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Abstract

:

Since the middle of the 20th century, irrigation in the southeast of Spain has displayed significant productive growth based on the intensive use of the scarce water resources in the area and the contribution of river flows from the hydrographic basin of the Tagus River to the hydrographic basin of the Segura River. Despite high levels of efficiency in the water use from the new irrigation systems, the water deficit has only intensified in recent years. The most dynamically irrigated areas (Campo de Cartagena, Valle del Guadalentín, Vega Alta del Segura and the southern coast of the Region of Murcia), were faced with a complex and trying future, resulting in numerous companies (agribusinesses) relocating to lease and acquire land in the northwest of Murcia to develop their intensive crops. The general objective of this article lies in the analysis of widespread landscape dynamics, and of agricultural dynamics in particular, in the rural environment of the northwest Region of Murcia (Spain). For this, an exhaustive analysis of the land cover and use transformations is carried out for the periods of time 1990–2000–2012–2018. The data studied come from the Corine Land Cover (CLC) project, carried out by the European Environment Agency (EEA). These spatial data are treated with geographical information systems (GISs) and represented by statistical and cartographic analyses and cross-tabulation matrices that indicate the dynamics of changes, loss and land gain. As the main result, we find that the areas occupied by new intensive irrigation on old rainfed farmland in the northwest Region of Murcia have increased in the last 30 years. Traditional irrigation is disappearing, and the environmental consequences (overexploitation of aquifers and decreased flows from natural sources), among others, are dire.
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1. Introduction


Agriculture is the sector that consumes the most water and at the same time is the most affected by the scarcity of water in many places; it represents 70.0% of the world’s freshwater withdrawals and more than 90.0% of its consumption [1,2]. Agriculture is responsible for just over 80.0% of the hydrological footprint in Spain [3]. According to United Nations forecasts, by 2030, freshwater resources will decrease by 40.0% [4]. This fact, together with the increase in the world population, could generate a global water crisis. In this way, policies must be directed towards the sustainability of agricultural activities and the reduction in water consumption by crops [5].



The southeast of the Iberian Peninsula is undoubtedly the climatic region in Spain where avant-garde agriculture is most significant [6,7,8]. Throughout the second half of the 20th century, and particularly over the last three decades, innovation and new technologies have made overcoming the disadvantages of the climate possible. Scarce and irregular rainfall have led to a shortage of its own water resources. Today, those who follow new agricultural production systems, whether in greenhouses or in the open air, with high-frequency localised irrigation, crave water brought in from considerable distances (The Tajo–Segura Aqueduct), but not rain in situ, which stains the fruit, favours pests or causes damage in greenhouses. Thus, from this perspective, the scarcity of rain becomes an advantage for this new agriculture [9]. However, the water deficit has intensified in recent years, as irrigated areas continue to increase [10].



The scarcity of water resources has predominantly been defined as an emergency situation in the Spanish Southeast, a climatic region with semiarid characteristics which is in agreement with an overall traditional approach to water policies. It is also true that more or less at the same time as the WFD (Water Framework Directive) was published, a new, albeit limited in scope, trend started emerging. This new approach integrates the scarcity of water resources into planning policies and incorporates risk assessment as one possible scenario. The context within which this new approach developed was no longer characterised only by the traditional water policy paradigm reflected in the LPHN (National Hydrological Plan Law) (Ley 10/2001, de 5 de julio), the most emblematic infrastructure of which was the so-called “Ebro water transfer” [11,12]. During the late 1990s, a regionalist paradigm—characterised by the political use of water resources by different regional governments (Region of Murcia, among other Autonomous Communities), and a new water culture paradigm, which aimed to change traditional policies—also emerged [13,14], facilitating a change in the general direction of water policy [15], as represented by the publication of the AGUA (Actions for the Management and Use of Water) programme in 2004 [16,17,18]. Without abandoning the traditional objective—the generation of new resources, the programme stresses the importance of water treatment, reuse and the construction of large desalinisation plants, instead of large hydraulic infrastructures that promote inter-regional conflict. Despite the different policies and actions, the demands for water resources exceed the supply generated [19].



New irrigation methods, carried out primarily in localised irrigation, position southeast peninsular Spain among the areas with the highest agricultural income in Europe [10], although the aforementioned cultivation procedures have had a major impact on the economy and the landscape [20].



This avant-garde agriculture, which includes horticultural and fruit production, has radiated from the coastline to inland areas [8]. Procedures of this nature, with the notable participation of agricultural transformation societies (agribusinesses), have caused radical changes in the rural landscape, agricultural structures and farming systems of the affected areas, with the spread of advanced techniques and the introduction of new species and varieties [20,21,22].



A noteworthy aspect to mention is the unfavourable environmental impact of avant-garde agriculture. In the areas analysed, one of the impacts with the greatest repercussions may be the deterioration of groundwater due to the overexploitation of aquifers [23], but the damage caused to the soil by the fertigation system is also notable [24,25]. A solution to the problem of the elimination of waste materials, especially plastics, due to their nonbiodegradable nature is needed [26].



Current water policy and how this unfolds into the concentration of water rights in the southeast of Spain is a particular manifestation of what Harvey [27] calls accumulation by dispossession. His thesis is driven by two observations: (i) first, the chronic tendency within capitalism to produce crises of overaccumulation (to absorb surplus, capital pre-existing but hither to untapped markets are targeted, or new markets created); (ii) second, because capital continuously seeks to expand, and it needs territory. In agreement with Harvey, the neoliberal compulsion to privatize, liberalize, and deregulate shows that a new round of “enclosures of the commons” is a clear objective of policies [28].



