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Abstract:



The aim of this chapter is to examine the processes of change in land cover and land use over the last 44 years, at regional scale, in a traditional, rural south-eastern Spanish catchment. Land use has changed dramatically over recent decades throughout the Mediterranean. Much of this change has been driven by shifts in agricultural and socioeconomic policy. Analysis of aerial photography for the Marina Baixa catchment has revealed a significant decline in traditional agriculture and conversion to forestry or intensive croplands. The consequences of economic globalisation are reflected here in a shift from traditional to intensive agriculture and in human migration from rural to urban areas, as well as in the development of tourism. Land-use changes are correlated with socioeconomic structural forces in order to demonstrate how these changes affect the basic resources of the area and to provide a clearer understanding of possible future trends.
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1.



INTRODUCTION



Land-cover (the biophysical attributes of the earth’s surface) and landuse change (human purpose or intent as applied to these attributes) play an important role in current global change phenomena (Turner et al., 1990; Vitousek, 1992). Changes in landscape structure represent some of the most E. Koomen et al. (eds.), Modelling Land-Use Change, 97–115. © 2007 Springer.
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prevalent and important impacts of land-use change (Forman and Godron, 1986). For instance, habitat fragmentation and environmental stress have profound consequences on ecosystem processes and are found to affect species diversity (Chapin et al., 1997). During the last few decades, many parts of the planet have experienced an impressive human-mediated switch (Wilson and King, 1995). Not all areas, however, are undergoing similar types of land-use changes. In developed countries, agriculture is now concentrated in the most productive lands. More marginal areas have been abandoned or subjected to less intensive land uses and to afforestation. Conversely, in less developed countries, forestland is being cleared and converted for agricultural use (Lambin et al., 2001). Comprehension of landscape change requires a sound understanding of the underlying processes. The driving forces are those underlying elements that trigger landscape changes. Consequently, these elements represent influential processes in the evolutionary trajectory of the landscape (Bürgi et al., 2004). The main driving forces for these changes include economic, social and territorial planning, and these are therefore the key elements for decision makers. Recently, land managers have begun to realise that ecosystems and landscapes are dynamic, and that disturbance and succession processes operate over many scales, maintaining ecosystems and landscapes in a constant state of flux (Bonet et al., 2004). This dynamism is essential in preserving biodiversity. Cultural landscapes reflect the long-term interactions between people and their natural environment (Farina, 1998), indicating that landscapes have been shaped over time in an interactive process that links human needs with natural resources and features in a specific topographical and spatial setting (Turner, 1990). As a dynamic system, the present landscape is the result of past processes and provides the basis for the formation of future landscapes (Peña et al., 2005c). Traditional land-use activities are at least partly responsible for maintaining the high levels of ecological quality found in Mediterranean landscapes (Blondel and Aronson, 1999). Accordingly, landscapes change in a somewhat chaotic way, while human intervention assists to control this evolution regularly with planned actions which are seldom realised as they are intended (Antrop, 1998). It is important to emphasize that the study area presented is located in a semi-arid Mediterranean climate. The sensitivity of the semi-arid zones to climatic fluctuations has been dramatically illustrated with periods of severe drought in 1981-1984 (Quereda-Sala et al., 2000) and in 1993-1994 (Llamas, 2000) and also in more recent times. These circumstances must be reflected in land-planning strategies aimed at deciding which land practices should be applied during especially dry periods, based upon the



