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2. Identification of vulnerable areas for gully erosion 
under different scenarios of land abandonment in 
Southeast Spain * 

 
 
2.1. Introduction 
 
Due to changing European policies, urbanisation, globalisation, desertification and climate 
change land abandonment has become one of the main changes in land use in 
Mediterranean countries (Geeson et al., 2002). Land abandonment may have large 
consequences on erosion and sedimentation processes. On the one hand, succession of 
semi-natural vegetation after abandonment might increase the vegetation cover, improve 
soil properties, and decrease runoff and erosion (García-Ruiz et al., 1996; Molinillo et al., 
1997). On the other hand, soil and water conservation structures, such as terraces, might 
collapse due to lack of maintenance and piping and consequently increase erosion (Gallart 
et al., 1994; Faulkner et al., 2003). Pardini et al. (2003) suggest that especially during the 
first years after abandonment runoff and erosion occur. Ruiz-Flaño et al. (1992) describe 
for the Spanish Pyrenees that also the presence of grazing is of importance, since grazing 
implies periodic burning, which increases surface stoniness and overland flow. The 
consequences of land abandonment for runoff and erosion are largely dependent on the 
specific characteristics of the location of land abandonment. Therefore, to mitigate runoff 
and erosion from abandoned land, it is necessary to know more about where land 
abandonment will most likely occur. 
 
During the last decade many land use change models have been developed to simulate 
deforestation, urbanisation and intensification of agriculture (Briassoulis, 2000; Verburg et 
al., 2004). Land abandonment, however, has rarely been addressed in land use modelling 
studies (Mulligan, 2004), despite the fact that it is one of the most widespread changes in 
land use in southern Europe and the potentially large impacts on different environmental 
and socio-economic processes. To develop a model for land abandonment, we first need to 
understand the driving factors that lead to abandonment. According to MacDonald et al. 
(2000) land abandonment is the result of intensification of agriculture, technological 
developments, and the influence of Common Agricultural Policy. This increased 
productivity and focused agricultural activities on more fertile and accessible land, while 

                                                 
* Published as Lesschen, J.P., Kok, K., Verburg, P.H. and Cammeraat, L.H. 2007. Identification of 
vulnerable areas for gully erosion under different scenarios of land abandonment in Southeast Spain. 
Catena 71: 110-121. 
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marginal lands were abandoned. Other factors influencing land abandonment are 
industrialisation and increased economic importance of tourism (Fernandez-Ales et al., 
1992). However, each location has specific factors determining the rate and pattern of land 
abandonment. Especially, the influence of biophysical factors on land abandonment is still 
largely unknown in quantitative and spatial terms. 
 
One of the environmental consequences of land abandonment is land degradation and gully 
erosion in specific. Recent studies indicate that gully erosion is one of the main erosion 
processes in terms of soil losses and sediment production (Poesen and Valentin, 2003). As 
Martínez-Casasnovas et al. (2003) calculated an average net erosion of 576 ton ha-1 yr-1 for 
a gully area in Northeast Spain. Plata Bedmar et al. (1997) concluded on the basis of Cs137 
research that 60 percent of the sediments in the Puentes reservoir (Southeast Spain) came 
from subsurface soil horizons, for which gully and river channel erosion could be held 
responsible. And a survey by Verstraeten et al. (2003) within the catchments of 22 Spanish 
reservoirs clearly indicated that the sediment yield increases when the frequency of gullies 
increases in the catchment. Gully erosion is therefore an important soil degradation process 
(Poesen et al., 2002), and these gullies form effective links for transferring runoff and 
sediment from uplands to valley bottoms and permanent channels (Poesen et al., 2003). 
 
Many cultivated and abandoned fields in Southeast Spain are located on marls, which are 
very susceptible to slaking and crusting. By absence of tillage the crust starts to develop 
and will decrease infiltration, which causes an increase of runoff and triggers the formation 
of rills, which will develop into gullies (Imeson et al., 1998). Furthermore, fields on slopes 
are often terraced and after abandonment the original drainage pattern will restore, leading 
to terrace failure. We expected therefore that in these semi-arid areas abandoned land is 
more vulnerable to gully erosion than cultivated land, due to the absence of frequent tillage, 
lack of maintenance of terraces and earth dams, and low vegetation cover during the first 
years after abandonment. 
 