According to Ahlers [29], “water management involves not only an understanding of its quantity and quality, but of the complex relationship between the social, economic, and political context with its biophysical materiality”. Water scarcity may be induced by biophysical changes in the hydrological cycle [30] but is also a consequence of the historic and contemporary social relations and transformation in the struggle for control over water [31,32]. Human activity and nature form a process of negotiation, shaping landscapes which are dynamic and continuously contested because the process is constituted by, and simultaneously constitutes, the political economy of access and control over resources [33].



On the other hand, and according to Subra [34], we can consider some local conflicts as a global geopolitical conflicts. In many cases, local conflicts are the effect of ecological discourse, which constantly connects the local and the global levels (think globally, act locally). Of course, the dimensions of the territory concerned, or its scale, plays an important role. However, a geopolitical conflict occurring in a small territory could effectively be classified as external or international geopolitics in the most striking sense of the term, as is the case of the numerous conflicts generated in southeastern Spain due to the scarcity of water resources, the increase in the irrigated area and the constant demand for water resources from other hydrographic basins with an international character (Tajo river basin) [35,36,37]. In these cases, the economic value of a small territory could make it an international issue. The intensity of geopolitical rivalries over a territory therefore has little to do with its surface area, except in cases where the small size of the territory is used as an argument to justify a geopolitical strategy. In the case study that concerns us, the excellent quality of groundwater attracts international companies to expand their irrigated lands, since their traditional irrigated areas are under enormous ecological and sociopolitical pressure [38,39,40]. Land use changes towards intensive uses constitute one of the dimensions of global change linking the local, regional and global levels. Although the loss of natural ecosystems has been the main concern, the disappearance of traditional agrosystems and cultural landscapes as a consequence of urban sprawl, growth of infrastructures and intensive irrigation is receiving increasing attention [41]. However, to tackle these losses of ecosystem services, work must be done locally. In this sense, and according to Alcon et al. [42], to increase the acceptability of a more ecological policy would imply translating to the farmers good and simple information to reduce the gap between the real and perceived cost of the specific agricultural measures that should be established in each case.



The regional economic development model cannot be understood without taking into account irrigated agriculture and its binding relationship with water availability [43]. In this mainly semiarid territory, the need to guarantee efficiency in agricultural water uses has been a constant that has led to the progressive modernisation of irrigation systems [44]. However, the total demand for water in the Segura River Basin has increased to exceed the limits of existing natural resources, leading to a structural water deficit with an unsustainable trend [45].



The most apparent territorial consequence of the agricultural development discourse in the Region of Murcia is summed up by the rapid expansion of the surface area conditioned to establish irrigated crops [46,47]. New reconditioning for irrigation has been carried out in territories where low-intensity rainfed agriculture was practised or remained uncultivated, so that the new use requires important reconditioning for plains and foothills, creating an artificial topography according to its requirements. New intensive farming landscapes quickly replace traditional farming landscapes [48]. This is the case for the lands dedicated to open-air crops in sectors of the northwest of Murcia, which are particularly mobile.



That said, in the northwest of the Region of Murcia, not everything is reduced to physiognomic modifications, because they manifest new and varied socioeconomic dynamics. First of all, the new irrigated areas have very tough competition regarding traditional orchards, whose smallholding structures have not been able to compete with the new highly technical farms [49]. Gradually, the presence of large agricultural production and marketing companies, mainly Spanish capital, have established themselves. It could be thought, in principle, that these new agricultural economies contribute significantly to the growth in income and jobs, as has happened in other nearby coastal and pre-coastal areas. However, this has not been the case. The labour needs were initially met with native workers, but soon they were gradually replaced by contingents of immigrants (mainly from the Maghreb and Ibero-America) residing in nearby cities such as Lorca, Totana, Fuente Álamo, or Cartagena who come by bus and return at the end of their working day [50]. Additionally, companies do not pay high taxes for the exploited farms, since for the most part the occupied lands continue to be registered as rainfed farms in the land register records.



1.1. Objective


The general objective of this study is to reveal the transformation of the landscape in the northwest Region of Murcia over the last three decades (1990–2018), especially as a consequence of the installation and increase in intensive irrigated crops. This study focuses, in essence, on analyzing the recent evolution of coverage and land use in the northwest of the Region of Murcia during the indicated period, the transitions and spatial dynamics between the coverage and land use, and the evolution of temporary irrigation crops.




1.2. Justification and Interest in the Investigation


It is clear that in this territory, as well as a continued growth of new irrigated areas, there has also been a disappearance of traditional orchards. In this sense, there is a recognition and a growing social demand regarding the need to conserve these traditional irrigation systems for their productive, environmental and cultural values [51,52,53].



Recently (March 2018), representatives of the four main original irrigation zones in the Segura river expressed their discontent to the then Minister of Agriculture for the creation of new intensively exploited farms that monopolise water resources in an opaque way1. This situation can collapse large areas of social irrigation, where family farms are abandoning agricultural activity.



The controversy generated in the northwest region about the disappearance and/or decrease in the river flows from their sources and springs also justifies the proposed investigation [23]. This dynamic is creating numerous conflicts with the farmers and the inhabitants of towns in the northwest of Murcia, who refuse to be “the emergency solution” of predatory regional socioeconomic development with its underground water resources [54,55]. Many examples of these protests come from ARECA (The Association of Irrigators of Caravaca)2. In a recently published article in “El Noroeste al Día” (Collaborative Portal of Northwest Murcia and the River Mula Counties (Murcia Region))3, this association expresses the following:



“The extraction of groundwater and the unstoppable illegal or uncontrolled transformation of rainfed to irrigated land, can destroy the sources and springs of the northwest. The overexploitation of the water reserves of the northwest of Murcia is already very evident, the consequence is the gradual decrease in the river flows in all its water sources, which have lost around 60.0% compared to the river flows existing in the early 1990s”.



