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ABSTRACT: 
 
The relationship between landuse/landcover (LULC) changes and land degradation in two Mediterranean sites is investigated using 
remotely sensed and ancillary data. The areas of study, the Xaló river catchment in the north of the Alicante province in southeast 
Spain and the Aegean island of Lesbos, Greece, have both been subjected to changes in LULC, such as abandonment, overgrazing, 
forest fires and tourist development. Landsat MSS data dating back to the 1970s were used for the mapping of historic landuse/cover 
types whereas Landsat TM and ETM+ data were employed for the analysis of their recent state. A soil erosion model was then used 
within a GIS in order to study the susceptibility of the areas affected by changes to overland flow and rainsplash erosion. The model 
consists of four parameters, namely soil erodibility, slope, vegetation cover and overland flow. The results show increased 
susceptibility to runoff and erosion mostly for those areas were forest fires, urbanization, and/or overgrazing were the main causes of 
change and suggest that mitigation measures should be taken for the prevention of further degradation. The readily implemented 
methodology proposed, based on modest data requirements, is a useful tool for catchment to regional scale LULC change and land 
degradation studies. 
 
 

1. INTRODUCTION 

Over the last ten years, a lot of attention has been drawn on the 
issue of landuse and landcover (LULC) changes and the direct 
or indirect relationship  these changes might have with the 
observed land degradation in the Mediterranean region (Brandt 
and Thornes, 1996; Drake and Vafeidis, 2004; Thornes, 1996). 
Such changes are the result of practices such as the relocation 
of people to the coastal border, farm and grazing abandonment 
inland, the explosion of tourism-related activities, and the 
intensification of agriculture, among others. Accurate LULC 
mapping over large areas has become necessary in order to 
monitor these changes and has received a considerable boost 
from the advent of multispectral satellite data. Such data have 
become operationally available since the early 1970s and have 
paved the way for LULC and vegetation cover studies due to 
their suitable spectral, spatial and temporal resolution, thus 
providing scientists with a useful tool to study LULC changes 
and their relationship with land degradation processes. 
There is a well-established tendency for water runoff to 
increase with land degradation (Symeonakis and Drake, 2004; 
UNEP, 1990; Rubio and Bochet, 1998; Krugmann, 1996; 
Sharma, 1996; Kosmas et al. 1999). Overgrazing, for example, 
leads to trampling and compaction of the soil which reduces the 
infiltration and thus increases the amount that leaves as runoff. 
Deforestation also leads to increased overland flow since it 
removes the vegetation which probably affects rates of runoff 
more than any other single factor. The rate of runoff is therefore 
a useful indicator of the land degradation and desertification 
process and was estimated in the present study with the use of 
the Soil Conservation Service (SCS) model (SCS, 1972). 
The importance of soil erosion in land degradation and 
desertification over the Mediterranean area has also been 
widely recognized since it appears to be the end result of almost 

all such processes (Brandt and Thornes, 1996; Kosmas et al., 
1999; Symeonakis and Drake, 2004). Drought, the natural or 
human induced reduction in vegetation cover, poor agricultural 
practices leading to soil aggregate breakdown and soil organic 
matter losses, poor irrigation practices leading to salinisation, 
all lead to an increase in soil erosion rates and ultimately 
desertification. Erosion therefore seems to be the single most 
important indicator of the land degradation and desertification 
processes and was estimated here with the use of the Thornes 
model (Thornes 1985, 1989). 
The main aim of this research was therefore to study the 
interrelationship between LULC change and land degradation 
over two different Mediterranean sites using remotely-sensed 
data. Specific objectives included the investigation of the 
feasibility of the combination of remotely-sensed data in land 
degradation studies, the estimation of LULC changes, overland 
flow and sheetwash soil erosion, and to suggest a 
methodological framework that provides a tool for the appraisal 
of the impact of changes in land degradation. 
 