The objective of our study was to identify vulnerable areas for gully erosion using different 
scenarios of land abandonment in Southeast Spain. We selected the Carcavo basin in 
Southeast Spain as our study area, as this region is representative for marginal agricultural 
land in semi-arid areas, and land abandonment is the main change in land use over the last 
decades. With a preliminary field survey we checked whether abandoned land indeed is 
more vulnerable to gully erosion than cultivated land. Subsequently we simulated the 
spatial dynamics of land abandonment in the study area with a spatially explicit land use 
change model for four different land use change scenarios. These results were used to 
identify vulnerable areas for gully erosion due to land abandonment by a simple GIS-model 
based on the controlling factors of gully erosion.  
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2.2. Study area 
 
The Carcavo basin is located about 40 km northwest of the city of Murcia in Southeast 
Spain, near the town of Cieza. Its UTM coordinates are 4228000 m N and 630000 m W 
(European_1950 datum zone 30N). It is a small catchment of 30 km2 and altitudes range 
between 220 and 850 meter. This region of Spain is very dry with an average annual 
rainfall of 300 mm and a potential evapotranspiration of 900 mm. The geology of the area 
consists of steep Jurassic limestone and dolomite mountains with calcareous piedmonts, 
basin deposits of Cretaceous and Miocene marls, and Keuper gypsum deposits (Figure 2.1). 
Most soils in the area are thin (Leptosols), weakly developed (Regosols) and mainly 
characterised by their parent rock (Calcisols and Gypsisols). 
 
The current land use in the study area consists of cereals, grapes, olives, almonds, 
abandoned land, reforested land and semi-natural vegetation (see Figure 2.3 for a current 
land use map). In the 1970s large parts of degraded land were reforested with pine (Pinus 

halepensis Mill.) within the framework of reforestation and soil conservation programs. 
Some almond and olive fields in the central part are under irrigation, while low-yielding 
cereals are found on marls without irrigation. During the last decades, parts of the non-
irrigated agriculture have been abandoned and are under different stages of secondary 
succession. The steeper and higher areas are under semi-natural vegetation and on north 
slopes under forest.  
 
 
2.3. Methods 
 
2.3.1. Gully survey 

With a preliminary field survey we compared abandoned sites with similar cultivated sites 
to verify the assumption that abandoned land is more vulnerable to gully erosion than 
cultivated land. In the Carcavo basin we selected six field sites (Figure 2.1), an abandoned 
site versus a cultivated site, which had the same lithology and topographic position. The 
survey took place in June 2005 and from each gully at the site the coordinates were taken 
and a description was made. The following characteristics were included: gully activity 
(three classes), vegetation cover in the gully (three classes), type of gully head according to 
the classification of Oostwoud Wijdenes et al. (1999), size of the gully, estimation of the 
volume, slope, and presence of a plunge pool. Site 1 and 2 were located on a plateau of 
Miocene marl with Quaternary slope deposits and surrounded by deep channels, which 
resulted in the occurrence of mainly bank gullies. Site 3 and 4 were situated in a wide 
valley in Miocene marl and gullies occurred mainly in terrace walls. Finally, Site 5 and 6 
were located around a channel head in Cretaceous marl and both bank gullies and gullies in 
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terrace walls were found. The three abandoned sites were before all under cereals and have 
been abandoned 10-20 years ago. 
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Figure 2.1. Geological map of the Carcavo basin with the location of the field sites 
 

2.3.2. CLUE-s model 

We used the CLUE-s (Conversion of Land Use and its Effects version 2.3) model, which is 
specifically designed to address the spatial dynamics of land use change. It is a model that 
has been tested in many different environments and proven capable to adequately simulate 
changes in land use pattern (Verburg et al., 2002; Verburg and Veldkamp, 2004). The 
advantages of the CLUE-s model are the explicit attention for the functioning of the land 
use system as a whole, the capability to simulate different land use types at the same time 
and the possibility to simulate different scenarios. The model is based on an empirical 
analysis of location suitability for each land use combined with a dynamic simulation of 
competition and interaction between the spatial and temporal dynamics of land use. The 
model allocates predefined land use requirements, determined at the regional level, to grid 
cells in an iterative procedure that includes location characteristics, spatial policies and 
restrictions, and land use type-specific conversion settings. The following paragraphs 
describe: (1) the calculation of driving factors, (2) the definition of four land use change 
scenarios, and (3) the allocation procedure of the CLUE-s model. 
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2.3.2.1. Driving factors 