6. Driving forces of land-use change in a cultural landscape of Spain



99



understanding that the environment is in a state of fragile equilibrium (Bellot et al., 1999) in which both socio-cultural activities and biological diversity and ecosystem functions trigger the susceptibility of this land to desertification (Palutikof et al., 1996). Historical analysis is the basis of landscape evaluation (Marcucci, 2000). It is not possible to assess the present conditions of a landscape mosaic without at least knowing its recent history. It is only by considering the evolution of a landscape that it is possible to understand the level of reaction to different types of perturbation (Moreira et al., 2001). The analysis of variation in land cover and land use over time, as sources of information and geographical diagnosis at a regional scale, is central to improving knowledge of land-cover and land-use change in Mediterranean habitats (Bonet et al., 2001; Fernández-Alés et al., 1992; Pan et al., 1999). In fact, changes in land use and the way in which such changes occur can be detected primarily by using land-cover maps handled by geographical information systems (GIS). In this chapter, we emphasize the importance of GIS representation and photographic interpretation (Dunn et al., 1991), because this provides the principal methods with which to obtain evidence of land-use change. A high-precision land-use and land-cover integrated mapping system has been established in order to improve the knowledge relating to change at the regional level over the last 44 years in Marina Baixa (Peña et al., 2005a). This study establishes a diachronic cultural landscape information system at a regional scale that can serve the following goals: • analysis of the evolution of land cover and land use over time; • examination of the spatial transitions between different land-use categories; • construction of a stochastic Markov model, with the assistance of the associated attribute database; and • support for strategic decision-making in landscape planning and nature conservation management in Spain.



2.



STUDY AREA



The Marina Baixa (MB) catchment is located in SE Spain (Figure 6-1). Its boundaries roughly correspond to the county of the same name in the Alicante province of the autonomous region of Valencia. The catchment has a surface of 641 km2, with a complex topography, ranging from sea level to 1,558 metres above sea level. It has a semi-arid to sub-wet Mediterranean climate gradient with hot summers and mild winters, an annual average temperature from 9 to 18ºC and a mean annual precipitation from 300 to 800 mm
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The parent geological material is mainly calcareous in composition with marls, and the soils are classified following the soil taxonomy system as entisols or inceptisols, being shallow and poorly developed (QueredaSala, 1978).



Figure 6-1. The study area.



This Mediterranean region is located in a rural-coastal gradient with a traditionally high diversity of agriculture, resulting in a complex cultural landscape (Solanas and Crespo, 2001). The landscape is characterised by concentrated land-use patterns of irrigated crops, dry crops, urbanisation, and sequential abandonment during the last century, as well as Mediterranean shrublands and woodlands (garrigue). Low and tall shrublands, mainly formed by Quercus coccifera, Pistacia lentiscus, Ulex parviflorus, Stipa tenacissima, Arbutus unedo, are the dominant vegetation evolution after land abandonment. Some minor parts are also covered by oak trees (Quercus ilex sbsp. rotundifolia) and principally by non-cropped pine trees (Pinus halepensis, Pinus pinea and Pinus nigra). MB is a landscape mosaic comprised of 18 municipalities. Before the 1950s, the MB catchment was considered almost as an island, being isolated by abrupt topography. In those times, due to the topography, the most common means of transport and communication with other regions was by sea. Since the 1950s, the socio-economic structure of MB has undergone radical change due to the fact that today over 60% of the Valencian tourist activity is concentrated here (mostly located in Benidorm). Prior to the tourism boom in the 1960s, agriculture and fishing provided the main sources of employment (Quereda-Sala, 1978).
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METHODOLOGY



3.1



Data acquisition
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Land use in the MB basin was mapped manually using aerial photographs and image processing techniques (Peña et al., 2005a). Stereopairs of photographs for 1956 were provided by the Universidad de Alicante at a scale of 1:33,000 and for 1978 at a scale of 1:18,000. Stereo-pairs of photographs of 1998, 1999 and 2000 were provided by the Diputación de Alicante at a scale of 1:25,000. Through the use of advanced photo-scanning technologies, the aerial images were captured and processed together at the improved scale of 1:10,000. These data have been incorporated into ArcGIS 9 and used to obtain subsequent land-use maps in polygonal vector format. The resulting maps were later converted to a raster format to facilitate the cell-based transition matrix analysis of land-use change. The selected thematic mapping units capture elements of both land use and land cover. For convenience, these will be referred to as land-use types. The selected approach can be typified as being physiognomic since it is based on the features of the landscape that are observable from the aerial photographs. The chosen land-use nomenclature is based on the CORINE and LUCC projects whose classification is hierarchical (Peña et al., 2005a); differentiating 31 categories in the second level of detail. A legend of seven general classes was adopted at the first level, as it was found far more appropriate for analysis of the main changes at the regional level.