2. THE STUDY AREAS 

One of the two study sites is the catchment  of the Xaló river in 
the North of the Alicante province in Southeast Spain (Figure 
1). It covers an area of approximately 30200 ha, is characterised 
by a complex topography which ranges from 0 to 1365m above 
sea level, diverse microclimatic conditions with irregular and 
intense rainfalls and soils mainly falling under the Cambisols 
and Regosols types. As previous studies have shown (Belda 
1997, Symeonakis et al., 2003; Symeonakis et al., in press; 
Viedma 1999, Viedma and Meliá, 1999), the area has been 
subjected to a number of landuse/cover changes during the 20th 
century, such as a number of forest fires, tourist development 



 

mainly around the coastal rim and, abandonment of agricultural 
terraces inland. 
The other area of study is the northern Aegean island of Lesbos, 
Greece, which covers an area of approximately 163000ha and 
has a maximum altitude of 947m. The climate is characterised 
by strong seasonal and spatial variations of rainfall and high 
oscillations between minimum and maximum daily 
temperatures, typical of the Mediterranean region (Kosmas et 
al., 2000b). Kosmas et al. (2000a) divided the island in three 
climatic zones: the semi-arid in the West with an average 
annual rainfall of 415mm, the largest dry sub-humid zone in the 
East with 677mm and a transitional zone between the two. The 
soils are developed on various lithological formations such as 
shale, schist-marble, volcanic lava, pyroclastics, and ignimbrite 
and are classified as Typic Xerochrept, Lithic Xerochrept, or 
Lithic Xerorthent (Kosmas et al., 2000a; Kosmas et al., 2000b; 
Loumou et al., 2000). 
 

3. METHODS AND RESULTS 

3.1 Data 

3.2 

3.2.1 

The datasets available for the Xaló area were: (a) a Landsat 
ETM+ image taken in August 2000, (b) a Landsat MSS image 
taken in July 1978, (d) a Digital Elevation Model (DEM) with a 
25×25m resolution, (e) 1:50000 aerial photographs taken in 
1977, (f) 1:30000 aerial photographs taken in 1997, (g) soil 
samples at 16 point locations in the wider catchment area and 
(h) digital 1:50000 soil erodibility and lithological data. For the 
island of Lesbos the respective data were: (a) a Landsat TM 
image taken in August 1999, (b) a Landsat MSS of May 1975, 
(c) a DEM with a 30×30m resolution, and (d) 1:200000 soil 
map. 
 

Landuse changes 

LULC changes in Xaló 
The mapping of the various types of LULC for the area of Xaló 
was achieved using the Landsat data and the fuzzy 
classification and fuzzy convolution modules of Erdas Imagine 
8.5. The data were first rectified for the effect of relief using the 
25×25m DEM and projected to the right geographical 
projection using 54 ground control points with a total RMSE of 
25.24m. In order to further assist the fuzzy classifier in 
distinguishing between the different classes, one additional 
layer of information was stacked to the four MSS bands of the 
1978 image and the six ETM+ bands of the 2000 image, namely 
the Normalised Difference Vegetation Index (NDVI, Justice et 
al. 1985), thus forming a 5-layered and a 7-layered image, 
respectively. The four principal components of these multi-
layered images were then extracted, the last three of which were 
then used for the delineation of the sampling areas that would 
serve as ‘training’ for the classifier. Five fuzzy layers per pixel 
were used and the resulting classified images were assessed 
using 100 random points and the aerial photographs as ground 
truth. The accuracy of the classification methodology was 
tested only for the 2000 data and produced an overall accuracy 
of 86% and an overall kappa statistic of 0.82. These figures 
compare favourably with the results of a hard maximum-
likelihood (ML) classification of the same area (Symeonakis et 
al., 2003; Symeonakis et al, in press). 
The result of the fuzzy classification for 1978 (Figure 1a), 
shows that the vast majority of the catchment area was covered 
by the various types of orchards, with an area of approximately 
12392ha or 41% of the entire catchment. The second LULC 
type, in terms of area  covered, was matorral (7541ha), 