Policy relevant approaches to assess land use change must be based upon a number of 
multi-disciplinary mechanisms, since the landscape is a complex system of interacting 
human, physical and natural processes that create unique landscapes that change through 
time (Oxley and Lemon, 2003). These interacting processes are driven by one or more 
variables that influence the decisions of land users. These variables are often referred to as 
underlying driving forces that underpin the causes of land use change (Geist and Lambin, 
2003). Especially biophysical factors, e.g. slope or soil type, pose constraints to land use 
change at certain locations. For the study area, we prepared a list of assumed driving 
factors, based on common theories on driving factors of land use change and knowledge of 
the conditions in the study area. The spatial variation of these supposed driving factors was 
quantified based on different maps and aerial photographs (Table 2.1). All these data were 
converted into grids with a cell size of 25 meter. The relations between current land use and 
the spatial variation in the driving factors were thereafter evaluated using logistic regression 
analysis. The logistic regression indicates the probability of a certain grid cell to be devoted 
to a land use type given the values of the driving factors at that location. The coefficients 
were estimated using the current land use pattern as dependent variable. The resulting 
logistic regression coefficients were standardized according to Menard (2001), which 
allows the comparison of the strength of the relationship between the dependent variable 
and different independent variables. 
 
Table 2.1. Description of available data sets 

Name Description 
Land use Land use maps derived from aerial photographs of 1985 and from a field 

survey in 2004 
Altitude Digital Elevation Model (DEM) with a resolution of 5 m, based on 1:5000 

contour lines 
Slope Derived from DEM 
Potential radiation Derived from DEM, according to McCune and Keon (2002) 
Topographic position Derived from DEM (classes: flat, valley, slope and top) with ArcView script of 

Jenness (2005) 
Lithology Geological maps at scale of 1:50,000 (IGME, 1972, 1982), which serve as a 

proxy for soil type 
Housing density Interpolated map of houses, derived from 1:25,000 topographic maps (CNIG, 

1999, 2003) 
Irrigated area  Map based on land use, field observations and distance to water basins 
Accessibility Interpolated distance to road (derived from topographic maps) 
Travel time to town Travel time to the town of Cieza, calculated with the cost allocation procedure 

in ArcGIS, which takes account of road quality 
Wetness index Derived from DEM, according to Beven and Kirkby (1979) 
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Stepwise procedures combined with expert knowledge were used to reduce collinearity and 
to select the factors with a relevant and supposed causal relation to the spatial distribution 
of land use. Logistic regression assumes the data to be statistically independent and 
identically distributed. However, spatial land use data have the tendency to be dependent, 
known as spatial autocorrelation (Anselin and Griffith, 1988). We minimized the influence 
of spatial autocorrelation on the regression by performing the regression on a random 
sample of grid cells at a certain minimum distance from each other (Overmars et al., 2003). 
To evaluate the performance of the regression model we used the Relative Operating 
Characteristic (ROC), which is a common measure for the goodness-of-fit of a logistic 
regression model. The ROC of an ideal model outcome is 1, while a random classifier 
achieves approximately 0.5 (Swets, 1988). 
 
2.3.2.2. Land use change scenarios 

Since Roman times humans have altered the land in the Mediterranean area. Clearing, 
reclamation and terracing of large areas in the inland took place mainly in the 17th and 18th 
century as a consequence of high population pressure (Ruecker et al., 1998). In the 1950s 
intensification and industrialisation of agriculture led to expansion of irrigation and also to 
massive abandonment of non-mechanisable areas (Barberá et al., 1997). Intensive 
agricultural systems, mainly fruit trees, began to concentrate in the more fertile areas, while 
marginal areas, mainly cultivated with cereals, were abandoned (Romero Díaz et al., 2002). 
During the last decades, abandonment continued, as a result of industrialisation and 
increased economic importance of tourism (Fernandez-Ales et al., 1992). In the Carcavo 
basin land use changed considerably, especially in the seventies due to the large scale 
reforestation. Furthermore a large shift in agricultural land use occurred, as almonds, olives 
and grapes replaced cereals. Abandonment of agricultural land will probably increase in 
many regions of the Mediterranean because of changing socio-economic and climatic 
circumstances. Decreasing EU-support, continuing rural-urban migration, increasing 
production costs, and increasing land degradation will lead to abandonment. Furthermore, 
most climate change scenarios predict less and more irregular rainfall in the Mediterranean 
(Christensen et al., 2007). This will reduce agricultural productivity and lead to further 
abandonment (Olesen and Bindi, 2002). 
 
