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PREFACE 

 

 

 

 

 

 

Much research has been undertaken within the European Union to understand the 

process of land degradation and desertification, to develop tools for modelling these 

processes and predicting impacts under future scenarios of climate and land use 

change, and to develop indices for early warning systems and assessment of 

vulnerability.  

The research is now moving on to address the development of approaches and 

methods of combating and mitigating desertification. The RECONDES project is a 

contribution to this and it has been funded by Directorate General For Research (DG 

RTD), under the Sustainable Development, Global Change and Ecosystems Sixth 

Framework Programme.  

This publication aims to provide a review of background information and the state of 

existing knowledge that relate to RECONDES project and contribute to the 

implementation of the UNCCD Convention to Combat Desertification. 

We would like to express our gratitude to the authors for their constructive 

contributions. A word of thank is also due to Maria Pavlidou for her efforts in issuing 

this publication and Viviane Veevaete for her dedicated secretariat support.  
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      Desertification and land degradation 

Natural Resources Management Unit 
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INTRODUCTION 
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RECONDES project, SE Spain and Tuscany, and some of the typical characteristics 

of the dry Mediterranean lands. In section 4 present knowledge and views of the 

interactions of plants with degradation processes are examined. Section 5 provides 

brief reviews on other background knowledge relating to policies, practices and 

scenarios that are relevant to the RECONDES project as context for potential 

application of the ideas.  

 

There then follow the land unit reviews. Three of these are particular land uses: 

reforested land, cropland, and abandoned / semi-natural land. Together they account 

for much of the land use in these marginal lands of the Mediterranean region. At the 

next scale the connections between the mosaic of land use types is examined on 

hillslopes and through to river valleys and channels. The largest land unit and the 

scale of synthesis is that of the small catchment (10-30 km
2
). 

 

The reviews are concluded by a chapter in which the present views are brought 

together into a conceptual model to provide the basis and framework for the research 

in RECONDES. This is to ensure that there is a summary of the basic premises on 

which our approach to the problem is based. It provides a brief summary of the basic 

theoretical ideas and the hypotheses which the project is pursuing. It provides a 

platform for the subsequent research.  

 

 

 

 

 

 

 

 

 

J M Hooke       Portsmouth,UK 

P J Sandercock       
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Chapter 11 

 

LAND DEGRADATION AND VEGETATION: A CATCHMENT VIEW 

 
Lorenzo Borselli

1
, Ermanno Busoni

1
, Costanza Calzolari

1
, Alessandro Chiarucci

2
, Simona 

Maccherini
2
 Michela Marignani

1,2
, Dino Torri

1 

 
1/ Consiglio Nazionale Delle Ricerche - Istituto di Ricerca per la Protezione Idrogeologica (CNR-IRPI), Italy 

2/ Dip. Scienze Ambientali, Università di Siena, Italy 

 

The Communication from the Commission to the Council, the European Parliament, the Economic 

and Social Committee and the Committee of the Regions - Towards a Thematic Strategy for Soil 

Protection (COM/2002/0179 final) recognizes the following threats to soil: erosion, decline in 

organic matter, soil contamination (local and diffuse soil contamination), soil sealing, soil 

compaction, decline in soil biodiversity, salinisation and, last but not least, floods and landslides. 

All these processes may somewhat be linked to, or to be considered as triggers for land degradation 

and, in the worst cases, to desertification. Land degradation has to be considered as the first step to 

desertification, according to the UNCCD (1994) definition. Climate change, locally or globally 

considered, is another great threat that can lead to land degradation and desertification. Land 

degradation in the Mediterranean region has increased recently for a variety of reasons and is 

estimated to threaten over 60% of the land in southern Europe (UNEP, 1991). Desertification  is the 

final result of the degradation process that affects the area with relevant impact on ecosystem and 

human activities (Perez-Trejo,1992; Puigdefabregas and Mendizabal,1998; Thornes ,1999; 

Yassoglou,1999). Soil erosion processes have a strong impact on desertification in Mediterranean 

areas. These processes have been reviewed by Poesen and Hooke (1999), and received a specialized 

efforts in modelling (Kirkby et al. 1998 ). 
 