Furthermore, on 18 April 2018, in the regional newspaper La Verdad the following news was published: The farmers will create a Council for the Defense of the northwest of Murcia, whose objective will be to “safeguard the natural heritage”4. ARECA denounces that the illegal transformation of rainfed land to intensive irrigation “has been especially high since 1990. All in all, we could be talking about estimates of more than 2000 hectares, without any type of control”.



We cannot forget that according to numerous models, the consequences of climate change could aggravate the deficit of available water resources. The effects of climate change are increasingly evident throughout the world, with regions experiencing water shortages presenting the greatest vulnerability. The Mediterranean area is expected to be highly vulnerable given its unbalanced distribution between the availability of water resources and the existing demands [56,57,58,59,60,61]. In this context, the notable increase in irrigated areas in recent decades leads to an increase in the existing water deficit and numerous problems regarding the overexploitation of aquifers [61].



In short, it seems opportune that during the current hydrological planning cycle (2015–2021)5, efforts are increased to reverse these trends of expansion of the surfaces of new irrigated areas, forcing a reduction in the quantitative and qualitative pressures on bodies of water, and surface and underground water. The new post-2020 CAP (Common Agricultural Policy) should help meet the agricultural and environmental challenges in the short and medium term, to which irrigation must adapt.





2. Materials and Methods


According to Stake [62], there are two main ways to approach an investigation: one oriented to measurements and the other to experience6, both of which enrich the understanding of the reality analysed. Furthermore, as claimed by Salkind [63], the analysis of data should provide a broad picture of the phenomenon that is interesting to explain, without forgetting that understanding the descriptive nature of an event is as important as understanding the phenomenon itself—for this reason it is not possible to evaluate or appreciate the progress that has been made without understanding the context in which such events took place.



The progress made in recent years by the GIS—geographical information system—together with the opening of geolocated databases, has motivated the development of projects that seek to investigate changes in coverage and land use [64]. The detail and reliability achieved by spatial data, generated through satellite images, make it possible to carry out analyses of territorial and landscape dynamics with a very high degree of precision [65]. The availability of temporary series offered by the main territorial data sources facilitates the comparison of changes in the coverage and land uses experienced in a specific territory [66].



Among the different sources that disseminate geo-referenced spatial information, this study draws on territorial data provided by the European Environment Agency (EEA), in its Corine Land Cover (CLC) project. The reasons for the use of this remote information source are the homogenisation of coverage and the breadth and updating of the space–time series provided.



To analyse the different territorial changes, the project compares the evolution of land cover between different time periods (1990–2000–2012–2018). For this, the spatial information (in vector format) obtained from the CLC project was processed using GIS software (ArcGIS 10.3 and Qgis 3.6.2) (Figure 1). The initial step consisted of filtering the data from the CLC project and thus adapting it to the analysed study area. Once the spatial information corresponding to the study area was obtained, the representation of the data was transformed, going from a vector format (polygons that represent the coverage and land use) to a raster (a board of pixels that acquire a value depending on the coverage or land use that they symbolize). When this geoprocess was executed, the spatial delimitation the study area (in this case the northwest Region of Murcia) was available, fragmented into a mesh of regular cells of a pre-established size (10 × 10 m, 100 m2).



Later, the 25 classes of land uses initially existing in CLC were grouped into six types in the reclassification process: (1) Artificial, (2) Permanent irrigation, (3) Temporary irrigation, (4) Other agricultural uses, (5) Forest and (6) Bodies of Water. In order to carry out a deep analysis, agricultural uses were divided into three different categories. Category 2 includes permanently irrigated land. Category 3 (temporary irrigation) includes vineyards, fruit trees, rice fields and olive groves. Finally, Category 4 (other agricultural products) covers rainfed agricultural land, grassland and heterogeneous agricultural areas.



Finally, the evolution of the data (rasterized and reclassified) between the different time periods studied was obtained by contrasting them with the Semi-Automatic Classification Plugin (SCP) tool [67].



The information obtained from this process was expressed through the use of cross-tabulation matrices or transition matrices, a method proposed by Pontius et al. [68] to analyse maps of land use among two temporary periods in order to detect the most significant changes between the different land uses (Table 1).



The matrix represents the ground cover during the first period (Time 1) in rows, and those of the second period (Time 2) in columns. Pij represents the proportion of land use that changes from category i to category j. Pjj, on the diagonal, indicates the persistence ratio of category j, while the other cells indicate a transition from category i to a different category j. Furthermore, the losses are expressed as the difference of category i between Time 1 and Time 2. The gains are expressed as the difference of category j between Time 1 and Time 2.



The described methodology is configured as a powerful instrument of analysis that allows us to understand the spatial transformation experienced between two specific moments in time, and to undertake effective territorial planning policies.



The proposed methodology would help in any other area with similar problems to effectively understand the changes in land use that have occurred, and thus try to make the best possible decisions to achieve a most sustainable development.




3. Study Area


The study area has an area of 2378 km2. A series of geographic circumstances are decisive in explaining the outstanding diversity of the territorial landscape mosaic in the northwest Region of Murcia, its singularities and its ecological coherence. Undoubtedly, water is, along with large landforms (Figure 2), a defining and identifying element of the landscapes of the territory being studied. Forest landscapes show a greater stability. This is the result of special biogeographic conditions, defined by the location of the territory in an area of climatic transition between the Mediterranean and continental environments, which is combined with great complexity and orographic and lithological diversity. It is pertinent to highlight the ecological value of these forest areas, with vegetation adapted to the particular conditions of the territory. These mountainous lands constitute a fundamental part of the local identity and are highly valued by the resident population.



The area studied presents a very abrupt, steep relief in the area of the headwaters of the main rivers, with the presence of mountain systems that, in the extreme north and northwest, exceed 1500 m in altitude. The average altitude is high, standing at 1050 m above sea level.