We used the scenarios from the MedAction project (De Groot and Rotmans, 2004), because 
these were adapted towards rural and more isolated areas in the Mediterranean and 
developed to serve local decision-making with regard to policy formulation for sustainable 
land management to combat desertification. The three scenarios are Knowledge is King 

(KK), Big is Beautiful (BB) and Convulsive Change (CC) (Kok et al., 2006). In the KK-
scenario ICT revolution and important inventions trigger fundamental societal changes. 
Initially agriculture experiences large problems with increased competition from the east 
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when the EU expands. Later, the position of the entire agricultural sector improves 
strongly, when the water availability problem is solved and irrigated agriculture expands. 
The tourist industry becomes the most important economic sector in the south of Spain, 
benefiting from cheaper transport, increased water availability, and Sunbelt formation. 
More investments in reforestation programs speed up the expansion of forested areas. In the 
BB-scenario a widespread ‘merger mania’ oversteps all limits, initiating societal 
degeneration. First, increased competition, radical reforms of the Common Agricultural 
Policy and phasing out of most subsidy systems are a severe blow especially for the smaller 
farmers. Later climate change initiates the total collapse of agriculture, leading to 
widespread land abandonment. Finally, in the CC-scenario accelerated climate change 
triggers desert formation and outpaces society’s ability to adapt. Decreasing precipitation 
and water availability terminate most rainfed agriculture. Irrigation is first strongly reduced, 
but later the surviving farmers profit from the water transportation network. Towards 2030, 
society gradually shows signs of resilience and slowly learns how to deal with droughts, 
water scarcity in cities and in the tourist and agricultural sectors, as well as the resulting 
land degradation. The scenarios are described in Table 2.2, and have a time frame until 
2030. 
 
Table 2.2. Summary of the changes of factors, actors and sectors in the three scenarios (Kok et al., 
2006) 

 Convulsive Change  Knowledge is King  Big is Beautiful  
Factors  
Water availability  Decreases  Increases strongly  Decreases  
Land degradation  Increases strongly  Largely controlled  Increases  
Migration  Increases strongly  Increases very strongly  Increases very strongly  
Economic 
stability  

Decreases (strongly)  Relatively high  Decreases very strongly  

Sectors  
Agriculture  Severely weakened  Generally strong but 

divided  
Collapses without recovery  

Tourism 
(number)  

Decreases slightly  Increases very strongly  Decreases strongly  

Forest fires Increases, but 
controlled  

Increases slightly  Uncontrollable problem  

Civic  Generally healthy  Healthy but divided  Unhealthy and divided  
Actors  
Gov. bodies (EU)  Relatively small  EU expands greatly  Power supra-national  
Businesses  Environmentally 

friendly  
Strong influence  Very powerful, later 

damaged  
NGOs  More important  Highly organised, 

powerful  
Small role  

Scientists  Influence small  Key actor  Science stagnates  
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Based on the MedAction project, which parameterised and quantified the same scenarios 
for a spatial policy support system for the Guadalentín watershed in Southeast Spain, we 
estimated the effect of the foreseen changes on the land use requirements for the Carcavo 
basin for 2004 to 2015 (Figure 2.2). Besides the three described scenarios we used a base 
scenario that represents the continuation of land use change as observed during the previous 
period (1985-2004). During the first years the trend of the base scenario is followed and 
from 2008 the influence of each scenario is incorporated, because current land use policies 
have already a certain projection period. In the KK-scenario a strong decrease in cereals is 
projected and an increase of 2 percent per year for almond/olive and grapes as a result of 
more available water, consequently the area of abandoned land first increases and decreases 
after 2010. The BB-scenario projects after the first years a strong decrease of 10 percent per 
year for almond/olive and grapes and 15 percent per year for cereals due to the abolishment 
of subsidies, which results in an enormous increase of abandoned land. Finally the CC-
scenario has a decrease of 3 percent per year for almond/olive and grapes and 10 percent 
per year for cereals, due to the decreasing water availability. The land use requirements for 
the other land uses that are not in Figure 2.2 do not or minimally change, only for the KK-
scenario an increase of reforested areas is taken into account, because more is invested in 
reforestation programs for desertified areas. 
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Figure 2.2. Land use requirements for the four scenarios 
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2.3.2.3. Allocation procedure 

