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ABSTRACT

This contribution proposes an integrated approach to detect and quantify land-use and land-cover changes as a basis for studying and predicting changes in environmental processes leading to desertification. The approach has been applied in Tabernas (Almería, Southeast Spain), a representative area of the Mediterranean region where a combination of extreme environmental conditions and modifications of the land-use pattern that occurred in the last decades have led to increase the risk of desertification.

The approach is based on multi temporal records of remotely sensed data and field survey. Sets of aerial photographs taken in the fifties (1956), the eighties (1981) and the nineties (1995) were used to map land use and cover in the three different periods of the last fifty years. The results indicate that from 1956 to 2000, a total area of 5218 hectares of land was subjected to change in land use. The main land cover type that was subjected to change was dry farming. Throughout the past four and half decades 2507 hectares (32%) of dry farming has changed into different land use types, of which 1447.7 (57.7%) hectares changed to irrigated farmland, 857 (34%) became abandoned and about 202 (8.3%) were subjected to various activities (infrastructures, industries, etc.) that have left the area without a vegetation cover. The abandoned areas have evolved to areas with a weed type non-permanent bush cover, which is totally different from the natural cover in the region. The land abandonment and the change from dry farming to irrigation seem to exert pressure on the environment, that can lead to an increase in desertification processes such as soil erosion, salinisation and pollution. Most of the recent irrigated farms are on slopes ranging in inclination from 2 to 8%. Important erosion processes can occur both on these slopes and on abandoned areas depending on other influencing factors (e.g., soil erodibility).
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INTRODUCTION

Desertification is one of the most serious environmental issues at global, national, regional and local scales (UNEP, 1992; Imeson, 1996). According to the Convention to Combat Desertification (CCD) (UNCED, 1994), desertification means “land degradation in arid, semiarid and dry-subhumid areas resulting from various factors, including climatic variations and human activities”. The main processes leading to desertification include the removal or destruction of the vegetation cover, soil salinization, soil acidification, soil contamination, loss of soil organic matter, soil compaction, and water and wind erosion (FAO/UNEP, 1984). The major effects of desertification are soil degradation, depletion and contamination of surficial and underground water, landscape deterioration and loss of biodiversity.

The European Mediterranean region, which covers Portugal, Spain (except the northern part of the country), the Southeast of France and most of Italy and Greece (Joffre et al., 1995), is prone to desertification because of its particular environmental conditions (UNCED, 1994): seasonal drought, high rainfall variability and intensity, uneven and steep relief, and abundance of soils and rocks susceptible to erosion processes. Furthermore, human pressure accelerates the desertification risk in this region. Over the recent decades, the land-use pattern in the European Mediterranean region has changed because of agricultural intensification, even in marginal areas, and expansion of industrial-urban uses, including tourism (UNEP, 1986; Coccossis, 1991). Consequently, many environmental issues have emerged, including destruction of vegetation cover, soil erosion, soil compaction, soil salinisation, soil pollution, soil “asphaltisation” (Rubio et al., 1998), loss of biodiversity, landform changes, landscape deterioration and surficial and underground water pollution and depletion.

Aggravation of these environmental issues has led to an increase of the risk of desertification in extensive areas of the European Mediterranean region (UNCED, 1994; Rubio et al., 1998; Yassaglou, 1998). Therefore, the analysis of land use changes and their environmental consequences has become an urgent need for this region.

This contribution shows an integrated approach to detect and quantify land-use changes as a basis for studying and predicting changes in environmental processes (e.g., soil erosion) leading to desertification. The approach has been applied in Tabernas (Almería, Southeast Spain), which is a representative area of the Mediterranean region, where a combination of extreme environmental conditions and modifications of the land-use pattern that has taken place in the last decades can lead to an increase of the risk of desertification.

THE TABERNAS STUDY AREA

The study area is located in southeastern Spain, within the province of Almeria, indicated in Figure 1. It covers about 50 km2. The city of Almeria, with a population of 145.000, is the nearest large urban agglomeration located 37 km south of Tabernas, which is the largest town in the study area with a population of 3.241 inhabitants.

The Tabernas valley occupies the centre of the study area, where most of the human activities take place, and it is limited by two E-W trending mountain chains: the Sierra de los Filabres to the north, and the Sierra Alhamilla to the south. The Desert of Tabernas, which is considered the only true desert in the whole of Europe fulfilling the criteria of a desert definition, is located in the western part of the study area. Both the Desert of Tabernas and part of the Sierra Alhamilla are now protected natural areas.