followed closely by ‘bare’ (7363ha), the two of which together 
cover almost half of the entire catchment area (49%). Finally, 
forests, urban areas and the various horticultural  types all 
shared approximately a 3% of the entire catchment area, with 
1039ha, 889ha and 879ha, respectively. For the year 2000 
(Figure 1b) the fuzzy classification gives the following figures: 
matorral 9480ha (31%), orchards 8955ha (30%), bare 6508 
(22%), horticulture 2527ha (8%), urban areas 1937ha (6%), and 
forests     817ha (3%). 
 

 

 
Figure 1: Landuse/landcover (LULC) maps of the Xaló 

catchment with predominant LULC types produced 
from fuzzy classification of,  (a) Landsat MSS data 
of 1978, and (b) Landsat ETM+ data of 2000 

A comparison of the landuse/landcover maps for 1978 and 2000 
in figures 1a and 1b respectively, produced the graph in Figure 
2 below: 
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Figure 2: Percentage of change observed between 1978 and 

2000 for five distinct types: bare, matorral, forest, 
agricultural (orchards and horticultural together) and 
urban, along with the area (ha) occupied by each of 
the types  in both years 

 
Some of the changes that appear to have taken place between 
1978 and 2000 have a direct relationship with the land 
degradation process, namely: 

• A 21% decrease in forested areas (223ha), most likely 
due to the large number of fires that have occurred in 
the area (Belda 1997). 

• A 13% loss of agricultural land to matorral (1890ha) 
and urban areas (1038ha), due to the abandonment of 
agricultural terraces. 



 

• A 113% increase in urbanised areas 
On the other hand, some of the changes observed in other areas 
have a positive effect with respect to land degradation, such as: 

• A conversion or rehabilitation of 12% of the bare 
areas in 1978 to matorral (2237ha), agricultural land 
(994ha) and forests (161ha). 

• A further reforestation of former agricultural terraces 
(209ha) and matorral (258 ha). 

 
3.2.2 LULC changes in Lesbos 
The mapping of the various LULC classes over the island of 
Lesbos was carried out using the Landsat MSS and TM images 
of 1975 and 1999, respectively. The methodology applied 
involved a ML classification which was then tested randomly 
distributed ground truth data acquired with the use of GPS. The 
overall accuracy was 81% for the 1975 data and 89% for the 
year 1999. Figure 3a is the resulting LULC map for the year 
1975 and 3b is the same for the year 1999. Misregistration 
errors were not quantified at this stage.  

 
 

 
Figure 3: Landuse/landcover (LULC) maps of the island of 

Lesbos with predominant LULC types produced 
from ML classification of  (a) Landsat MSS data of 
1975, and (b) Landsat TM data of 1999 

The result of the ML classification for 1975 (Figure 3a), shows 
that the greatest part of the island was covered by olive groves, 
covering approximately 30% of the entire island. Matorral and 
pine forests both covered about 20% of the island area, 
followed by sparse (14%) and dense maquis (8%), respectively. 
Deciduous forests covered almost 5% of the total area in 1975, 
while bare and urban areas occupied a mere 1%. In the year 
1999 (Figure 1b), the olive groves were again the predominant 
landuse, occupying a slightly smaller area than they did in 
1975. Dense maquis were now the second largest LULC type 

with 34133ha or 21% of the total area, followed by matorral 
(30576ha or 19%), sparse maquis (22530ha or 14%), pine 
forests (20168ha or 12%), bare (5213ha or 3%), oaks (1797ha 
or 1%) and urban areas (1399ha or 1%). A comparison of the 
LULC maps for 1975 and 1999 in figures 3a and 3b 
respectively, produced the graph in figure 4 below: 
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Figure 4: Percentage of change observed between 1975 and 

1999 for eight distinct types: bare, matorral, pine 
forest, deciduous forest, olive groves, sparse maquis, 
dense maquis and urban, along with the area (ha) 
occupied by each of the types  in both years 

Some of the changes that appear to have taken place between 
1975 and 1999 are directly related to degradation processes, 
namely: 

• An important decrease in forested areas, due to the 
large number of fires that took place on the island in 
the 1980s and the 1990s. 