The land use change allocation procedure of the CLUE-s model makes use of the derived 
logistic regression models and the change in land requirements as described above in 
combination with dynamic modelling of the competition among land uses. Land use type 
specific conversion settings determine the spatio-temporal dynamics of the simulation. Two 
sets of parameters characterize the individual land use types: conversion elasticities and 
land use transition sequences. The conversion elasticities are related to the reversibility of 
land use change. Land use types with high capital investment will not easily be converted in 
other uses as long as there is sufficient demand, e.g. olive groves. Other land use types 
easily shift location when the location becomes more suitable for other land use types, e.g. 
abandoned land. The land use transition sequences are specified in a land use conversion 
matrix. For each land use type it is indicated in what other land use types it can change 
during the next or following time steps. The conversions that are restricted by a certain 
spatial policy can be indicated in the land use conversion matrix as well, e.g. reforested 
land and semi-natural vegetation are not allowed to change into agriculture. 
 
When all input is provided the CLUE-s model calculates, with discrete time steps, the most 
likely changes in land use given the above described restrictions and suitabilities. For all 
grid cells the total probability is calculated for each of the land use types, based on the 
location suitabilities following the logistic regressions, the conversion elasticity and an 
iteration variable that is indicative for the relative competitive strength of the land use type. 
For each location the land use with the highest total probability is allocated as long as the 
change does not contradict the settings of the conversion matrix. In an iterative procedure 
the iteration variable is adjusted until the allocated area equals the land requirements for all 
land uses.  
 
2.3.2.4. Calibration 

We calibrated the model for the period 1985-2004 for which the land use changes were 
known. The land use conversion elasticities were used as calibration parameters and with 
the multiple resolution procedure, developed by Costanza (1989), we calculated the model 
goodness-of-fit. This method yields indices that summarize the proportion of agreement 
over a range of different resolutions. Since the calculated goodness-of-fit of the model is 
only a relative value it had to be compared with a certain default, in this case the null model 
was the map with the initial conditions of 1985. After the calibration the model was run for 
the period 2004 to 2015 for the four scenarios. 
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2.3.3. Gully erosion vulnerability model 

The final step is the link from abandoned land to vulnerable areas for gully erosion. Several 
models have been developed for the prediction of gully erosion rates and volumes, 
however, all these models lack the routine to predict the location of gully erosion (Poesen et 
al., 1998). Therefore we constructed a simple GIS-model based on the controlling factors of 
gully erosion to predict the location of potentially vulnerable areas for gully erosion. These 
controlling factors are soil type, land use, climate and topography (Poesen et al., 2003; 
Valentin et al., 2005). Since the study area is small the spatial variation in rainfall can be 
neglected, which leaves three factors that have to be included in the model. The map with 
the simulated abandoned lands in 2015 served as an input for the land use factor. The 
geological map served as a proxy for soil type, because soils in these semi-arid areas are 
closely related to the lithology. All marls and Quaternary fills were considered to be 
potentially vulnerable to gully erosion, because gullies occur more frequent in soil types 
with high silt content (Vandekerckhove et al., 2000a). 
 
For the topography factor we used the topographic threshold concept, which predicts 
locations in the landscape where gully heads might develop. The topographic threshold can 
be represented by a negative power-equation: S= aA-b, where S is the local slope, A the 
drainage area and a en b coefficients depending on the environmental characteristics. This 
S-A relation describes the position in the landscape where ephemeral and permanent gully 
heads may develop (Poesen et al., 2003). For Southeast Spain Vandekerckhove et al. 
(2000b) found values for a around 0.16 and for b 0.15. With these values we calculated the 
critical slope and selected the areas where the real slope exceeded the critical slope. Finally 
we derived the potentially vulnerable areas for gully erosion, which should be under 
abandoned land, have erodible soils, and be in a topographic position where gully heads 
might develop. 
 