The rivers and streams or existing torrents are not only channels of an important natural resource such as water, but they also constitute rich ecosystems with very diverse values: ecological, landscape, cultural, etc. These are mostly sporadic water courses, which bridge steep slopes and transport water after heavy rains. These river landscapes are shaped as intermountain corridors that facilitate the connection between different mountain areas or between these areas and the nearby plains. While maintaining an outstanding natural character, they host a greater number of interventions of anthropic origin.



It is necessary to highlight a recent process, but of clear importance to the landscape: the pressure of agricultural use on land occupied by natural vegetation. The ploughing of nonagricultural lands for plant crops constitutes a transformation that breaks with the dynamics of reduction in the ploughed area that has been seen in recent decades, due to the low profitability of rainfed crops (Figure 3). In fact, in areas not affected by the development of intensive irrigated agriculture, the most frequent have been processes of abandonment of the less productive terraces that have come to be colonised by natural plant formations.



The study area has a large number of springs and seeps of water. The springs constitute fundamental enclaves in the configuration of the landscapes. They reveal the natural drainage points of the aquifers, frequently support wetlands and aquatic ecosystems, and have historically linked numerous settlements that have emerged under their protection, providing basic services such as a water supply to the population. In general, the quality of its water is excellent and the overexploitation of its aquifers has been scarce until a few years ago, unlike what happened with the coastal and pre-coastal hydrogeological units in the Region of Murcia, which are highly overexploited. This low overexploitation is due to the fact that the pressure and intensity of agricultural activities has been less than in other regional areas. Nevertheless, in recent years a clear increase in the irrigated area has been taking place (Figure 4 and Figure 5), which causes a significant negative impact on the aquifers of this territory [69]. The protected natural lands (Site of Community Importance (SCI) and Special Protection Area for wild birds (SPA) (Figure 6) are of great importance in this territory, occupying a total of 691.0 km2 (29.0% of the territory).




4. Results


4.1. Recent Evolution of the Coverage and Land Use in the Northwest of the Region of Murcia (1990–2018)


Regarding land use, three main types can be distinguished: natural, agricultural and urban-industrial. The main use is natural (forest), representing around 56.7% of the total area. It is made up of wooded, shrubby and subshrub formations. Agricultural use constitutes around 28.5% of the territory and can be found in the valley areas and in the alluvial fans and glacis of quaternary origin. The proportion of land dedicated to rainfed and irrigated crops is similar, although in recent years, as already mentioned, there has been a notable increase in irrigated areas. Currently, fruit trees (cherry, peach and apricot trees) are the main irrigated crop, as cereals and almonds are on rainfed land. Urban and industrial areas only represent 5.0%.



Firstly, the temporal evolution of land use distribution (Table 2) is presented with the aim of evaluating the transformations that have taken place and in which period they have been most intense. Between 1990 and 2000, the changes are insignificant. The most important changes took place between 2000 and 2012, coinciding with a decade of great economic expansion until the economic crisis started in 2008. During this time period, the most notable increases are shown in the categories of permanent and temporary irrigation, with the increase in the permanent irrigation area that doubles its surface being especially significant. One of the causes of this spectacular growth lies in the transfer of agricultural enterprises from the pre-coastal valleys to the interior lands of the Region of Murcia, taking advantage of the greater availability of water resources in this territory. Between 2012 and 2018, there is a transfer of surface area from permanent to temporary irrigation, which in turn is occupied by fruit trees.



The effects generated by the urban expansion of the pre-existing settlements, the projection of new residential and industrial complexes and, above all, the proliferation of large areas of intensive cultivation, has led to a soil mutation that must be analysed. It is important to highlight that the artificial surface is very small in this territory, in comparison with the nearby municipalities of the Mediterranean coast. In 1990, the northwest of Murcia had just over 10.0 km2 of artificial soil. Three quarters of this small area was concentrated in the municipalities of Cehegín and Caravaca de la Cruz (Table 3).



The meager spatial dimension of the coverage made up of urban fabric contrasts with the development of agricultural and forest use. This discrepancy shows the marked rural character of the analysed land. In 1990 more than half of the regional land was occupied by forest mass, reaching 67.5% in the Moratalla municipality, 58.2% in Cehegín, and 52.5% in Calasparra (Figure 7).



In 1990, cultivated land occupied 44.4% (1056.5 km2) of the total area. Among the different agricultural typologies, rainfed agriculture stands out (included in the category “other agriculture”), with a total of 886.8 km2. This type of cultivation represents 83.9% of all agricultural land and is most clearly developed in Caravaca de la Cruz, a municipality in which, at the end of the last century, occupied half of the local area (429.5 km2).



The mutation of techniques and contributions in plantations meant that, between 1990 and 2018, the permanently irrigated cultivation area went from 24.4 to 59.6 km2, and the temporary irrigated area from 145.3 to 237.9 km2. This development occurred thanks to the occupation of land traditionally cultivated by rainfed plantations. Most of the rainfed land losses are located in the municipality of Bullas, which went from having almost fifty square kilometres occupied by this type of agriculture in 1990, to less than 10.0 km2 in 2018 (a decrease of almost 80.0%) (Table 4).



On the other hand, temporary irrigation shows the greatest increase. Within this category, fruit trees represented the majority of the surface, with a total of 211.3 km2 in 2018. These are distributed homogeneously in all the municipalities, although they have a greater presence in Bullas, Cehegín and Moratalla. Yet, rice fields make up an area of 8.1 km2, most of which is located in the municipality of Calasparra, which has one of the three protected designations of origin (PDO) for rice fields in Spain—the PDO Calasparra rice. Vineyards occupy an area of 9.3 km2, 84.9% of which are located in the municipalities of Bullas and Cehegín, and which are part of the PDO Bullas. Finally, olive groves have an area of 9.1 km2, with the municipality of Moratalla encompassing a larger area. Between the years 1950 and 1990, the area occupied by olive groves in the Region of Murcia was reduced considerably (−25.0%), but this decline had its lowest incidence in the municipality of Moratalla [70].