Land degradation:  processes and thresholds 
 

Land degradation and desertification are processes of paramount importance as they are both effects 

and engines of the accelerated climatic change that our planet seems to be experiencing. Among the 

land degradation types soil erosion plays an important role. It is actually the most widespread form 

of soil degradation, affecting about 109 Mha by water erosion and 549 Mha by wind erosion (Lal, 

2003). When soil is eroded soil organic matter is also eroded. The organic carbon exported in this 

way amounts roughly to 4-6 Pg a
-1

, 20% of which returns to the atmosphere due to mineralization  

(Lal, 2003), hence substantially contributing to greenhouse gas emission.  

 

Combating land degradation and desertification must be done by approaching the problem from 

different angles: soil erosion and desertification are the result of many factors interacting among 

them at different scales. Here we will try to review the interaction at a catchment scale. This scale 

definition is ambiguous because catchments can be represented at scales varying from fine  (micro-

catchment) to extremely coarse (continental catchment) and the approach is realized always in order 

to have insights within the catchment divide.  As it is quite useless to deliberately throw away 

available pieces of information just because they are too detailed, people collect and use data at a 

mixture of scales: usually a finer scale for representing relief and a broader scale for all the other 

catchment characteristics, the coarser often being the one for meteorological data. In any case, 

catchments are not represented as units but as many connected pieces so that the insight is not 

anymore the one of a black-box catchment but that of a series of tessera each one with its own 

 

Nevertheless, something that is aggregated at an upper level can be found when the object of the 

study is either a very large basin or the approach is landscape based, with regional or even 
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continental implications.  Recent papers, dealing with causes of land degradation, point to improper 

farming practices, overgrazing, conversion of rangelands to croplands in marginal areas and 

uncontrolled expansion of urban and rural settlement. Khresat et al. (1998) attribute land 

degradation in north-western Jordan to loss of soil fertility and productivity, overgrazing and water 

and wind erosion. Salinity, especially that induced by irrigation, is a degradation process of which 

farmers are usually aware such as for the Tragowel Plains, Victoria, Australia (Haw et al., 2000), 

but that is often under represented in official cartography (Curtis et al., 2003). Boardman et al. 

(2003) consider past overgrazing as the most likely cause of the degradation that brought the 

development of the badland and gully systems in the Sneeuberg uplands of the Great Karoo, South 

Africa. Puigdefabregas and Mendizabal (1998) point to the overexploitation of irrigated lands as hot 

spots of desertification. Most of these irrigated sites are vulnerable to rainfall variability and  water 

is overexploited. This brings soil salinization, exhaustion and deterioration of aquifers, and finally 

damages fluvial and wetland systems downstream. 

 

Besides the direct causes of land degradation exemplified in the papers cited above, the relevance of 

agricultural policies in land degradation cannot be omitted. Barbier (2000) examined some case 

studies in Sudan, Malawi, Nigeria, Ghana and Kenya to illustrate how policies, through economic 

incentives, can influence the attitude of poor rural households to conserve or degrade their land. 

Simpson et al. (2001) realized that regulations to prevent overgrazing were already in place from at 

least the 1200s AD  in Iceland. Nevertheless, the efforts to prevent land degradations were 

unsuccessful relative to the common lands. Failure to remove domestic livestock before the end of 

the growing season and lack of control were more likely to contribute to land degradation than 

absolute numbers of animals. Fortunately, a recent agreement was made between sheep farmers and 

including sustainable land use (Arnald and Bakarson (2003). 

 

Poverty remains one of the major causes of land degradation, as exemplified by Nyssen et al. 

(2004) when discussing present trends in land degradation in Ethiopia. The authors state that causes 

are to be found in the nature of past and present regional social relations and in the international 

unequal development. The authors express their belief that, with improved socio-economic 

conditions, land husbandry can become sustainable and reverse the present desertification and land 

degradation trend of the Ethiopian highlands. 

 

Labatt et al. (2004) have recently shown that the present-day climatic change is bringing an 

intensification of the hydrological cycle and continental runoff  in the last century. They found that 

an increase of 1°C of the global annual temperature is likely to bring a 4% increase in continental 

runoff. 