• An increase of bare areas, from 1890ha in 1975 to 
5213ha in 1999.  

• A 4% loss of olive groves and their conversion to 
pasture due to their location in inaccessible 
mountainous areas. Over the last few decades, farmers 
in Lesbos have partly turned to tourism and tourism 
related activities while complementing their income 
from olive cultivations (Loumou et al., 2000). This is 
why only a relatively small percentage of olive groves 
were lost.  

• The increase in urban land (23%) is partly because of 
tourism, but mainly takes places in areas near the 
capital of the island (Mytilene) where the population 
is increasing. 

 
3.3 Runoff modelling 

The SCS Curve Number method (SCS, 1972) was utilised for 
the estimation of event runoff. The model was developed by 
studying overland flow in many small experimental catchments 
and is one of the most widely used methods to compute direct 
storm runoff (SCS, 1972; Maidment, 1993). The general form 
of the relation is ‘well established by both theory and 
observation’ (Maidment, 1993). No runoff occurs until rainfall 
(P) equals an initial abstraction Ia. After allowing for Ia, the 
depth of runoff Q is the residual after subtracting F, the 
infiltration of water retained in the drainage basin (excluding Ia) 
from the rainfall P. The potential retention S is the value that (F 
+ Ia) would reach in a very long storm. According to the model: 
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which is the rainfall-runoff relation used in the SCS method 
(SCS, 1972). A transformation of S, the runoff curve number or 
hydrologic soil-cover complex number CN,  was developed by 
SCS to facilitate with the calculations: 
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Substituting Equation 2 into Equation 1 gives the basic SCS 
relationship for estimating Q from P and CN, which has the 
advantage of having only one parameter since CN can readily 
be extracted from published tables, such as the following 
extract (Table 1), which contains only information relevant to 
this study: 
 
 

Soil group Landuse/Landcover slope 
A B C D 

≥3 96 96 96 96 Urban 
<3 93 93 93 93 
≥3 68 78 84 88 Orchards 
<3 64 73 78 82 
≥3 56 70 80 84 Irrigated 
<3 52 67 76 79 
≥3 94 94 94 94 Bare  
<3 91 91 91 91 

Matorral, (Xaló)  46 68 78 83 
Matorral (Lesbos)  56 75 86 91 
Maquis, sparse  46 68 78 83 
Maquis, dense  40 60 69 76 
Forest, decidious  36 52 62 69 
Forest (Xaló)  40 60 69 76 
Forest (Lesbos)  29 44 54 60 

 
Table 1.  SCS Curve numbers (after Ferrer et al., 1995) 

 
As can be seen from the above sample table, the value of CN 
depends on factors such as landuse/cover, slope and soils which 
the SCS has divided into four groups according to their 
infiltration, retention and evaporation capacity. These factors 
control not only the amount of water that becomes runoff, but 
also the initial abstraction Ia, since they are closely related to 
the amount of interception, initial infiltration, surface 
depression storage, evaporation and transpiration. 
In order to estimate runoff, the LULC maps were combined 
with the data of Table 1 to extract the necessary SCS CN. For 
the Xaló area, soil textural data, namely percentages of sand, 
silt and clay, from 16 point locations in the wider catchment 
area, were combined with lithological maps to extrapolate the 
point measurements over the area and produce three separate 
maps of percentage sand, silt and clay. These were then 
combined with the United States Department of Agriculture 
(USDA) soil textural triangle (Miller, 1996) to create a map of 
the four SCS soil groups. In the case of Lesbos, the previously 
mentioned 1:200000 textural soils data were employed. The 
resulting CN maps were then used along with Equations 1 and 2 