Bullas is the municipality with the greatest development of temporarily irrigated plantations, as it represents an increase of 321.4%. Calasparra provides an increase in the temporarily irrigated area of 180.3%, thanks to the presence of the Río Segura river and its traditional rice production (Figure 8). Cehegín also shows a notable increase in the temporary irrigated area (44.1%). Moratalla and Caravaca hardly increase their temporary irrigated area. The climatic and orographic conditions play a fundamental role in this distribution, since due to the higher average altitude, the municipalities of Moratalla and Caravaca are more vulnerable to the risk of frost.



Artificial land doubled its surface, forming the typology that experienced the second greatest increase in relative terms (91.3%). This fact explain, to a large extent, the development in the region of the marble limestone industry, with a dual purpose: extraction, and cutting and preparing the pieces for use by the construction sector [71].



The municipalities most affected by urban development are Calasparra (241.0%) and Caravaca de la Cruz (112.1%). However, one should not disregard the high burden of the artificial surface reached in Cehegín (6.5 km2). Nevertheless, the Spanish real estate boom, between 1997 and 2007, had little impact in this territory, unlike what happened in the municipalities of the Mediterranean coast and the areas adjacent to the most dynamic cities (Murcia, Cartagena or Lorca).



The area occupied by forest cover and bodies of water has hardly changed. Reforestation, especially in Calasparra and Bullas, has contributed to a slight increase of 2.3% in the surface of this category. For its part, the aforementioned increase in exploitation to which water resources are subjected, together with long periods of low water and the moment in which satellite images are taken, by which spatial data are estimated, determines the slight decrease in the surface occupied by bodies of water (Figure 9).




4.2. Transitions and Spatial Dynamics between Coverage and Land Use


In this section we contrast the changes that have occurred through a comparison by time pairs. Thanks to the analysis of the cross-tabulation matrix (Table 5), the spatial transitions that have occurred between the different territorial uses are examined: artificial (1), permanently irrigated agriculture (2), temporarily irrigated agriculture (3), other agricultural uses (4), forestry (5) and bodies of water (6). The figures reveal the total area gained and lost by each coverage, obtaining values that are represented cartographically.



Over the period which was analysed, the urbanised area which occupied 11.6 km2 only lost 2.0 km2. In total, 50.9% of the captured artificial surface came from rainfed crops; 30.2% was forest mass; the remaining 18.9% was irrigated agricultural land (regardless of the frequency of water contributions).



Most of the spatial area acquired by forest cover (90.8%) belonged to rainfed plantations (100.4 km2), both constituting the only categories that have yielded land in favour of the slight expansion of bodies of water (0.3 km2). This water coverage continued to be stable, persisting with 88.0% (2.2 km2) of the surface declared in the first year examined (1990).



The entire cultivated area has increased by 295.0 km2, and more than half is divided between temporarily irrigated land (142.5 km2) and other crops (105.6 km2). As previously mentioned, it is worth noting the incredible development of crops with temporary irrigation in the municipality of Bullas (322.1%), and permanently irrigated crops in Caravaca de la Cruz (117.5%). Within the category of temporary irrigation, fruit trees represent the majority of this increase, since between 1990 and 2018 there has been an increase of 91.9 km2. Calasparra (+358.2%) and Bullas (+314.7%) are the municipalities that show the greatest change. Regarding permanent irrigation, although there has been an increase in all municipalities, it should be noted that the municipality of Caravaca has the majority of this expansion; in this district or municipality there has been a spectacular growth in the surface of horticultural crops (lettuce, broccoli, chard, etc.), with very high water needs and the consequent overexploitation of aquifers.



The meteorological conditions marked by the altitude at which the western area of Moratalla is located, together with the large amount of surface that has some type of Site of Community Importance, SCI, and Special Area of Conservation, SAC, to determine the low presence of intensive crops, an aspect for which the use of traditional rainfed agriculture still prevails and there has been no significant transformations (Figure 10). In fact, the municipality of Moratalla, despite being the largest municipality, is the one that has lost the least area of rainfed crops. In this municipality, rural landscapes are a fundamental tourist resource [72]. In its territorial area, the cultivation of aromatic plants, such as lavendin or lavender, has boomed in recent years. These crops are part of the productive reconversion towards agroecology that is emerging in the northwest Region, which is constituted as a viable alternative to sustainable management in the use of water for irrigation, in a context of a semiarid climate [73].



The notable expansion achieved by plantations with water needs derives from the change in the land exploitation system, with the transformation of 124.6 km2 from rainfed land to temporary irrigation and 41.6 km2 from rainfed land to permanent irrigated crop. The sum of these exchanges between agricultural areas causes the rainfed cultivation area to acquire the greatest spatial decline observed (272.6 km2). This decline is especially noticeable to the south and east of the region (Figure 11).



The corresponding graphic represents the total balance of profit and loss and reveals the true development of each one of the analysed categories (Figure 12). In this sense, we can see the huge decline experienced by the category labelled as the rest of agriculture (167.0 km2). This collapse contrasts with the important gains made by the irrigation crop, especially when staggered (92.6 km2).



Finally, it is worth noting the significant increase in the area occupied by forest mass (29.7 km2), the contained evolution of the artificial area (9.6 km2) and the negligible spatial decline of the bodies of water (0.1 km2).




4.3. Evolution of Temporary Irrigation Crops


Among the three agricultural categories studied, it is interesting to analyse the evolution experienced, during the last three decades, by the different temporary irrigation crops because it is the category that has experienced the most notable change. In spite of conforming an agricultural typology that lacks the need to maintain a permanent water supply, the water demands requested for the correct development of the production of each of the crops in this category are different. In this sense, the amount of water required to plant fruit trees, rice or vineyards differs from that required for olive trees, which is the type of crop that requires the least amount of water.