 

At the regional scale both increasing and decreasing trends were identified, depending on more 

the catchment and by their spatial distribution. A zone of higher infiltration capacity at the main 

channel or near the catchment outlet increases the precipitation thresholds for runoff. As the 

experience, summarised by the Curve Number Soil Conservation method for predicting catchment 

daily runoff (USDA-SCS,1969), exemplifies, vegetation (land use) plays the major role in runoff 

generation while soil and lithology are less important. Nevertheless, Godsey et al. (2004) showed 

that saturated hydraulic conductivity and its variation with depth can be responsible for major 

differences in the hydrological response of two basins covered by a dense rain forest but with 

different lithologies. Obviously, disentanglement of factors is not always possible and often is a 

complex set of subtle interactions that define the trend, as shown by Sullivan et al. (2004) for the 

increased flood frequency of the River Camel in Cornwall. 
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Montgomery and Brandon (2002) showed that a linear relationship between slope and erosion rate 

describes observations only at low gradient values. On steep, tectonically active mountains the 

relationships are non-linear.  Mass movements contribute to keep rates of relief lowering at a pace 

compatible with channel incision.  Threshold, or near-threshold slopes observed along the gorge of 

the Indus river and inside the Olympic Mountains support this view  (Burbank et al.,1996; 

Montgomery,2001). Hence, erosion rates in steep terrain increase greatly with only minor increases 

in slope or topographic relief, thus causing the relationship between gradient and erosion rate to be 

non-linear. These relationships have been further examined and improved by Montgomery (2003) 

who distinguishes between three different types of landscape with different slope-erosion rate 

relationships: tectonically active ranges where the relationship is non-linear, post-orogenetic zones, 

where the relation is about linear, and ancient cratons where erosion rate at catchment scale is 

dominated by the weathering rate when chemical denudation exceeds mechanical.  

 

Vegetation, especially in semiarid and arid environments, is rarely uniformly distributed but 

presents distinct patterns which are linked to strategies to survive droughts. Consequently there are 

situations where vegetation can flourish even in arid conditions because it grows in particular sites 

where it can collect water from areas around, even exploiting floods, (e.g., Domingo et al., 2001) or 

the alternation between bare soil and vegetated patches at a more detailed scale (see Valentin et al., 

1999). Cammeraat and Imeson (1999) from the study in SE Spain concluded that vegetation 

patterns are important in explaining hillslope hydrology and patterns in soil erosion. They must be 

considered in upscaling to catchment size because patterns are not randomly distributed. At the 

hillslope and basin scale, the spatial vegetation pattern determines overland flow concentration and 

soil erosion in a complex way that depends on how the vegetated spot or bands are oriented with 

respect to flow lines, how effective the vegetated bands are in catching and infiltrating rain and 

runon.  

 

The review made by Rey et al. (2004) about the vegetation and its effects on soil erosion defines an 

upper threshold of 70% of vegetation cover for hortonian overland flow to occur. Above such a 

threshold only saturated flow can be observed. Below 70% cover a homogeneously distributed 

vegetation keeps runoff diffuse, while a patchy distribution favours flow concentration. Still, cover 

density variations between 43 and 15% trigger rapid changes of sediment production while below 

15% cover there is practically no effect of vegetation on erosion.  This non-linear and non-

exponential effect of vegetation cover is appreciable at catchment scale too as exemplified by Rey 

et al. (2004). Position of vegetation patches within gully systems can dramatically change runoff 

and sediment export from the gully catchment.  

 

Holm et al. (2002) examined the relationships between rainfall and plant growth  on a hierarchical 

basis within a landscape approach. Studying arid landscapes in which the movement of resources  

important for plant growth was moderated by either individual shrubs and bushes (low-shrubland), 

or by bands or groves of trees and shrubs (low-woodland), they found that rainfall-use efficiency 

(defined by dividing surface density of phytomass  at each  grid-point by the corresponding annual 

rainfall) is positively related to primary productivity. Dysfunctional (i.e. degraded) landscapes have 

lower rainfall-use efficiencies. Better fit was obtained at the coarser spatial scales of patch-mosaics 

than at a scale of individual patches. 

 

Conditions and thresholds for vegetation  

 

In the following paragraphs the different conditions acting as thresholds for vegetation life and re-

vegetation strategies have been subdivided according to the main affecting factors. Obviously 

relationships between topics are complex and crosscutting references are unavoidable. Most of the 

cited studies do not refer specifically to the watershed scale, but contain interesting approaches for 

the RECONDES project.  
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Soil moisture control 

Even if it is difficult to highlight a direct, unique cause-effect relationship, soil moisture content, 

and soil properties related to this, has been recognized as one of the most effective factors in 

controlling vegetation distribution at hillslope (and catchment) scale (Cantòn et al., 2004b; Gomez-

Plaza et al., 2001; Chiarucci et al., 1995).  