3.2



Analysis of land-use changes



Land-use dynamics were analysed during the 1956-2000 period by means of cross-tabulation tools handled by ArcGIS 9 and spreadsheet software. A matrix of land-use changes was created in order to determine substitution patterns during the time period studied. This used a Markov chain procedure, a stochastic model that analyses a pair of land-use images and outputs a transition probability matrix (Peña et al., 2005c). The resultant matrix records the probability of any land-use category changing to any other category. This analysis establishes the quantity of anticipated land-use changes from each existing category to that of each of the other categories over the time period. Consequently, it is possible to gain an insight into how the study area might change in overall terms, but not in specific terms as to where these changes could occur. Social and environmental forces driving land-use changes were identified subsequently by an exhaustive study of the leading cadastral statistics of the
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region. This was supported by a series of detailed interviews with farmers, managers of local irrigation systems, managers of local councils and other key actors and stakeholders.



4.



RESULTS



4.1



Land-use dynamics



The study of the land-use evolution in the MB catchment over time (19562000) reveals an increase in the presence of all artificial surfaces, mostly near the coastline (Figure 6-2). However, there has also been a significant growth in natural areas due to the abandonment of dry crops due to low productivity. Irrigated croplands were seen to increase in the catchment area in 1978, but then to decrease again near the coastline in 2000. The MB region has undergone enormous socioeconomic change over recent decades, which can be attributed to both the development of tourism, and the intensification of agricultural activity (Peña et al., 2005b). The driving forces have transformed the hydrological resources and the coastline. The change attractors can be described as coastal proximity (tourism) and water availability (irrigated crops). Throughout the time period considered the MB landscape was dominated by shrub land/herbaceous cover (39-38% of the total area), followed by nonirrigated arable land (36-14%), woodland (17-30%), irrigated arable land (710%) and urban areas (0.3-6.5%). The area of non-irrigated crops registered a 61% decline over 44 years, being most pronounced during the 1956-1978 period. The shrub land/herbaceous coverage remains stationary in time, with woodland cover increasing to 30%. Urban areas experienced the most significant growth, with the current coverage area being some 21 times bigger than in 1956. The present situation can be seen as representing an increasing polarisation between the more inland, rural and mountainous areas on the one hand, and the coastal region on the other. The different land uses are clearly in competition with one another, resulting in the generation of a series of conflicts (Meyer and Turner, 1994). In fact, this evolution may be understood from the wider perspective of growth concentrating along much of the Mediterranean coastal region. This has produced saturation problems due to the intense competition for space (land occupation) and pressure on the resources of the area (and of these especially water).
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Figure 6-2. Land-use chronosequence in the Marina Baixa catchment, 1956-2000.



4.2



Land-use transitions



A simple transition-matrix model was developed to explore changes in land use over the time period 1956-2000, in order to predict future land-use composition (Baker, 1989). Transition matrices have been used quite commonly to model and explore landscape dynamics and change (Shugart, 1998). Such models have at their heart a transition matrix (A) that describes the probability of a cell changing from state i to state j (for all classes) in some discrete time step, and a vector (xt) containing the abundance of each class
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(absolute or proportional) at time t (Pastor and Johnston, 1992). Multiplying A by xt gives a new vector (xt+1) that describes landscape composition one time step into the future. If this iterative process is repeated sufficiently, then the stable stage distribution for the landscape will be reached. Thus: (1)



xt+n = xt • An



A key assumption of transition models is stationarity (i.e. that transition rates do not change over time). We have overlaid 1956 and 2000 land-use maps in seven categories in order to calculate landscape changes. The outcome indicates that 49.5% of the total area has changed and the remainder has not changed for 44 years. The first step was to calculate the land-use transition using cross-tables. To use Markov chain analysis, it is necessary to convert data from spatial units to probabilities held in a transition matrix. Table 6-1 identifies the combination of land-use maps from 1956 to 2000 and the correspondence to each possible combination of land uses that change from one use to other.