[image: image1.png]


[image: image5.emf]Year/Area in ha.  Gross Changes/area - ha.  Gross C hanges in Percent     Landuse Type    1956    1981    2000    2000 - 1981    2000 - 1956    1981 - 56    1956 to 1981    1956 to 2000    1981 to 2000   Dry farm and tree plantation   Dry farming   Forest   Industrial   Irrigated tree, almond   Irrigated tree, olive   Mining/Quarrying   Mixed use   None - irrigate d tree, others   None - irrigated tree olive/almond   Protected/Hunting/Open space   Recreation   Urban/settlement       1582.63     7858.72       798.25           0.00       196.37       398.24           7.93     1085.70         12.35       751.32                      14957.63         25. 20         47.72   1619.92    6418.69    1023.12        26.13      540.90      761.14       19.49   1117.22       52.32     748.24   15289.91      28.60      76.38    1626.97     5351.67    1038.94        26.13      786.38    1337.98       35.32   1209.34      60.06    748.26   15396.03     28.60     76.38         7.05   - 1067.03        15.82          0.00      245.49      576.84       15.83       92.12        7.75        0.02     106.12        0.00        0.00  44.34   - 2507.03   240.69   26.13   590.02   939.74   27.39   123.64   47.71   - 3.06   438.40   3.40   28.66  37.29   - 1440.03   224.87   26.13   344.53   362 .90   11.56   31.52   39.97   - 3.08   332.28   3.40   28.66  2.36   - 18.32   28.17     175.45   91.13   145.78   2.90   323.61   - 0.41   2.22   13.50   60.07    2.80   - 31.90   30.15     300.47   235.97   345.43   11.39   386.33   - 0.41   2.93   13.50   60.07  0.43   - 16.62   1.55   0.00   45.38   75.79   81.23   8.25   14.81   0.00   0.6 9   0.00   0.00   Total/Overall increase  27722.06  27722.06  27722.06  2134.07  5218.42  3084.40  865.62  1422.89  244.74    

[image: image6.emf] 

DEM   1:25000   Aerial Photo   from 1956,1981,  1995   Topomap   (1:10,000)   API  results   Topographic  maps  1:50,000 of  1950, 1985 &  1997  

I     INPUT     

II   Process   / Input system/  

III      Database  

Vector Image files & spatial  thematic data files  

Thematic data files   - Lithology   -   Geomorphology   -   Soil   - Land use   - Landcover   - Others  

IV      Data Manipulation   &    output  

Rasterisation  

Map calculations  

Tables   

Graphs  

Orthorectification  

Colour   Separation  

Georeferencing  

Photo mosaic  generation  

Mapping  accu racy test  

Digitisation, coding,  editing & updating  

Classification, layer operation    

Thematic vector maps  

3D Visualization, map  view generation  

Data from the  contemporary  Environmental  Map   

Digital map layer  Operation  

Spatial Database  generation  


Figure 1. Location of the study area
The dominant land cover types in the area are bush and grass cover with and without trees. The main land use is agriculture (barley and few irrigated crops), which, on the other hand, has serious limitations because of climatic and topographic conditions. However, irrigated olive and almond plantations have been introduced during the last decade. Other activities are grazing and mining, but these were more important in the past. Mining is now limited to a few gypsum quarries and many abandoned mines can be found in the area. Industry has little importance, although the movie and entertainment industry has attracted many visitors in the last few years. In fact, the tourism sector is gaining importance and can be one of the main economic activities in the future.

Tabernas is a representative example of arid areas, within the European Mediterranean region, where a combination of environmental restrictions (e.g., seasonal drought, high rainfall variability and intensity, uneven and steep relief, and abundance of soils and rocks susceptible to erosion processes) and human induced land degradation processes (e.g,. intensification of agriculture, industrial-urban expansion, land abandonment) can lead to increase the risk of desertification. For this reason, there was selected as a pilot study area to apply an integrated approach to detect and quantify land-use changes as a basis for analysing desertification processes. The particular environmental conditions of the area, which are responsible for its inherent susceptibility to desertification processes, are especially visible in the spectacular bad-lands of the Desert of Tabernas.