In a Spanish semi-arid badlands area, Cantòn et al. (2004a) studied 4 different soil surface covers: 

bare marl regolite; lichen crust; Stipa tenacissima scattered cover; dwarf shrubs and annual shrubs. 

As expected the most arid zones were associated with bare soils, while under vegetation, with better 

developed soils, water content was higher. Lichen crusts seemed to be associated with different 

hydrological conditions depending on rainfall intensities: with higher intensities runoff production 

increased, leading to a lower soil moisture content, while with lower intensities lichens favoured 

infiltration, leading to higher moisture content. 

The moisture content was also detected as a main factor in controlling vegetation dynamics in a 

sub-humid badland area in Italy (Chiarucci et al., 1995) where a soil moisture trend was recognized 

associated with geomorphologic dynamics: most structured vegetation was associated with more 

stable surfaces and/or wetter conditions. Both the conditions were linked to the presence of deeper, 

better developed and structured soils (i.e. higher available water capacity).  

In wetter conditions, in mountainous badlands of Spain, Regues et al. (2000) found that the 

microclimatic factors affecting growing period, temperature and solar radiation, were more 

important for vegetation recovery than the available water content. In other words, in sub-humid 

areas moisture content, even in shallow soils, can be negligible, contrary to Mediterranean areas. 

 

Topographic control 

Topography exerts a direct and indirect control on vegetation distribution, acting in regulating soil 

moisture control. In the cited work on Italian badlands (Chiarucci et al., 1995) the moisture content 

was linked to soil characteristics, these last being strictly linked to topography.  

In Spain Cantòn et al. (2004a) demonstrated the topographic control over the vegetation distribution 

in badland catchments of Tabernas. The authors found that the distribution of different ground-

cover types, namely Stipa association, perennials, annuals, xero-halophytes, stratified vegetation, 

and more or less bare soil, is strongly influenced by terrain attributes such as slope, aspect, 

curvature, length of the slope, etc, and that the different ground cover types react differently to each 

attribute. As a general rule the stronger control on ground-cover types is exerted by local short 

range terrain attributes, i.e. slope, aspect and elevation, while a weaker influence is given by wider 

scale attributes, such as contributing area or slope length factor. This can be explained by the lack 

of continuity in runoff pattern, in the case of the Tabernas badlands site mostly due to scarce runoff 

production. This topic will be expanded in next paragraphs.  In a small catchment in semi-arid 

Spain, Gomez-Plaza et al. (2001) recognized a topographic control on soil moisture content in 

vegetated areas: upslope contributing area, aspect, soil profile curvature and soil depth were the 

most correlated factors. Temporal dynamics were also found linked to the vegetation cycle.    

 

Soil depth control 

The direct effect of soil depth on vegetation has been described by Kosmas et al. (2000a) in Lesvos 

Island. The authors defined critical soil characteristics for natural vegetation establishment: in the 

semi-arid conditions of insular Greece soil depth was found to be the most effective control factor, 

with a threshold value of 25-30 cm.  The highly variable environment of Lesvos Island (Kosmas et 

al., 2000b) was studied also for correlating vegetation performance to climate, soil texture, parent 

material, topography (slope angle) and degree of degradation at a more general scale: soil and 

vegetation maps and climatic characteristics were taken into account, showing broad, long term 

relations.    
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Effects of vegetation   

 

Vegetation and erosion have competitive interactions (Thornes 1985, 1990b; Trimble, 1990). 

Vegetation has strong and direct influence on wind and water soil erosion (Rey ,2004) and usually 

the vegetation effects are implemented in the most important soil erosion models (Kirkby et al. 

1998;  Merritt et al. 2003). Vegetation treatments have a role in mitigating erosion processes at field 

and catchment scales (Weltz et al.. 1997) and they will be treated in a specific paragraph.  

Vegetation control on soil properties and on runoff and soil erosion has been much studied at plot 

and slope scale, while less work has been done at the catchment scale. Catchment studies are 

usually aimed at model application/validation/calibration, GIS and/or Remote Sensing techniques 

implementation, and integration between the two (among the others Doe et al., 1996).  Hence, most 

of the studies deal with these topics. The scale of them is nevertheless too broad and the methods 

too general to be positively implemented at RECONDES level.  A number of plot or slope level 

researches have been conducted on sufficiently widespread conditions, so as to cover representative 

land units inside larger watershed. We will refer to these, trying to point out the most interesting 

topics. 