Land-use map 1956



Table 6-1. Transition matrix of land-use change, 1956-2000 Land-use map 2000 Water Bare s. Urban Non-irrig. Water 45.90 0.73 1.99 1.89 Bare soil 0.13 73.83 21.43 0 Urban 0.06 0.53 99.30 0 Non-irrig. 0.38 1.27 6.84 31.50 Irrigated 1.32 1.45 19.49 1.88 Woodland 0.20 0.52 0.95 6.50 Shrubland 0.21 1.27 5.28 3.70



Irrigated 31.89 0.13 0.02 10.06 59.07 1.51 3.57



Woodland 6.40 0.27 0.01 25.25 3.97 62.49 25.43



Shrubland 11.20 4.20 0.08 24.70 12.82 27.83 60.54



Transition matrices illustrate the origin of land uses in MB for the study period. Each row indicates the proportion (%) of the original land use that changed into other land uses by the end of the period. Diagonal elements are the retention frequencies. Codes for land-use categories are: continental water bodies (water), bare soil (bare s.), artificial sealed surfaces (urban), non-irrigated arable land (non-irrig.), irrigated arable land (irrigated), woodland (woodland) and shrub land/herbaceous (shrubland). In order to create a future model, it is fundamental to address first the requirements necessary for creating a suitable transition matrix (Lipschutz, 1968). For instance, the summation of the probabilities of the rows must all equal unity, or 100%, for each land-use category of the study area. Therefore, this matrix could be suitable for further projections, taking into account the initial state and change probabilities in that state.
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Markov analysis offers a powerful modelling technique with strong applications in time-based reliability and availability analysis. The reliability behaviour of the MB landscape system was represented using a transition matrix consisting of seven discrete states that the system could be in, with speeds defined for the rates at which transitions or flows between those states take place. Markov models provide great flexibility in modelling the timing of events (Dale et al., 2002). The Markov model is analyzed in order to determine comprehensive representations of future trends at a given point in time. In Figure 6-3, we can observe real data (from 1956 to 2000), as well as estimated data (from 2000 to 2044) using Markov analysis using the transition matrix of 1956-2000 (Peña et al., 2005c). From the empirical results noted, we can propose a future continuation of the trends observed within the period: a decline in non-irrigated and irrigated croplands due to land abandonment and an impressive growth in urban development, which in 2022 is expected to be the third major type of land use in MB. However, we cannot anticipate the specific socio-economic changes responsible for the magnitude of land-use changes.



Figure 6-3. Land-use trends using transition matrix, 1956-2000.



The model presented here is unable to predict long-term trends accurately as it is based upon empirical initial input conditions. The small differences in the initial set of key parameters could lead to bigger differences in the
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development of trends through time, due to the complexity of the feedback and accumulative processes that characterise both the socio-economic and natural components of the system.



4.3



Land-use change processes



It is often difficult to elucidate the different types of processes that contribute to the landscape change progression. Thus, it is necessary to simplify reality and to focus only on a small number of processes. This approach can prove appropriate in order to summarise the complexity of the system. The analysis of the different processes was made by means of a spatial query built by cross-tabulating features from 1956 and 2000 land-use maps, in a manner similar to the construction of the transition matrix. The results can be divided in two different groups (Figure 6-4).