 
2.4. Results 
 
2.4.1. Gully survey 

Table 2.3 shows the results of the gully survey. All abandoned sites had more gullies and a 
higher gully density than the comparable cultivated sites. On one of the cultivated sites no 
gully at all was found. When we compare the estimated gully volumes the difference is 
even more pronounced. The gully volume on the abandoned sites is about a factor seven 
higher compared to the cultivated sites, although the variation is very large. Gully activity 
was higher for most abandoned sites, while vegetation cover in the gully was not 
significantly different. 
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Table 2.3. Averaged gully characteristics per site (standard deviation in parentheses) 

Site Land use Size Position Gullies Density Activity* Vegetation* Volume 
  (ha)  (number) (gully/ha)   (m3) 

1 Abandoned 17 Plateau 18 1.1 1.7 (0.7) 1.0 (0.6) 55 (101) 
2 Almond 11 Plateau 5 0.5 0.6 (0.5) 1.2 (0.4) 7.7 (9.2) 
3 Abandoned 1.4 Channel head 18 12.6 1.8 (0.4) 0.9 (0.7) 37 (73) 
4 Almond 3.4 Channel head 7 2.1 1.9 (0.4) 0.7 (0.5) 4.9 (6.8) 
5 Abandoned 4.4 Valley 11 2.5 1.6 (0.8) 0.8 (0.6) 2.2 (4.0) 
6 Almond 4.2 Valley 0 0 - - - 

* Activity and vegetation are ranging from low (1) to high (3) 

 

2.4.2. Land abandonment modelling 

Table 2.4 shows the driving factors and the standardized beta-coefficients for each land use 
type for 2004. Negative values mean that the probability will decrease upon an increase in 
the value of the independent variable, while positive values indicate an increase in 
probability. Slope was for all land use types an important factor explaining the spatial 
location, in the case of crops a negative one, while for reforested areas and semi-natural 
vegetation a positive one. Another important factor for almond/olives was the presence of 
irrigation. Lithology was also a driving factor; almonds/olives, grapes and abandoned fields 
are mainly found on marls, while reforested areas were primarily found on Keuper. The 
standardized beta-coefficients show that for almonds/olives a low slope and the presence of 
irrigation were most important, while for forest low solar radiation, no flat position and 
further away from the main road were the most important factors explaining the spatial 
location. For abandoned land the standardized coefficients were less pronounced, which 
indicates that there was not one driving factor that determined the distribution, but a 
combination of several driving factors. The ROC-values for abandoned land and semi-
natural vegetation were lower, which means that the driving factors do not explain the 
spatial pattern of these land use types completely. For the other land use types the ROC was 
rather high ranging from 0.83 till 0.96, which indicates a good fit of the logistic regression 
model.  
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Table 2.4. Driving factors and the standardized beta-coefficients for each land use type 

Driving factor Almonds / 
olives 

Cereals Grapes Abandoned Semi-
natural 

Forest Reforested Built-
up 

Altitude 0.078 0.156 -0.051  -0.161 0.093 -0.078 -0.044 

Slope -0.458 -0.554 -0.146 -0.149 0.318   0.026 

Solar radiation    0.089 0.232 -0.282 0.068  

Flat position 0.060 0.071   -0.070 -0.349 -0.240  

Valley position   -0.049      

Slope position 0.158 0.109  0.022    0.006 

Top position   -0.234  0.082    

Marl 0.057 0.255 0.043 0.017 -0.124    

Keuper      -0.088 0.067  

Limestone    -0.048     

Housing density 0.180 -0.088  0.024  -0.246 -0.134  

Distance to main road 0.063  -0.074  -0.186 -0.553 0.261 -0.005 

Wetness index       -0.062 -0.010 

Irrigated area 0.292      -0.367  

Distance to road -0.052 -0.048  0.037 0.124   -0.063 

Travel time to town  0.065 0.026 -0.019   -0.152  

ROC 0.90 0.94 0.91 0.81 0.73 0.96 0.83 0.91 

 
Figure 2.3 shows the predicted land use maps for the four scenarios. In all scenarios the 
cereals only remain in the southwest corner of the study area on relatively flat marls that 
have no irrigation possibilities. The almonds and olives increase or remain mainly in the 
central flat parts that have irrigation possibilities and in the southeast of the study area. New 
abandoned land mainly occurs in the central southern part near the borders of the 
reforestation areas. The two scenarios with a large increase of abandonment (BB and CC-
scenario) also show that small fields in the central part are abandoned and agriculture only 
remains on large flat fields. 
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Figure 2.3. Current land use and simulated land use maps for 2015 
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2.4.3. Vulnerable areas for gully erosion 