 

Catchment scale studies have been conducted in Australia (Connolly et al., 1997). Starting from 

previous studies in the area the authors integrated the runoff field measurements with estimates 

obtained with the aid of modelling tools (ANSWER). The interaction among soil properties related 

to hydrology and vegetation cover has been investigated, in a 9.7 ha catchment, in a semi-arid area 

of Australia, characterized by different stage recovery of vegetation, succeeding a period of 

overgrazing. Vegetation regrowth reduced runoff to 5% of rainfall, mainly reducing runoff 

generation for small rainfall events, while it did not affect runoff for greater events. Rainfall 

simulation showed that increased cover reduced surface sealing and increased hydraulic 

conductivity.  Revegetation strategy effectiveness was also investigated using scenario analysis.  

 

Scenario analysis has been applied in several works. Chen et al. (2003) in the loess plateau of China 

used LISEM model for simulating different land use scenarios. Simulations showed the importance 

of natural vegetation in controlling soil erosion on steeper areas of a catchment.  This last work is 

contained in a Catena Special issue devoted to participatory approach in land use planning with 

particular reference to soil erosion control (Ritsema (Ed.), 2003), and reporting the results of the EU 

funded project EROCHINA. These are subdivided in 4 sections, the first of which is dedicated to 

plant and soil properties. Wang et al.(2003) studied relationships between organic matter and 

nutrient content, and land use and topography, showing the positive effects of natural and semi-

natural vegetation. Liu et al.(2003) showed the effects of land use on random roughness, soil 

cohesion and aggregate stability, while Stolte et al. (2003) evidenced the effect on hydraulic 

conductivity.  The effect of land use on spatial and temporal soil moisture variations is shown by Fu 

et al. (2003). In their study the authors found that soil moisture in shrubland was significantly lower 

than in other land use types, mostly due to root pattern and depth.  The Catena special issue deals 

with a participatory approach in order to integrate social and economic issues in land use planning, 

as abandonment and re-vegetation, positively linked to soil erosion control, can lower a farmer's 

income.  

 

ANSWER model was also used in Argentina (Braud et al., 2001), for assessing the role of land 

cover in reducing erosion and runoff in an enclosed (from grazing) catchment. The authors, beside 

an unsatisfactory behaviour of runoff pathway modelling, described a strong scale effect in runoff 

measures in differently covered areas of the catchment: a dramatic runoff decrease was registered 

passing from plot scale measures to catchment scale.  

 

The same decrease was observed in other catchment scale studies and explained by Bergkamp 

(1998), and again in many other studies (for example Fitzjohn et al. 1998), with the lack of runoff 
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connectivity between runoff production areas and catchment outlet due to partial reinfiltration 

vegetation and soil forms a positive feedback with non-uniform infiltration and increased soil water 

retention. The assessment of land degradation could benefit greatly from acknowledging the 

importance of non-uniformity in hydrological processes. Furthermore, the presented measurements 

indicate that in discontinuous environments runoff measurements at fine scales cannot be 

extrapolated directly. In these environments a scaled approach needs to be adopted emphasizing the 

 

Francis et al. (1986) discussed scale dependency in assessing topographic control on soil moisture, 

vegetation and soil erosion. The non-uniform hydrology of patterned vegetation sites have been 

described in many papers, mostly in Spain (Bergkamp et al., 1996; Cammeraat and Imeson, 1999).  

Still, Bergkamp (1998) propose an interpretation of different scale observation within a hierarchical 

frame connecting different spatial scales from the finer to the broader. The influence of vegetation 

on soil characteristics, assessed by many authors (see again Bergkamp, 1998, for a review) must be 

assessed at different spatial and temporal scales.  

 

Vegetation role in controlling soil erosion have been studied in different parts of world.  A 

controversial result about vegetation role on runoff and erosion control was found by Descroix et al. 