The fruit tree is the most widespread type of temporarily irrigated crop in all municipalities. In 2018, this tree category occupies about 88.8% of all the agricultural area temporarily irrigated (211.3 km2). The development of this crop makes up, throughout the observed time series, practically all of the increase in ephemeral irrigated land (Table 6). Fruit trees are the temporarily irrigated crop that consume the most water and therefore their notable increase in the last three decades leads to an increase in the overexploitation of aquifers.



A third of the fruit trees planted in the study area at the beginning of the last decade of the last century are located in Cehegín. Although the representation exercised by this crop in this municipality loses weight over the years, the town with the largest area of fruit of the treated area (55.9 km2) was found in 2018. Among the different municipalities where this crop is present, Bullas has experienced the most remarkable spatial expansion, with an increase of more than 33.9 km2 (320.6%) between 1990 and 2018. One of the facts that contrasts the agricultural data of the two periods taken is the specialization that registers, at the beginning of the series, some municipalities in the production of one or two concrete cultures, and the multiproductive diverisfication that is appraised at the present time. Thus, practically all the temporarily irrigated crops in Caravaca and Bullas (1990) corresponds to fruit trees (Figure 13).



Of the crops studied, rice is the one with the greatest need for water, so its territorial opening is very limited and is also limited to the plains of the Segura river only. In this context, rice practically occupies the same area. Thus, the availability and presence of the continuous course of water of the Segura river means that Calasparra and Moratalla constitute the only municipalities with this type of production. However, the production dynamics experienced during the last years by both localities demonstrates the setback that the culture of this food has undergone in Moratalla, and the development acquired in the regional rice municipality par excellence (Calasparra). The impulse noticed in Calasparra has not been sufficient, and the regional surface planted of rice has decreased more than 21.0% in the last decades. Something similar happened with the olive trees, a product that was initially taken care of almost exclusively in Moratalla and, in spite of expanding to the rest of localities (except Bullas), its presence decreased by 15.1% (Figure 14).



Finally, the crop that occupies the smallest area in 1990 (vineyard) almost doubles its extension in 2018, spreading to all municipalities except Calasparra. The present production of vine has been diversified, with varieties oriented as much to the consumption of wine as of table grape. Regarding the fruit trees, the Cehegín host in 1990 had 88.0% of its soil covered by vineyards. The area occupied by this crop in this town increased to over 5.2 km2 (2018). In spite of this, the representation that supposes the surface of this culture in Cehegín decreased until being placed slightly above 50.0% of the total sowed space.





5. Discussion


The spatial dimension of sustainability is generating increasing interest from both scientific and social perspectives. The northwest of the region has experienced, over the last three decades, an unprecedented process of territorial transformation [74]. The abundant underground water resources and the large extension of undeveloped rural land (in terms of economic profitability) has served as an element of attraction for a large number of agricultural and real estate companies [75]. The presence of companies dedicated to various sectors has generated fierce competition for the control and exploitation of a land used, historically, in the traditional cultivation of orchards and rainfed land [49]. The strength of intensive agriculture has displaced the traditional use of land.



The leasing of land by large agro-export companies encouraged the use of agricultural land, with the insatiable water exploitation of the area. This fact caused a change of scenery, with the indiscriminate spread of crops irrigated permanently and temporarily.



According to [76] the imbalance between the resources and the demand has been caused by the expansion of irrigated areas, the emergence of illegal new irrigated lands and pumping wells, the increase in energy cost and the bad management of water use rights by the public water administration. In addition, climate change and frequent droughts in this semiarid region aggravate the situation. As a consequence, many aquifers are being overexploited [77]. In this sense, the fulfilment of the “good ecological status” objectives set by the Water Framework Directive, with a deadline of 2027, will be a difficult task for water managers.



The increase in new irrigated land is not exclusive to inland areas near the coast [78,79]. Additionally, in practically all cases, farmers, experts and managers are trying to adopt measures to reduce environmental and social impacts, minimizing the loss of agricultural productivity, of course.



The general objective in the analysed cases is to create an integrated and integral management system of the aquifers. Integral management means that both supply and demand management are considered, including the socioeconomic and environmental perspectives. The concept of integrated management implies that the process must involve the majority of economic and social agents affected [80,81,82].



In the Region of Murcia, [83] developed a new irrigated lands dynamic model, that includes five sectors: Irrigated Lands, Profitability, Available Space, Water Resources and Pollution. The dynamic model simulates the environmental effects regarding water consumption with reference to aquifer levels, natural outflows through springs, piezometric levels and aquifer water salinity. The exploration of scenarios shows that current policies based on the increase in water resources do not eliminate the water deficit problem because the feedback loops of the system lead to a further increase in irrigated land and continuation of the water deficit. In the Southeast of Spain, the increase in irrigated areas does not seem to have an end.



Returning to our concrete case study, mountainous rural communities have traditionally managed their land extensively, resulting in land uses that provide important ecosystem services for both rural and urban areas. According to [84], land use intensification results in economic development but is not enough to prevent population loss, and has a negative impact on both the water supply and on aesthetic services (landscape). The authors conclude that more proactive management policies are needed to mitigate a loss in ecosystem services. They propose a simulation model that may facilitate the choice of land use planning policies, contributing therefore to a more integrative and sustainable management of rural communities.




6. Conclusions


Obviously, the areas occupied by new intensive irrigation on old rainfed farmland in the northwest Region of Murcia have increased in the last 30 years. In the Region of Murcia, there is a traditional ambition (a desire which coincides with the title of this article) for the continuous increase in irrigated areas. However, the success of the new installed fruit and vegetable model is not without contradictions and tensions that are expressed as negative environmental- and social-outsourced needs. In its industrial development, it tends to move towards the reduction in natural biodiversity, dislodging and eliminating forms of life not directly linked to productivity. Its expansionary trend have also led to an unlimited use of basic natural resources such as soil and water, generating social, environmental and political problems. The continuous growth of the water needs of the agro-industrial model, despite improvements in the efficiency of water use, is generating temporary deficits not noticed by traditional farmers until a few years ago.