Based on the land use map of 2004 the area vulnerable to gully erosion consists of 61 ha 
out of 206 ha of abandoned land. When land abandonment is simulated the vulnerable area 
to gully erosion changes and an additional area of 26 ha for the base scenario, 18 ha for the 
KK-scenario, 176 ha for the BB-scenario and 78 ha for the CC-scenario become vulnerable 
to gully erosion (Figure 2.4). Most of the vulnerable areas are located around channel heads 
or along the channel walls. 
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Figure 2.4. New vulnerable areas for gully erosion (in black) with a hill shade map as background 
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2.5. Discussion 
 
2.5.1. Gully erosion 

A comparison of gullies on abandoned and cultivated land is complicated, because 
cultivated land is under management, which might remove traces of a gully, i.e. by 
ploughing and filling of newly formed gullies. However, especially bank gullies, which 
often have a vertical headwall from the channel up to 5 meter depth, should remain clearly 
visible since they are difficult to fill. During the survey no remnants of recently filled 
gullies were found, only in some gullies pruned almond branches were found, which 
probably decreased the gully activity. Furthermore around some gullies and along some 
field boundaries small earth dams were constructed to prevent runoff to enter the gully. 
Oostwoud Wijdenes et al. (2000) also found these control dams and suggested that they 
were responsible for the poor statistical relationship between land use and gully activity. 
This supports the assumption that gully erosion is higher on abandoned fields, because well 
maintained soil conservation measures on cultivated fields reduce gully erosion. 
 
Normally one would expect more gully erosion in tilled soil (Poesen et al., 2003), since the 
critical flow shear stress values are lower for loose soils (Franti et al., 1999). However, 
surface storage and infiltration capacity also improves in tilled soils, which increases the 
threshold for runoff occurrence. Since the soils in the area are very susceptible to slaking 
the farmers plough their almond and olive groves frequently, up to five times per year, to 
prevent slaking of the soil and suppress weed growth (van Wesemael et al., 2003). When 
abandoned fields are not ploughed anymore the soil surface starts to slake and a crust is 
formed. This has also been observed in sandy Sahelian soils where crusts developed during 
fallow periods as a result of dust deposition and colonisation by blue green algae (Valentin 
et al., 2004), which enhanced gully development. Similar crusting processes might also 
explain why widespread abandonment of communal cultivated fields in South Africa has 
been associated with gully initiation and intensification (Kakembo and Rowntree, 2003). 
 
Other studies that indicate higher erosion risks at abandoned fields are Lasanta et al. (2000) 
who obtained a very quick response to precipitation, high peak flows, and a shallow wetting 
front on abandoned fields, which confirmed the effects of low density of plant cover and 
the development of a micro-crust. Oostwoud Wijdenes et al. (1999) found that the type of 
gully head changes from gradual on cultivated land to rill-abrupt and abrupt on abandoned 
land, which indicates an increase in sediment production from abandoned lands. Finally, 
Cammeraat et al. (2005) observed an increased landslide risk on abandoned slopes in a 
more humid part of Spain. 
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2.5.2. Land abandonment modelling 

The ROC-values of the logistic regression models ranged from 0.73 till 0.96, which is fairly 
high for land use change modelling, given that Pontius and Schneider (2001) consider 
values above 0.7 as acceptable and values beyond 0.8 as excellent. Especially natural forest 
has a very high ROC-value, which indicates that its location can be very well predicted. On 
the contrary semi-natural vegetation and abandoned land are more difficult to predict, since 
these land use types can be considered as ‘remaining’ land uses, leading to lower ROC-
values. Especially semi-natural vegetation can be found at diverse locations in the 
landscape, ranging from channel bottoms in marls to top positions on limestone mountains. 
This diversity makes it difficult to obtain driving factors that are valid for the whole area. A 
possible solution is the use of a predefined suitability variable as driving factor. Besides the 
drivers of the different agricultural land uses are diverse, and abandoned land originates 
from these different agricultural land use types, which makes it a mixed bunch of land, 
resulting in a lower ROC value. 
 