(2001) in mountainous areas of Mexico, where more vegetated areas showed higher erosion and 

runoff rates. The authors concluded that soil surface properties, such as stone cover percentage, soil 

texture, organic matter content and aggregate stability, played a major role  in reducing runoff and 

erosion.  Casermeiro et al. (2004) focus on the relationships between composition and structure of 

natural scrub communities involved in soil erosion processes, in 29 scrub communities plots 

representative of the natural vegetation selected in a semi-arid Spanish basin. The effect of scrubs 

was assessed in rainfall simulation field experiments. The conclusion of the study, beside stating the 

importance of plant cover in reducing runoff and in supplying organic matter, stressed the 

importance of plant community growth form and structure, nanophanerophytes in pluristratified 

areas being the most effective in protecting from erosion.  Bochet et al. (1999, 1998) also studied 

scrubland in Spanish semi-arid areas. The studies focused on effects of some species (Stipa 

tenacissima,  Rosmarinus officinalis, and Anthyllis cytisoides) on spatial variability of soil 

properties and erosion protection.  Stipa and Rosmarinus showed the most positive effects.  

 

Archer et al. (2002) studied the below-ground characteristics in open non-shrub areas and shrub 

areas, in terms of hydraulic conductivity, root structure and distribution and soil texture. This 

allowed them to to create a conceptual model of below-ground features to understand water 

redistribution in shrub and non-shrub areas in a two-phase mosaic vegetation, in a catena of soils 

and vegetation in Rambla Honda catchment in southern Spain. They developed a conceptual model 

showing that the presence of coarse woody roots distributed to deeper soil depths in shrub areas 

allows for a more effective use of water.  

 

The increase in soil aggregate size and stability, and organic matter content was found to be 

affected by different water regimes, in shrubbed and unshrubbed microenvironments by Sarah and 

Rodeh (2004) in Israel. In dryer conditions organic matter accumulation and effects are less strong, 

suggesting a possible strategy in recovering natural vegetation in semi-arid degraded areas.  

 

Chisci et al. (2001) in a small catchment of central Italy studied the effect of a perennial agri-

forestry system, namely an association of Sulla (Hedysarum coronarium L.) and Saltbush (Atriplex 

halymus L.), on soil properties. Physical soil characteristics, such as aggregate stability and total 

porosity were positively correlated to sulla/atriplex association as compared to durum wheat 

cultivation, resulting in a higher protective capacity for runoff and erosion processes.  Effects of 

vegetation on aggregate stability were also reported by Cerdà (1996, 1998) in different landscapes 
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of Spain. Different types of vegetation were considered in different climatic and environmental 

conditions.  The effect of different types of vegetations on water balance was studied by Bellot et al. 

(1999) by means of simulation models, assessing the role for differently structured vegetation on 

evapotranspiration, soil moisture content and deep percolation.  Williamson et al. (2004), studied 

the effect of a grass land recovery on a ex chaparral area in Mediterranean USA.  The resilience of 

matorral environment in southern Spain was investigated by Lopez-Bermudez, et al. (1998), who 

demonstrated that there are no important degradation processes in the natural vegetation even if 

grazed, and that the vegetation recovery after disturbance (i.e. cropping) was quite effective.  A 

recent review (Andreassian, 2004) presents an historical perspective of the controversy concerning 

the hydrological impact of forests and gives an up-to-date overview of the paired-watershed 

experiments conducted during the last century, identifying research issues to focus on.  

 

Land management and vegetation treatments   

 

One of the driving factors of desertification and land degradation is intensive agriculture and 

inappropriate land management strategies. Matson et al. (1997) and Tilman (2001) discussed the 

impact of agricultural activities intensification on ecosystems at a global scale in the last 50 years. 

In the Mediterranean region the detrimental effects of bad agricultural practices on soil qualities 

including erosion, desertification, salinization, compaction, and pollution  have been discussed by 

several authors (Kosmas, 1999; Zalidis et al., 2002).  

 

Appropriate land management is currently put forward as a key point for mitigation of 

desertification risk or/and control of the desertification process (Yassoglou ,1999).  Land 

abandonment has been one of the most diffused answers to the marginalization of agriculture and 

agricultural policies, aimed also at reduction of soil erosion, often encourage land abandonment. 

Effects of abandonment have been studied by several authors, both at catchment and hillslope scale. 