APPROACH FOR LAND USE CHANGE DETECTION OF LAND-USE

The integrated approach used to detect and quantify land-use and land-cover changes, shown as a flowchart in Figure 2, is based on photo interpretation of remotely sensed data (aerial photographs) and on its integration with ancillary field and map data. It was adapted from the methodology followed by Taylor et al. (2000) to monitor landscape changes in the National Parks of England and Wales, who used aerial photo interpretation and Geographical Information System (GIS). This methodology was found to be suitable for the similarities in type of remotely sensed data used (aerial photos) and its simplicity. Change detection using satellite data can also provide timely and consistent estimates of change in land use trends and has the additional advantage of ease of data capture into a GIS (Prakash and Gupta, 1998). However, in this study, due to the small size of the study area and the complex nature of the land use pattern, aerial photos were found to be more convenient for change detection, mainly of human induced changes. In any case the interpretation of remotely sensed data always needs field ground truth and possibly verification with aerial photos. Sets of aerial photographs taken in the fifties (1956), the eighties (1981) and the nineties (1995) were used to map land use and cover in the three different periods of the last fifty years.

The last set of aerial photos, of 1995, and the map generated from them, were taken as a contemporary situation, i.e. that of the year 2000 at the time of the study, after updating by field survey. Aerial photo interpretation (API) maps produced from the interpretation of 1956 and 1982 aerial photos were used to trace back changes. Data analysis and integration were done by applying various GIS processing techniques using the ILWIS® package (Integrated Land and Water Information System, ITC, 1997).

Mapping Procedure

The mapping process started with the visual interpretation of the sets of aerial photographs. Aerial photo interpretation allowed the delineation and demarcation of land-cover and land-use limits. Conventional stereoscope and computer aided multi-windows on-screen analysis were the two visual aerial interpretation techniques employed. In addition to the aerial photos, the corresponding topographic maps of the years 1950, 1985 and 1997 were also used as an aid where photo interpretability was low.

After orthorectifying the photos, photo mosaics were constructed for each set. This implied several operations such as digitising and polygonization that were carried out using the GIS facilities.

A database containing the information extracted from the three data sets was generated with the GIS to calculate and assess changes. The thematic information that corresponded to each year was added to the GIS database constructed during the mapping procedure by sequentially joining all the three attribute tables, constructed for each data set, two at a time. This provided additional information on soil, geomorphology, slope, and other ancillary data that were entered for each polygon. Using the attribute table maps were generated for each set.


Figure 2.Land-use change detection approach followed in ILWIS®(ITC,1997)
Land Use Change Detection

Changes are the differences between the values for each km2 in the corresponding years. Areas or polygonal features were represented as a set of contiguous 5m x 5m square cells in the GIS. Net changes are differences between the pixel totals for a land use type at the corresponding dates. Gross change is the sum or number of the pixel lost and gained by a given land use type between two specified years. This allowed identifying the nature of the change.

In order to perform the map calculation for quantifying land-use changes, the same land-use classification categories or classes were used to classify the three API maps.

RESULTS AND DISCUSSION

Figures 3, 4 and 5 show the API land use maps corresponding to the years 1956, 1981 and 2000, respectively.
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Figure 3. API Land use map of 1956
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Figure 4. API Land use map of 1981
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Figure 5. API Land use map of 2000

Table 1 summarises the land-use classes identified for the three periods and shows the gross changes occurred between the three years or corresponding periods

Table 1. Gross land use changes occurred in Tabernas (Almeria, Spain) between 1956, 1981 & 2000


From 1956 to 2000, a total area of 5218 hectares of land was subjected to change in land use, of which 41% was within the past two decades.

Dry farming has been the most modified land-use type in the study area. Throughout the past four and half decades 2507 hectares (32%) of the dry farmland has changed into different types of land use, of which 1447.7 (57.7%) hectares changed to irrigated farmland, 857 (34%) became abandoned and about 202 (8.3%) was subjected to various activities (infrastructures, industries, etc.) that have left the area without a vegetation cover. The irrigated land has grown by 98% since 1956, 54% of which since the year 1981. The “Forest” class has shown the considerable increase of 247 hectares (23.7%) due to the pine tree plantation on the mountains for controlling soil erosion and the eucalyptus tree plantation in the valleys for wood production. The mining activity and other land uses such as urban use and industrial development, which occupy a relatively small area, have also shown a considerable increase. Recreation and “Protected/Hunting/Open Space” class of areas have shown a slight increase. Non irrigated trees other than olives and almonds have shown an increase whereas non irrigated olive and almond trees have showed a small decrease.
The land abandonment and the change from dry farming to irrigated trees, which are the main land use changes identified from 1956 to 2000 in the study area, seems to exert pressure on the environment, that can lead to an increase of desertification processes such as soil erosion, salinisation and pollution.