Figure 6-4. Land-cover/use change processes in the Marina Baixa catchment, 1956-2000. (See also Plate 2 in the Colour Plate Section)



Autogenic or natural land-cover change processes explain changes in the natural or human indirect environment, indicating that these processes are caused by natural forces. They represent 30% of the changes in MB and are
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composed of two opposite processes. Natural (succession) or human (plantation) vegetation recovery (20%) is the transition from shrubland or herbaceous to woodland (pine forest). On the other hand, natural or human disturbances (fire, grazing, etc.) convert woodland to shrubland or herbaceous cover (10%). Anthropogenic or human-mediated land-use change processes include human land-use shifts. These are determined by socio-economic and political driving forces and are enabled by technological changes. Abandonment (‘greening’) contributes to increases in natural areas by the set aside of irrigated and non-irrigated crops (39%). Agricultural intensification consists of the modernisation of agriculture, which is typically the modification of non-irrigated to irrigated crops with a correspondingly higher demand for water (11%). Traditional crop recovery represents the inverse flow to that of abandonment, that is, to reversion of abandoned fields to dry crops. This phenomenon, known as ‘fallowing’, was quite common in the past (5%). Finally, urbanisation presents an irreversible change that converts irrigated, non-irrigated and abandoned fields to residential and infrastructural areas with sealed soil surfaces (15%). Urban expansion always takes place in fertile agricultural areas (mostly abandoned). It is important to highlight how predominantly three opposite processes have shaped the MB landscape: land abandonment, agricultural intensification and urbanisation (Peña et al., 2005b). These processes have profound consequences on the structure and functioning of landscapes and related ecosystem services. The intensification of agriculture and urban settlements has severe consequences on the water cycle, nutrients and pollutant contamination. On the other hand, the expansion of natural land cover (361.6 km2 to 433.6 km2) from a state of land abandonment indicates a decrease of human pressure in the more rural inland areas. It should be noted that this situation also implies an increase in wildfire risk. Land abandonment: The abandonment of terraced dry crops can be widely observed within the study area, but it is concentrated in areas that have steep slopes or are far from settlements and roads. Some small areas of dry crops (typically almond, olive and carob) were still under management in rural areas, but almost all the cropland near the coast was abandoned between 1956 and 1978. The socioeconomic history of MB has generated a cultural landscape characterised by small properties, interspersed with shrubland and forest fragments, which facilitates the availability of seed and vegetal establishment. These locations do not suffer the effects of intensive desertification as the terraces there, even in an abandoned state, offer good growing conditions (good soil content, flat slopes), enabling spontaneous afforestation after abandonment (Bonet, 2004). Land abandonment (greening) was always the most important trend in absolute and relative
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terms, and is also in magnitude the event that masks other changes, especially so since 1978. Agricultural intensification: Agricultural intensification is defined as a transition to systems having higher levels of inputs (water, fertilizer, pesticide) and increased output (in quantity or value) of cultivated or reared products per unit area and time. Monoculture (mostly medlar and citrus) is more productive economically than traditional dry crops (olive, almond or carob). Agricultural transformation from dry to irrigated crops is only possible in suitable sites in order to maximise outputs and is preferred in locations with low altitude, good soil conditions and proximity to settlements and roads. However, agricultural intensification requires major water consumption and soil requirements, and is viewed sceptically by observers contemplating the future of a stressed system in which the water resources are inadequate to maintain the actual pace of change. Most of the new irrigated crops belong to large companies and cooperatives related to agribusiness or commercial activities, housing or speculative operations. This type of activity is totally different to the traditional dry crop agricultural patterns. The trend of agricultural intensification was strongest in the period 1956-1978 and weakest between 1978 and 2000. However, the trend is important as it has remained relatively constant. Urbanisation: Changes in the area of urban land per se, appear to be central to land-cover change in tourist areas. Urbanisation is a complex process that transforms the rural or natural landscape into urban, industrial and infrastructure areas. Urban area as land cover, in the form of built-up, sealed or paved-over areas, occupied some 6.5% in MB in 2000, although this had grown from 0.3% in 1956. Large-scale urban agglomerations and extended peri-urban settlements fragment the landscapes of such large areas, threatening various existing ecosystems. Ecosystem fragmentation, however, in peri-urban areas may be compensated by urban-led demands for conservation and recreational land uses. Coastal cities in MB attract a significant proportion of the local and national rural population by way of permanent and circulatory migration, which is just the opposite trend to that occurring in the inland municipalities which have suffered an ongoing decline in population since 1960. The trend of urbanisation is steadily becoming more important (as measured by the changes per year contributing to that trend) and has in the period 1978-2000 actually become more significant than agricultural intensification.



