations in the use of water 
to achieve the objectives of the good ecological state of the bodies of water and 
of the aquatic ecosystems, its subsequent maintenance and its sustainable use as 
a resource. To achieve these in 2015, the Hydrographical Demarcations are 
preparing new hydrological plans for the basin which should have been passed 
by 2009. 
     The objectives established in the current hydrological plan proceed from the 
WFD (basically aimed at achieving the good state of all bodies of water and 
aquatic ecosystems and the sustainable use of water), as well as from the current 
Water Law which, besides supplementing the Directive, is already considering 
the adequate satisfaction of water demand for the various uses. Firstly, the 
environmental objectives are a top priority legal requirement for most water uses 
of the basin. The level of environmental degradation of a significant part of the 
aquatic ecosystems of the zones is serious limitations to the achievement of these 
objectives. Their achievement will lead to a restriction in the system of use, 
reducing the limited availability of water, mainly for irrigation, which will mean 
one of the greatest difficulties to face in the demarcations. For this reason, once 
the ecological flows and their annual and inter-annual systems are determined, a 
concerted process must be achieved, taking into account environmental 
conditions, socio-economic effects and the costs of the measures which are 
proposed during the next three cycles of planning (until the year 2027) for its 
implementation. The over-exploitation of aquifers is negatively affecting the 
ecosystems which rely on them and are leading to rising pumping costs for the 
users of an increasingly scarce resource Another of the objectives identified 
refers to the satisfaction of the demands and the rationality of use. However, 
particular attention is drawn to the limitations in the satisfaction of the demands 
of agricultural use due to the reduction in the quantity of water available in the 
basins [9, 10]. 
     Current water planning intends to fulfil this shortfall with water from 
desalination. However, the resolution of this gap in water supply with the 
incorporation of desalinated water for the cycle of agricultural use will present 
greater difficulties than for urban or industrial uses. In order to take a decision on 
the best solution in the management of irrigation water, it is essential to 
determine a shadow price and take account of the socio-environmental costs, and 
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consider the willingness of the irrigators to pay in order to guarantee the good 
state of the water ecosystems. Current water prices in the regions of the southeast 
are lower than their shadow price (between 0.06 and 0.21 Euros/m3), causing an 
excess in demand which could be reduced with the increase in prices. From this 
perspective, measures such as desalination or water markets, combined with an 
increase in prices, in both water from surface sources as well as subterranean 
sources, could solve the water shortage. The use of water from desalination 
plants is economically feasible for greenhouse irrigation in the coastal areas to 
the south of the Campo de Cartagena and for Almeria’s coastal areas. However, 
as the costs of extraction (0.09-0.18 Euros/m3) are much lower than those of 
desalination (0.52 Euros/m3) and as the hydraulic administration does not exert 
an effective control on the aquifers, it is difficult for the farmers to use 
desalinated water. Sustainable management of the aquifers would require public 
action and co-operation between interested parties in the zone [20, 30]. 
     The difficulty of the introduction of desalinated water in consumption cycle 
(both for urban and agriculture uses) for its high cost compared to groundwater is 
causing the underutilization of existing desalination plants in Almeria, which are 
functioning at a level well below its production capacity (between 16 and 33%) 
and the review of the A.G.U.A. Program respect to non-construction or non-
expansion of programmed desalination plants [20]. Therefore, proposals for 
subsidized pricing to promote its acceptance among users should be considered 
as recommended [7]. 
     Control of the over-exploitation of aquifers and springs is essential in order to 
achieve a sustainable use of the resource, but it requires a framework of open 
regulation to accommodate the local agents involved, and the commitment of the 
authorities concerned when necessary to limit the development of activities 
which endanger the objective of sustainability in the use of the basic resources. 
For this it is necessary to highlight the importance of social capital in irrigated 
areas, with its ancient model of collective management of water through the 
irrigation communities, which have become an international reference due to 
their efficiency and participative character [31]. 
     In addition to the aspects considered, the development of an economic 
analysis is anticipated to include in the program of measures of the hydrological 
plan, in which the long-term supply and demand for water is forecast, to fulfil 
the criteria of cost recovery in the WFD and to increase efficiency and equality 
in resource use. However, in the current economic crisis, it is anticipated that the 
policy of modernization of irrigated areas and the huge investments necessary to 
implement the new hydrological plans and achieve the objectives of the WFD, is 
going to slow down [32]. 
     Along with water related aspects, the future of the agricultural sector in the 
southeast depends on commitment to quality and innovation in activity, as key 
elements to maintain a competitive position through the differentiation of 
production and product identification with quality brands created for this 
purpose. The correction of deficiencies, like the strong differential between 
prices earned by the farmer and those paid by the consumer, forms part of the 
strategies aimed at strengthening the sector. In addition, co-ordination between 
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agriculture and the agricultural food industry is a key aspect for Murcia to 
maintain its position in these sectors [33], innovations which in the case of 
Almeria have taken decades to bring about [4]. 

5 Conclusions 

Irrigated land, as a dynamic element in agriculture, maintains an important role 
in the territorial configuration and economy of Almeria and Murcia, despite the 
loss of the relative importance of agriculture in production. Irrigated land has 
shown the highest rates of agricultural profitability and productivity and has 
played a key role in the modernization of the industrial sector. 
     In Murcia the large increase in gross irrigated area experienced in the 1950s 
and 60s was related to the huge hydraulic works. In middle of the last decade the 
maximum irrigated area was reached, and more than two thirds of this has been 
modernized, incorporating sprinkler or localized irrigation systems, and has 
improved efficiency in water use in terms of its regulation, distribution and 
control. In Almeria the spectacular proliferations of greenhouses from the mid-
1960s, along with other technical innovations, such as localized irrigation, have 
been based on the use of groundwater, similar to that in Murcia. This has led to 
an increase in the traditional water deficit in both basins, and to serious 
environmental impacts, which include the over-exploitation of subterranean 
aquifers and the endangerment of the ecosystems which rely on them. 
     Scarcity, lack of guarantee, and low quality of the water constitute the main 
weakness and structural limitation of irrigated land, as presented in the future 
scenarios of current hydrological planning. One of the greatest difficulties in its 
implementation will be the process of agreement in which all the environmental, 
social and economic costs are to be considered, and the significant agricultural 
demands already existing in the basins can be addressed. Water from coastal 
desalination could be established as an economically feasible solution to meet 
the demands of the resource for its use in more productive irrigated agriculture. 
However the higher cost of desalinated water compared to subterranean 
extraction makes it difficult for irrigators to accept. For this reason, co-operation 
between interested parties in the area and public action to control over-
exploitation are essential to achieve change in the origin of water to meet the 
environmental objectives of the WFD. 
     The future of rural areas in general, and in particular of the irrigated land of 
Murcia and Almeria, requires special attention, beyond its mere consideration as 
a productive agricultural sector in many senses. International competition will 
quickly become stronger, due to the progressive liberalization of the sector on an 
international scale. A multi-sectorial base of development will be required 
founded on the diversification of activities and the re-evaluation of existing 
supplies in the rural environment. Moreover, the multifunctional role related to 
the satisfaction of the increasing demands of the public regarding safety and 
quality of food, product differentiation, animal welfare and environmental 
protection; converts rural inhabitants into guarantors of these increases in quality 
and of good territorial order. 
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