The abandoned area has evolved to an area with a weed type non-permanent bush cover, which is totally different from the natural cover in the area. This non-permanent bush cover offers less protection to the soil against the runoff than the natural vegetation. Moreover, land abandonment also means the abandonment of soil conservation practices such as terracing systems. All this can lead to an intensification of soil loss by erosion processes, especially in areas with high slopes.

Most of the recent irrigated farms are on slopes ranging from 2 to 8%. Important erosion processes can occur on these areas depending on other influencing factors (e.g., soil erodibility). In fact, most of the irrigated lands have extended on Neogene sub-marine materials. Soils developed on these materials (e.g., Regosols, FAO, 1988) show a high erodibility, which can lead to moderate soil erosion processes. But the recent advancement of irrigation lands to higher slopes with the lack of good soil conservation practices such as farming following contour lines and terracing systems, as it occurs in many areas, could mean an intensification of the soil loss by erosion processes.

On the other hand, it must be highlighted that Neogene sub-marine materials have soluble salt components. Therefore, the extension of irrigation schemes on these materials can also lead to an increase in soil salinisation as a result of the capillary rise of water in the extremely high-evaporation conditions of the study area.

The increasing use of chemicals, such as pesticides and fertilisers, due to the intensification of irrigated farming, means also to increase the threat to the environment.

As irrigation is intensified, another important potential threat to the environment is the over-pumping of the groundwater. The change in land use has brought change in water consumption and water schemes. A good indicator for this trend is the increase in the water scheme distribution. The 23 water points that were present in 1956 have grown to 191 by the year 2000. The average increase from 1956 to 1981 was almost 2 water points per year. During the period between 1981 and 2000 it increased to more than 6 water points per year. This can lead to an important depletion of underground water resources that make irrigation unsuitable in the near future.

Mining and quarrying can also lead to increase the desertification processes in the study area. The sand quarry near Tabernas is expanding and the vegetation cover around this site is of non-perennial type that offers less protection to soil against runoff than natural vegetation. Soil erosion can therefore increase in this area. The iron mine in the eastern part of the study area and the gypsum quarry that can be seen on the road from Tabernas to Sorbas are now abandoned. No land reclamation and restoration have taken place so far in those sites. The acid drainage that comes out of the iron mine might have already contaminated the down stream hydro-geologic system.

However, the intensification of the desertification processes outlined here associated to the land use changes occurred in the study area in the last decades need to be corroborated trough appropriate studies. Further research would imply, for instance, an analysis of erosive morphologies to see if they have increased in the areas where the main human-induced land use changes have taken place. The analysis of salt and contaminant contents of soils under irrigation and the comparison with the contents of soils still used for dry farming would also become necessary.

CONCLUSIONS
An integrated approach based on multi temporal records of remotely sensed data and field survey to detect and quantify land-use changes as a basis for studying and predicting changes in environmental processes leading to desertification has been proposed and applied. The application of the approach in a GIS environment facilitates the assessment of land use changes between two specified years. Using GIS changes can be easily calculated trough the pixels lost and gained by a given land use type in a specific period. The approach has been applied in a representative area of the Mediterranean region (Tabernas, Almería, Southeast Spain), having identified that a total area of 5218 hectares of land was subjected to change in land use, from the year 1956 to the year 2000. The land abandonment and the change from dry farming to irrigated farmland are the main land-use changes that have taken place in the study area. Taking into account the environmental conditions characterising the areas where these changes have occurred (e.g., slopes ranging from 2 to 8%, high erodibility of soils, extremely high-evaporation) and the management practices associated to irrigation farmland (e.g., intensive use of agrochemicals, over-pumping of the groundwater), what can be predicted is an increase of desertification processes such as soil erosion, salinisation and pollution. Given that the modifications of the land-use pattern that occurred in the last decades in the study area are similar to those identified in the broader European Mediterranean Region, it follows that the approach can be applied to this larger region to assess land-use changes and to predict the consequent increase of desertification processes. However, such predictions need to be corroborated trough appropriate and specific studies, for instance, by analysing whether erosive morphologies have increased in the areas where the main human-induced land use changes have taken place.
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