4.4



Landscape change driving forces



It is well known at the regional landscape level that environmental variables influence both human and natural patterns of landscape change. However, the major contributions are inevitably human-mediated and are
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promoted by several underlying processes or driving forces, influential in determining the evolutionary trajectory of the landscape change. The driving forces form a complex system of dependencies, interactions, and feedback loops, affecting several temporal and spatial levels. It is therefore difficult to analyse and represent them adequately (Blaikie, 1985). An attempt in this direction, however, is made in Figure 6-5. This representation is a chronosequence of the major types of driving forces, identified as being: political, technological, natural, cultural and socioeconomic (Brandt et al., 1999). It is based on an exhaustive study of the leading cadastral statistics of the region and a series of detailed interviews with farmers, managers of local irrigation systems, managers of local councils and other key actors and stakeholders. A discussion of the main driving forces is provided below. Political driving forces are strongly interlinked with economic driving forces, due to economic needs and pressures. These are expressed and reflected in political programmes, laws and policy. The role of governance at national, regional and local scale is always to support increasing economic development based in territorial planning. Most of the laws and policies are directly connected to assessments of urban planning and water management. The principal policy of land-use change at municipal level is the drawing up of a ‘‘PGOU’ (a General Urban Plan), which serves as a tool to administer the land. It defines, for example, the areas disposed to change from cropland to urban. This kind of land reclassification is in accordance with political ordinances, but this also sometimes represents a quick method of enrichment and speculation as the price of land can and does change dramatically from before to after a revision of the plan. Benidorm, the largest city of MB County, approved its own General Urban Plan in 1956. It was the second municipality in Spain to do this (preceded by Barcelona). The Plan consisted of drawing up a rectilinear design of streets whose main axes would be two great avenues, that would cross to define the extension of this part of the city, resulting in the so-called ‘matchbox strategy’. This planning model established the present layout of Benidorm, although at that time it was impossible to predict the numbers of tourists who now visit the city. This city is a model of tourist development and continues to grow in order to maintain its position as one of the premier tourist resorts in the world. Technological driving forces maintain advances in the development of civilisation and these driving forces have contributed to shape the landscape enormously. Principally, technology has been used to improve resource management, land productivity and the quality of life. For instance, water is the most restrictive resource in MB; therefore technical advancements are evidenced in the building of dams, recycling by means of sewage plants or by desalinization plant construction to obtain fresh water. Technological
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modernisation, such as industrialised agriculture, has influenced some social changes. Farming trends have conditioned the shift of many fields from traditional dry crops to drip-irrigated systems, with the associated intensified use of fertilizers, pesticides, and the introduction of foreign crop varieties in orchards. Natural driving forces include site factors (spatial configuration, topography, and soil conditions) as well as natural disturbances such as drought, wildfires and floods which induce long term global change (Antrop, 2005). The major natural attractiveness of the MB catchment for tourism is the weather, which provides more than 300 days of sun, as well as the sea, with numerous services and infrastructure for leisure and relaxation activities (e.g. open beaches, water sports). The Mediterranean semi-arid conditions in MB are characterized by drought periods of several years and torrential rainfalls in autumn. The environment has adapted to these circumstances accordingly. However, human pressure over the natural environment has caused an amplification of disturbances, i.e. during drought periods, it is more vulnerable to wildfires. Also, torrential rainfalls, known locally as ‘gota fría’, provoke major damage to infrastructure due to the intensity of the rains over short periods of time. To place this in context, in some cases more than half the annual rainfall may occur in one day. These events may trigger substantial flash floods in susceptible urban areas, particularly those that are built near or over drainage channels. Cultural driving forces shape landscapes and these are then interpreted by individual landowners. In turn, people shape landscapes according to their beliefs, in order to achieve a good quality of life. The evolution of cultural perspectives through which the territory is managed is strongly interlinked with associated socioeconomic drivers. Traditional agriculture as the principal source of income was challenged during the 1960s as the industrial model emerged. This in turn never came to fruition due to strong competition from agricultural intensification and from tourism. Today, this spatial conflict among different wider land uses has all but ended, and practically all endeavours are now concentrated on urban or touristic development. Urban cadastral prices increase strongly due to sustained high demand. Equally, irrigated and non-irrigated land values have declined during the same period. The estimated cadastral value for a hectare of terraced dry cropland is 2,721 €/ha; for irrigated crops it is 5,723 €/ha and for urban it is 716,041 €/ha (Alcázar et al., 1998). These extreme inequalities between land-use prices are designated by the General Urban Plan and determine land-use change patterns.