The development of management tools that can harmonize the exploitation of water resources with the sustainability of the reserves is the objective that the administration and agricultural entrepreneurs must agree on.



Given this conflictive situation, it is necessary to propose strategies for the progressive reduction in these new irrigated areas with little social and environmental commitment. In this sense, we propose a series of criteria to identify where a strategy in irrigation reduction is necessary:




	
Water limitation criteria: we propose applying indicators such as the Water Exploitation Index (WEI)7 and others.



	
Profitability criteria: we suggest evaluating the profitability of irrigation after incorporating environmental costs.



	
Environmental sustainability criteria: we recommend continuously analysing indicators on the quality status of water bodies, applying the Water Framework Directive. Likewise, we propose constantly examining indicators of circulating flows and even indicators of other impacts related to the energy balance or to the analysis of the life cycle of products.



	
Territorial sustainability criteria: we propose identifying irrigation systems located outside their areas of vocation or natural aptitude and to recognise the need to preserve crops with high cultural and environmental values (particularly traditional irrigation systems with a high diversity and mosaic crops). Being located in or not in the territory of the owners of agricultural companies may constitute another factor for the assessment of this territorial dimension.



	
The social viability criteria are a more open and complex question. Obviously, it is not easy to precisely define what is considered irrigation for social interest. Therefore, it is perhaps more useful to replace this concept, which may be ambiguous, with more specific operational criteria, such as the impact on local employment, the distribution of costs and benefits, or the identification of irrigated areas with high social conflict. In this sense, irrigation with high environmental costs and a low social profitability (large landowners, little distributed wealth, low-quality temporary employment) would be a candidate for a reduction in the irrigated area.








Finally, we believe that there is an urgent need to update the land registry of agricultural areas in order to carry out a fiscal adjustment of the lands transformed from rainfed land to irrigated and new farms that have emerged in recent years.
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Caravaca: municipality of the Region of Murcia located in the Northwest region.
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Available at: https://www.elnoroestealdia.com/index.php?option=com_content&task=view&id=31309&Itemid=253.
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Diario (Newspaper) La Verdad (18 April 2018): http://soydecaravaca.laverdad.es/actualidad/denuncian-transformacion-2000-20180418010843-ntvo.html.
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Royal Decree 1/2016 of January 8 (BOE of 19 January 2016), which approved the revision of numerous Hydrological Plans of different river basins, including the river basin zone of the Segura river. More information at: http://www.chsegura.es/chs/planificacionydma/planificacion15-21/.





	6
	
Most commonly reported as quantitative and qualitative.





	7
	
The WEI index (Water Exploitation Index) is used as an indicator of the pressure that water extraction exerts on available water resources, and allows identification of the areas most likely to suffer water stress. This indicator is calculated as the quotient between the average annual freshwater withdrawal and the long-term average of the available resource. A result above 20.0% indicates the presence of water stress, and greater than 40.0% a strong competition for water with difficulty in maintaining associated ecosystems.












[image: Land 09 00314 g001 550] 





Figure 1. Methodology for the treatment of spatial data (flow diagram). Source: Authors. 






Figure 1. Methodology for the treatment of spatial data (flow diagram). Source: Authors.



[image: Land 09 00314 g001]







[image: Land 09 00314 g002 550] 





Figure 2. Study area. The northwest Region of Murcia: altimetry, hydrographic network, municipal and provincial limits. Source: Authors. 
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Figure 3. Surface of almond cultivation in rainfed land (Archivel, Caravaca de la Cruz). An old semiabandoned farmhouse can be seen and, in the background, the Sierra de Mojantes (1615 masl). Source: Authors. 
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Figure 4. Surface of newly irrigated land (grapes) on the foothills of the Sierra del Gavilán, declared as a Site of Community Interest (LIC) (Archivel, Caravaca de la Cruz). The roads have been conditioned for the entry and exit of heavy load vehicles. Source: Authors. 
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Figure 5. Old agricultural area of a traditional vegetable plot conditioned for the intensive cultivation of lettuce and broccoli. Archivel, Caravaca de la Cruz. Source: Authors. 
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Figure 6. Spatial distribution of protected natural lands. (LIC: Sites of Community Interest, and ZEPA: Area of Special Protection for Birds). Source: Authors. 
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Figure 7. Land use, 1990. Source: Corine Land Cover. 
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Figure 8. Coverage and land uses 2018. Fuente: Corine Land Cover. 
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Figure 9. Evolution of the surface occupied by coverage and land use (1990–2018). Source: Corine Land Cover. 
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Figure 10. Gains from cultivated areas as a function of agricultural use (1990–2018). Source: Authors. 
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Figure 11. Loss of cultivated area as a function of agricultural use (1990–2018). Source: Authors. 
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Figure 12. Spatial dynamics of land cover and use according to categories (1990–2018). Source: Authors. 
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Figure 13. Spatial distribution of temporary irrigation crops (1990). Source: Authors. 
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Figure 14. Spatial distribution of temporary irrigation crops (2018). Source: Authors. 
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Table 1. Cross-tabulation matrix.
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Time 2

	
Total Time 1

	
Loss




	
Category 1

	
Category 2

	
Category 3






	
Time 1

	
Category 1

	
P11

	
P12

	
P13

	
P1+

	
P1+–P11




	
Category 2

	
P21

	
P22

	
P23

	
P2+

	
P1+–P22




	
Category 3

	
P31

	
P32

	
P33

	
P3+

	
P3+–P33




	
Total Time 2

	
P + 1

	
P + 2

	
P + 3

	

	




	
Gain

	
P + 1−P11

	
P + 2–P22

	
P + 3–P33

	

	








Source: Pontius et al. (2004).













