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Summary 
 
 
The objective of this thesis was to study the interactions between soil, vegetation and 
erosion in the context of agricultural land abandonment at multiple scales in a semi-arid 
environment. The research is focused on three central themes, i.e. soil erosion, scale issues 
and agricultural land abandonment. Soil erosion is one of the main environmental problems 
in Mediterranean countries which results in soil quality loss and off-site effects such as 
flash flooding and reservoir sedimentation. For the mitigation of soil erosion it is important 
to understand the mechanisms and the critical soil conditions that are necessary for 
maintaining and restoring soil quality. In soil erosion research the issue of scale is very 
important. Different processes control erosion at the various spatial as well as temporal 
scales, which leads to different runoff and erosion rates. The spatial scales in this research 
range from plot to catchment and the temporal scales from minutes to decades. Agricultural 
land abandonment is one of the main changes in land use in marginal areas of northern 
Mediterranean countries. However, not much is known about the consequences of land 
abandonment in terms of land degradation. On the one hand an increase in vegetation cover 
can decrease erosion, but on the other hand existing soil and water conservation structures 
are no longer maintained, which can increase erosion. To study these three themes the 
Carcavo basin was selected as study area. This basin is a catchment in Southeast Spain and 
is representative for marginal agriculture in semi-arid environments. 
 
In Chapter 2 vulnerable areas for gully erosion were identified using different scenarios of 
land abandonment. A field survey showed that abandoned fields are more vulnerable to 
gully erosion compared to cultivated fields. An explanation is the increased runoff 
concentration on abandoned land due to crust formation and reduced surface storage 
capacity. The spatial dynamics of land abandonment were simulated with a spatially 
explicit land use change model for the period 2004 to 2015 for four different land use 
change scenarios. These results were used to identify vulnerable areas for gully erosion by a 
simple GIS-model based on the controlling factors of gully erosion. The potentially 
vulnerable areas for gully erosion increased for all scenarios ranging from 18 ha to 176 ha. 
The results showed that most of the vulnerable areas are located around channel heads or 
along channel walls. The combination of a higher gully erosion risk on abandoned fields 
and an expected increase of land abandonment is potentially a big problem in relation to 
land degradation and reservoir sedimentation. The identification of vulnerable areas enables 
soil conservationists and engineers to mitigate gully erosion by applying preventive 
conservation practices. 
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In Chapter 3 the development of spatial heterogeneity in vegetation and soil properties after 
land abandonment was studied. The vegetation composition was described, soil samples 
collected and detailed aerial photographs were made for two series of abandoned fields on 
marl and calcrete. These images were classified into bare and vegetated patches, and spatial 
metrics were calculated for each site. The results showed that recovery of vegetation and 
changes in soil properties after land abandonment are slow and take at least 40 years under 
semi-arid conditions. Vegetation succession on calcrete soils appeared to be faster than on 
marly soils, probably because more water is available on calcrete soils due to a higher rock 
fragment cover. Organic matter, aggregate stability and electrical conductivity were all 
significantly higher under vegetated patches. Additionally, a clear linear relationship 
between vegetation cover and most spatial metrics was found. This relationship was used in 
Chapter 5 for the upscaling of spotted vegetation patterns.  
 
In Chapter 4 erosion and terrace failure on abandoned land was studied in more detail. At 
catchment scale all abandoned fields were surveyed and characteristics of each field were 
described. Additionally abandoned and cultivated terraces were surveyed to determine the 
factors that induce terrace failure. At field scale a detailed DEM was constructed for an 
abandoned terrace field to calculate sediment losses since time of abandonment. The results 
revealed that more than half of the abandoned fields in the Carcavo basin have moderate to 
severe erosion and the statistical analysis showed that these fields have significantly steeper 
slopes, are terraced and had cereals as previous land use. Factors that increase the risk of 
terrace failure were land abandonment, steeper terrace slope, loam texture, valley bottom 
position and shrubs on the terrace wall. The reconstructed soil erosion rate 
(87 ton ha-1 year-1) confirmed the importance of gully erosion on these abandoned terrace 
fields. Potential soil and water conservation practices to mitigate soil erosion after 
abandonment are maintenance of terrace walls and revegetation with indigenous grass 
species on spots with concentrated flow. 
 
Vegetation in semi-arid areas is characterised by heterogeneous patterns of bare and 
vegetated patches, which has important consequences for biotic and abiotic processes. In 
Chapter 5 the upscaling of these vegetation patterns, based on QuickBird imagery and 
detailed aerial photographs, was described. At plot scale detailed aerial photographs were 
made using a balloon-mounted camera system, which were classified into bare and 
vegetated patches, to derive the vegetation cover. At catchment scale ten vegetation indices 
were determined for a high resolution QuickBird image of the study area. These indices 
were compared with the observed vegetation cover to test which vegetation index had the 
best correlation. The results showed that most vegetation indices had poor fits with the 
observed vegetation cover. A simple regression based on the green and red reflectance 
performed best with a R2 of 0.91. The low correlations of the other indices are probably 
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related to the atypical spectral behaviour of natural semi-arid vegetation, which is 
physiologically adapted to dry conditions, and exhibits lower near-infrared reflectances. 
Consequently, the DVI based indices perform less well, since these are based on the 
difference between the red and near-infrared reflectance. Determination of vegetation cover 
in semi-arid environments should therefore include calibration of the selected vegetation 
index with local field data. 
 
One of the reasons for scale dependency in soil erosion research is the influence of sinks, 
i.e. areas of infiltration and sedimentation, which lower the hydrological connectivity and 
decrease the area specific runoff and sediment yield. In Chapter 6 runoff and sediment 
dynamics were simulated at catchment scale with the LAPSUS model. The model included 
the effects of plot and hillslope scale features that influence the hydrological connectivity. 
For the study area vegetation patches and agricultural terraces were the relevant sinks at 
plot and hillslope scale, respectively. The infiltration module of LAPSUS was elaborated to 
integrate these runoff sinks by adapting the parameters runoff threshold and runoff 
coefficient. These parameters were derived from a rainfall simulation database. The results 
showed that the spatial distribution of vegetation patches and agricultural terraces largely 
determines the hydrological connectivity at catchment scale. Runoff and sediment yield for 
the scenario without agricultural terraces were respectively a factor four and nine higher 
compared to the current situation. Distributed hydrological and erosion models should 
therefore take account of relevant sinks at finer scales in order to simulate patterns of runoff 
and erosion correctly at broader scales. 
 
In the last chapter the conclusions from the previous chapters were summarised and the 
results and implications of this research in relation to the three central themes were 
discussed. Key aspects of this thesis which deserve further research attention are 
hydrological connectivity, distributed modelling of runoff and erosion and the multi-scale 
approach. Connectivity mapping after large events, as applied in the RECONDES project, 
is a relatively quick methodology to obtain a good overview of the spatial distribution of 
runoff and erosion. These patterns can then be used to calibrate or validate distributed 
erosion models. Runoff and soil erosion modelling should focus more on spatial patterns, 
which are important for the identification of erosion hotspots. A multi-scale approach for 
soil erosion research allows for the understanding of processes at finer scales and for the 
assessment of effects at broader (catchment) scales.  
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