6. Driving forces of land-use change in a cultural landscape of Spain



111



Figure 6-5. Timeline for the five major types of driving forces in Marina Baixa, 1956-2000.
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5.



DISCUSSION



Two opposite processes can be observed in the MB landscape: firstly, intensification of agriculture and urbanisation, and secondly, land abandonment. Both processes have exerted profound consequences on the structure and functioning of landscapes. The intensification of agriculture and urban settlements has had severe impacts upon the hydrological cycle, nutrient loadings and pollutant contamination. Conversely, the expansion in natural land cover from abandoned land clearly indicates a decrease in human pressure in inland mountainous and rural areas. This implies an increasing and unrestrained wildfire risk but also represents a modification of the natural resources (e.g. increasing biodiversity, decreasing water availability and aquifer recharge). In addition, two further phenomena are observed, namely, habitat fragmentation in urban areas (in the coastal zone) and aggregation of new forestry cover (in the rural zone). The pattern of expansion of urban and irrigated arable lands has led to a number of associated difficulties, an example of which has been the availability of secure water resources. However, the Government aims to counter its water problems by increasing availability through policy and seeks to solve supply deficits through the use of water transfers. This situation has failed to restrain non-sustainable growth in tourism, as well as in agriculture, and tends to promote continued growth and increasing water demands. Plans for future water transfers can only serve to stimulate the future non-sustainable development in MB. There is a lack of balanced economic growth, as agricultural sector earnings are unstable and there is increasing pressure for more land to be made available to support the tourism sector. Equally, natural resources are often used unwisely, and conservation of the environment is over-looked. For example, aquifers are depleted, desertification problems abound and protected natural spaces are threatened by the expansion of agriculture and tourism. The irony is that the tourists are attracted by many factors, importantly including the quality of the environment at their destination. Without sustainable development being adopted as a governing priority for policymakers, and with the continuance of current trends, future scenarios can be developed for MB in which the landscape will likely become a degraded landscape because of resource exhaustion, tourists will leave for other Mediterranean destinations and agriculture will be developed in the North of Africa or other areas of Spain and Eastern Europe. Predicted climate changes are likely to exacerbate these circumstances. One of the main causes of these problems is the lack of planning and the lack of control of tourism and agriculture. Administrations are focused upon solving water demand problems and often seek to satisfy these increases in



6. Driving forces of land-use change in a cultural landscape of Spain



113



demand by means of technological advances (e.g. water transfers from the Tajo-Segura, desalinisation plants and sewage wastewater treatment plants). However, this type of solution fails to control the non-sustainable increase of tourism and agricultural activity and therefore the increase in demand for water is unlikely to cease in the foreseeable future. There is no easy panacea evident to address these issues, but certainly one important means to address this situation is the implementation of an integrated process of sustainable development and modelling approaches such as those evidenced in this research have an important role to play in helping the policymakers explore a range of alternative futures resulting from their land-use policies.
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