[image: Table] 





Table 2. Temporal evolution of land use distribution (Corine Land Cover (CLC) 1990, 2000, 2012 and 2018).
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	Surface (Km2)
	
	





	Land Use
	1990
	2000
	2012
	2018



	Artificial
	10.5
	13.7
	19.3
	20.1



	Permanet Irrigation
	24.4
	41.7
	88.4
	59.4



	Temporary Irrigation
	145.3
	158.4
	204.9
	237.9



	Other Agricultural
	886.8
	855.5
	725.0
	719.8



	Forest
	1308.4
	1306.2
	1338.0
	1338.1



	Bodies of Water
	2.5
	2.5
	2.4
	2.4



	Total
	2378
	2378
	2378
	2378







Source: Corine Land Cover.
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Table 3. Distribution of coverage and land use by municipalities (1990).
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Surface 1990 (Km2)




	
Land Use

	
Caravaca

	
Moratalla

	
Calasparra

	
Cehegín

	
Bullas

	
Total






	
Artificial

	
2.5

	
0.9

	
1.3

	
3.9

	
1.9

	
10.5




	
Permanet Irrigation

	
23.0

	
1.4

	
0.0

	
0.0

	
0.0

	
24.4




	
Temporary Irrigation

	
29.3

	
47.4

	
13.2

	
44.2

	
11.2

	
145.3




	
Other Agricultural

	
429.5

	
259.3

	
71.8

	
76.9

	
49.3

	
886.8




	
Forest

	
373.1

	
643.7

	
96.9

	
175.1

	
19.5

	
1308.4




	
Bodies of Water

	
0.0

	
0.4

	
1.4

	
0.7

	
0.0

	
2.5




	
Total

	
857.4

	
953.1

	
184.6

	
300.8

	
82.0

	
2378.0








Source: Corine Land Cover.
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Table 4. Distribution of coverage and land use by municipalities (2018).
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Surface 2018 (Km2)




	
Land Use

	
Caravaca

	
Moratalla

	
Calasparra

	
Cehegín

	
Bullas

	
Total






	
Artificial

	
5.3

	
1.4

	
4.3

	
6.5

	
2.6

	
20.1




	
Permanent Irrigation

	
50.0

	
4.2

	
2.1

	
2.6

	
0.8

	
59.6




	
Temporary Irrigation

	
33.7

	
56.3

	
37.0

	
63.7

	
47.2

	
237.9




	
Other Agricultural

	
389.6

	
233.9

	
38.0

	
48.5

	
9.8

	
719.8




	
Forest

	
378.9

	
657.0

	
101.9

	
178.9

	
21.6

	
1338.1




	
Bodies of Water

	
0.0

	
0.4

	
1.4

	
0.7

	
0.0

	
2.4




	
Total

	
857.4

	
953.1

	
184.6

	
300.8

	
82.0

	
2378.0








Source: Corine Land Cover.
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Table 5. Hue of change in spatial surface (km2).
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2018

	

	




	

	

	
1

	
2

	
3

	
4

	
5

	
6

	
Total

	
Losses






	
1990

	
1

	
8.5

	
0.1

	
0.7

	
0.7

	
0.5

	
0.0

	
10.5

	
2.0




	
2

	
0.2

	
12.7

	
1.0

	
10.1

	
0.5

	
0.0

	
24.4

	
11.7




	
3

	
2.0

	
3.5

	
95.4

	
35.4

	
8.9

	
0.0

	
145.3

	
49.9




	
4

	
5.9

	
41.6

	
124.6

	
614.2

	
100.4

	
0.1

	
886.8

	
272.6




	
5

	
3.5

	
1.7

	
16.1

	
59.4

	
1227.5

	
0.2

	
1308.4

	
80.9




	
6

	
0.0

	
0.0

	
0.0

	
0.0

	
0.3

	
2.2

	
2.5

	
0.4




	

	
Total

	
20.1

	
59.6

	
237.9

	
719.8

	
1338.1

	
2.4

	
2378.0

	
417.5




	

	
Gains

	
11.6

	
46.9

	
142.5

	
105.6

	
110.6

	
0.3

	
417.5

	








Source: Authors.
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Table 6. Evolution of temporary irrigation crops (1990–2018).






Table 6. Evolution of temporary irrigation crops (1990–2018).





	
Surface Temporary Irrigation 1990–2018 (km2)




	

	

	
Fruit Free

	
Olive Grove

	
Vineyard

	
Rice Field

	
Total






	
Caravaca

	
1990

	
29.3

	
0.0

	
0.0

	
0.0

	
29.3




	
2018

	
31.3

	
1.3

	
1.2

	
0.0

	
33.7




	
Moratalla

	
1990

	
34.3

	
10.0

	
0.0

	
3.1

	
47.4




	
2018

	
50.5

	
3.5

	
0.3

	
2.0

	
56.3




	
Calasparra

	
1990

	
6.1

	
0.0

	
0.0

	
7.1

	
13.2




	
2018

	
29.2

	
1.7

	
0.0

	
6.1

	
36.9




	
Cehegín

	
1990

	
39.0

	
0.8

	
4.4

	
0.0

	
44.2




	
2018

	
55.9

	
2.7

	
5.2

	
0.0

	
63.7




	
Bullas

	
1990

	
10.6

	
0.0

	
0.6

	
0.0

	
11.2




	
2018

	
44.5

	
0.0

	
2.7

	
0.0

	
47.2




	
Total

	
1990

	
119.4

	
10.7

	
5.0

	
10.3

	
145.3




	
2018

	
211.3

	
9.1

	
9.3

	
8.1

	
237.9








Source: Corine Land Cover.
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