Fu et al. 2003 in China studied the effect of land use change on soil erosion at catchment scale, 

taking into account also the variation in soil nutrients (i.e. total nitrogen, available nitrogen, organic 

matter and moisture). The changes, mainly from crops to natural or semi-natural vegetation 

produced a decrease in soil erosion. The arrangement of different land covers was also important in 

affecting watershed hydrology, runoff production and soil erosion.  In the cited study in Lesvos 

Island, Kosmas et al. (2000a) controlled the effect of land use changes on soil characteristics, such 

as fertility status, water storage capacity, erosion resistance and vegetation characteristics. The 

authors found that land abandonment showed the most significant soil improvement in soil organic 

matter content, while local conditions played a major role in vegetation establishment and erosion 

control. The positive impact of land abandonment on regeneration of semi-natural vegetation has 

been investigated using Rambla del Chortal as a case study (Obando, 2002). Increases in plant 

productivity and biomass generally lead to an improvement of the hydrological conditions and 

hence a decrease in soil erosion and land degradation in the long term. 

 

Organic matter content, water holding capacity aggregation and structural stability were shown to 

be positively correlated to land abandonment and natural vegetation re-establishment in El Ardal 

study area (Martínez-Fernández et al., 1995), while positive effects on soil fertility index were also 

described in tropical environments affected by land abandonment and vegetation recovery 

(Paniagua et al., 1999). 

 

Vegetation recovery can be improved by appropriate vegetation treatments. These have a 

fundamental impact in arid and semiarid ecosystems to prevent desertification or improve 

rehabilitation of desertification prone areas (Martinez-Fernandez et al. 1995,1996). Vegetation 

treatments depend on the specific environment and on specific objectives.  
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Restoration of degraded arid and semiarid lands by the reintroduction of woody species has become 

increasingly important worldwide as a measure to protect soils, to combat desertification, to supply 

natural resources and to provide space for recreation (Maestre et al., 2004). In the last few years 

there has been an increasing concern among land managers, scientists, restoration practitioners and 

non-governmental organizations on the impacts of extensive coniferous plantations in 

Mediterranean countries.   

 

Common techniques currently used for afforestation in the Mediterranean basin consider the pre-

existing vegetation (mainly shrubs) as a source of competition for trees, and consequently it is 

generally eliminated before planting. Nevertheless, it has been demonstrated that woody plants can 

facilitate the establishment of understory seedlings in environments that, like the Mediterranean 

area, are characterized by a pronounced dry season. Castro at al (2002), experimentally analysed the 

usefulness of shrubs as nurse plants for reforestation of two native conifers, Pinus sylvestris L. 

(Scots pine) and Pinus nigra Arnold (black pine). The results show that the use of shrubs as nurse 

plants is a technique that offers both economic and ecological advantages, in terms of savings in 

labour and plant material and reduced impact on the pre-existing vegetation.  

 

Recently, Maestre et al. (2004) contributed to the debate on the suitability of mono-specific 

extensive P. halepensis plantations, and suggest that reforestation programmes should be revised. 

According to this review, the extensive, single-specific plantations of P. halepensis are not useful to 

restore semiarid Mediterranean areas, especially when they replace native shrublands and are 

performed with heavy machinery.  

 

In Calabria, southern Italy, extensive reforestation using Pinus and Eucalyptus has taken place since 

the early 1960's to control expansion of calanchi and biancane (Sorriso-Valvo et al, 1995). Three 

small catchments were established to monitor the effect of reforestation on hydrological response 

and sediment yield; rainfall simulation experiments were carried out on plots in these catchments to 

determine more precisely the effect of tree and ground vegetation on surface runoff and erosional 

response. Results show that reforestation and logging practices can strongly affect the hydrological 

and erosional response on these hillslopes. Bare south-facing slopes with negligible vegetation 

produce large amounts of sediment and runoff. Colonization by grass can significantly reduce both, 

but will be effective only on north-facing slopes. Establishment of trees and development of 

continuous litter will further reduce sediment production, but will probably lead to increased runoff 

discharge. 

 

Following insights from earlier researchers who drew attention to the potential influence of 

vegetation on fluvial systems, a large body of literature has emerged in recent years that has 

highlighted the role of vegetation on fluvial processes (among the others Shafroth, P.B, et al. 1999, 

Brooks et al., 2003, Hyatt et al., 2004). 

 

Riparian vegetation has different impacts on stream processes depending upon its position in a 

catchment (Wissmar et al, 1998). In this context, native riparian vegetation is increasingly 

becoming the favoured stream management tool, but managers need to locate revegetation schemes 

where they will most effectively achieve ecological, geomorphological, or other, project goals 

(Abernethy et al., 1998). Using the Latrobe River in SE Australia as an example, Abernethy et al. 