The results of the multiple resolution procedure for the model goodness-of-fit after 
calibration (Figure 2.5) show that the simulation for 1985-2004 performed better than the 
null model. This means that the overall proportion of agreement between the actual land use 
map of 2004 and the simulated land use map is higher than for the null model. The 
simulation performed better for larger window sizes, which indicates that regional land use 
is simulated well, but at grid cell scale the simulation performed less. Local land use 
changes are more difficult to predict due to decisions of individual land users, while 
regional land use changes are easier to predict since these are more related to spatial driving 
factors. Pontius et al. (2008) compared nine different land use models and concluded that 
only half of the models were able to predict more accurately all land use changes than the 
null model at the fine resolution of the raw data. 
 
The projected land use maps show a coherent visualization of possible land use 
distributions in 2015. The locations of newly abandoned areas are in agreement with the 
areas one would expect to be abandoned knowing the study area. Small fields without 
irrigation possibilities, located on slopes and valley bottoms, and on more remote places are 
abandoned first, which is also described in literature (MacDonald et al., 2000). Of all 
scenarios the CC-scenario is probably closest to the present-day reality, bearing in mind the 
expected increase of land abandonment due to climate change and changing European 
policies (Olesen and Bindi, 2002). However, unexpected changes and diversity in scenarios 
are important in order to cover the whole range of possibilities (Kok et al., 2006), therefore 
we also included the effects of a more extreme BB-scenario and the desired KK-scenario. 
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Figure 2.5. Plot of window size versus proportion of agreement 
 
The prediction of land abandonment as presented in our paper illustrated that dynamic 
modelling of the interaction between spatial and temporal dynamics enables us to translate 
linear changes in land use requirements into non-linear impacts on the functioning of the 
landscape, e.g. gully erosion. A limitation of the model is that household/farm specific 
conditions are not incorporated, which can have significant consequences, e.g. once a 
farmer decides to retire his land might be abandoned, but the model will not allocate this 
change to the fields belonging to the farm, but to the location with the highest probability at 
regional level. 
 
2.5.3. Vulnerable areas for gully erosion 

Most of the areas vulnerable to gully erosion are located around channel heads or along 
channel walls, i.e. potential bank gullies, which is logical considering the steep gradient at 
these sites. Obviously the areas are potentially vulnerable and in reality gullies will only 
develop on a fraction of the surface. Nevertheless, only a small drainage area is necessary 
for the development of a gully due to the steep gradient along the channel (Vandekerckhove 
et al., 2000a). The exact location of soil and water conservation measures should be 
determined in the field where local topography determines the exact location of potential 
gullies. Furthermore, input data at higher resolution, especially the DEM, would improve 
the identification of vulnerable areas. Some areas, mainly in the central southern part, are 
vulnerable areas in all four scenarios. This is an indication that these areas are very likely to 
be abandoned. Especially there preventive soil and water conservation measures can be 
taken in advance.  
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We focused in our study only on areas vulnerable to gully erosion due to land 
abandonment. Since in cultivated fields already some type of soil conservation management 
occurs, e.g. regular ploughing and small ditches around fields, which mitigate gully erosion. 
On the contrary gullies in semi-natural areas already reached a certain steady state 
condition, and no major increase in erosion rate is expected. Whereas in abandoned land the 
process of gully erosion is just about to start, which means that potentially much more 
erodible sediment is available. 
 
 
2.6. Conclusion 
 
Gully erosion in semi-arid areas, like Southeast Spain, is higher on abandoned fields 
compared to cultivated fields. A slow vegetation recovery, soil crusting, and lack of 
maintenance of agricultural terraces explain this increase in gully erosion after 
abandonment. We project an increase of abandoned land, which will mainly occur on fields 
that have no irrigation possibilities, are located on slopes or in valley bottoms, and in more 
remote areas. However, these areas correspond with areas that have a higher gully erosion 
risk, since most of the vulnerable areas are located around channel heads or along channel 
walls. The combination of more gully erosion on abandoned fields and the expected 
increase of land abandonment is potentially a big problem in relation to land degradation 
and reservoir sedimentation. Nevertheless, the identification of potentially vulnerable areas 
enables soil conservationists and engineers to timely mitigate gully erosion by applying 
preventive soil and water conservation practices, e.g. revegetation of terrace edges. The 
visualisation of the spread of potential future land degradation may be an incentive for 
planners and policy makers to consider alternatives for abandoned agricultural areas. 
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