and rainfall data to estimate runoff Q. As for the precipitation 
data, a uniform 200mm rainfall map, representing an event with 
a 10-year return period (Gisbert and Ibáñez, 2003), was used 
over Xaló. Due to the lack of such information for the island of 
Lesbos, rainfall values of a minimum of 100mm and a 
maximum of 200mm were distributed over the island according 
to the altitude of each pixel and the climatic zone to which it 
belonged, using the following equation: 
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where   = precipitation at point X (mm) XP
  = altitude at point X (m) XZ
  = maximum altitude over the island (m) maxZ
  = linear weight according to climatic zone iw
 
3.4 Erosion modelling 

Thornes (1985, 1989) established a physical-based soil erosion 
model by combining sediment transport and vegetation 
protection in the following equation: 
 
 
      (4) bVCnm eskQ=E
 
 
where  E = erosion (mm) 
 k = soil erodibility coefficient 
 Q = overland flow (mm) 
 s = slope (%) 
 VC = vegetation cover (%) 
 
The coefficients m and n have been described by a number of 
researchers. They vary according to different measurements: m 
changes between 0.91 to 2.07 and n from 0.24 and 1.67. 
Thornes (1976) suggested values of 2.0 for m and 1.67 for n. 
When modelling the competitive behaviour of vegetation and 
erosion, Thornes (1990) indicated that erosion is reduced 
exponentially in relation to the bare soil value by increased 
vegetation cover. The value b=-0.07 was used which is in 
accordance with the results of other researchers for a variety of 
environments (Drake et al., 2004, Symeonakis and Drake, 2004; 
Thornes, 1990).  
Vegetation cover was then estimated using the NDVI estimate 
and the scaled NDVI or N*, which is equal to (Choudhury et 
al., 1994, Carlson et al., 1995): 
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where   = the value of NDVI at 100% cover SNDVI
  = the value of NDVI for bare soil SNDVI
 
According to Carlson et al., (1995), the index N* is useful 
because it is relatively insensitive to viewing angle, sensor drift, 
and uncertainties in atmospheric corrections. 



 

The Thornes erosion model was then applied for both dates of 
the two sites using the GRID module of ArcInfo v.8.1. By 
subtracting the runoff and erosion estimates of the earlier dates 
from their respective counterparts of the later dates, a 
qualitative comparison could be made and a possible increasing 
or decreasing trend could be identified. The results for the area 
of Xaló are shown in Figure 4 below: 
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Figure 5: Lesbos (a) runoff estimate of 1975 subtracted from 

runoff estimate of 1999 and, (b) erosion estimate of 
1975 subtracted from erosion estimate of 1999 

 
4. CONCLUSIONS 

This study has looked into the possibility of combining 
remotely-sensed with ancillary data, in order to study the 
potential relationship between LULC changes and land 
degradation in the Mediterranean region. This was achieved 
using two largely recognised indicators of degradation: surface 
runoff and sheetwash soil erosion. The results, produced using a 
high rainfall event, have identified areas where runoff and 
erosion figures are increasing as well as areas where these 
figures are less now than they were in the 1970s.  
The methodology can be used in the decision-making process of 
the selection of areas that need mitigation measures to be 
adopted which will reduce or even reverse their degrading 
potential. Specifically, future work should focus on problems 
faced here with the specific datasets, such as: (a) the 
phenological difference of the MSS and the TM data as well as 
the calibration data, (b) the scarceness of the soil samples and 
the actual method of interpolating these over the area. More 
samples should be collected and a more reliable interpolation 
method such as the geostatistical method of kriging, should be 
applied, rather than extrapolating the point values over the 
lithological units. (c) With additional soils data, the soil 
erodibility factor of Thornes should be calculated to replace the 
k of USLE used in the case of Xaló. Finally, issues related to 
the propagation of errors from the combination of data derived 
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from various sources and scales should also be tackled and are 
currently the focus of forthcoming research. 
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