(1998) illustrate a structured decision-making approach for assessing the role of vegetation in 

stream bank erosion at different points throughout a catchment. Considering different variables, the 

authors define a critical zone in which revegetation will be most effective in reducing bank erosion 

(Abernethy et al., 1998).  

 

Rangelands, defined as a portion of land on which the natural vegetation is predominantly native 

grasses, grass-like plants, forbs, or shrubs valuable for forage, are widespread in Mediterranean 
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semi-arid environments, where erosion and desertification risks are more diffused. In rangeland the 

vegetation treatment aim to maintain an acceptable land quality and value under grazing stresses 

and under other types of event as wildfires, climatic change or drought. All these types of stress 

contribute to land degradation and desertification mainly acting on vegetation dynamics: reducing 

vegetation cover, quality and biodiversity. Appropriate treatment and management of vegetation 

allow mitigation of the negative effects. Economic value of rangeland is often associated with 

grazing and vegetation management/treatment. In these cases grazing rate and overstocking control 

is a primary form of management (Allegretti et al. 1997; Grant et al., 1999), also for humid or sub-

humid climates (Samsom, 1999). 

 

The vegetation recovery can be favoured by artificial sowing of native species. The impact of 

sowing a seed mixture to recreate a semi-natural community in combination with six cutting and/or 

grazing treatments on the vegetation that developed on former agricultural land has been studied by 

Warren et al. 2002. Snyman  (2003) studied different over-sown species and mechanical restoration 

methods were evaluated for the restoration of bare areas. 

 

Fire is one of the processes that cause a direct vegetation cover degradation and also change of 

functionality and properties of an entire territory (Scott and Van Wyk, 1990; Brown 1990; Prosser, 

and Williams1998; Cerdà 1998, Moreno, 1999). Nevertheless, planned burning is sometime a 

specialised technique to control the bush development in rangeland (White and Hanselka, 1994.). 

Planned fires are a current practice for range management in some semiarid and arid environments 

such as Texas and New Mexico (White and Hanselka, 1994; Grant et al., 1999, Rango et al. 2002). 

Fire effectively suppresses most woody plants while encouraging grass and fodder plant to grow 

and increase the animal production. The planned fires always require a well experienced and tested 

technique and cannot probably be exported everywhere.  Post-wildfire rehabilitation techniques are 

eman et al., 1995; Fijwkin et al. 1998; Radoglou, 

2000; Espelta eta al. 2003.). 

 

In areas subject to salinization risk specific studies have been conducted to mitigate the salinisation 

process by appropriate techniques of management and studied processes of rehabilitation using 

species resistant to high salt concentration in the soil (Maas, 1990; Barrett-Lennard, 2002).  The 

increase of salt affected land is in fact another important process of land degradation, desertification 

and reduction of arable lands and rangeland (Szabolcs, 1979,1987; FAO, 1988; Rhoades, 1990, 

Szabolcs, 1996; Zalidis et al., 1999). The total surface affected by induced salinization is assessed 

as  more than 900 Mha in the world, with abnormal presence in some countries (as central Asia and 

 

Studies on land management in the past, at regional and catchment scale in the Mediterranean area 

(Martinez-Fernandez  et al. 1995,1996; Hill et al. 1998; Khresat et al. 1998; Kosmas et al. 2000, 

Tanrivermis, 2003, Portnov and Safriel, 2004 ) are considerable  help for the  definition of  future 

Land Use Planning (LUP) strategies that are  the basis of appropriate land management. LUP may 

be defined as: the systematic assessment of land and water potential, alternatives for land use and 

economic and social conditions in order to select and adopt the best land-use options. Its purpose is 

to select and put into practice those land uses that will best meet the needs of the people while 

safeguarding resources for the future. The driving force in planning is the need for change, the 

need for improved management or the need for a quite different pattern of land use dictated by 

changing circumstances

 

The definition of LUP, may also be strengthened: Land use planning in the technical co-operation 

is an iterative process based on the dialogue amongst all participants. It is aimed at the definition 

of decisions on a sustainable form of land use in rural areas and the initiation of the appropriate 
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measures for implementation and monitoring land use planning considers cultural viewpoints and 

builds up on local environmental knowledge

 

The definitions indicate the complex processes of a rational land use planning and the non 

 

Development of appropriate indicators has a funda

 

The integrated modelling approach to predict the effects of climatic fluctuations and disturbance 

ies dominance and composition of grasslands and 
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