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Abstract 

Soil erosion is often regarded as one of the main processes of desertification. This has lead to 

the use of various desertification indicators that are related to soil erosion. Most of these 

indicators focus, however, on small spatial units, while little attention has been given to the 

amount of sediment exported at the catchment scale. Such a small spatial unit approach 

neglects the transfer of sediment through catchments as well as the scale-dependency of 

erosion processes. Furthermore, this approach does not consider important off-site impacts of 

soil erosion, such as sediment deposition in reservoirs, flooding as well as ecological impacts.  

This study aims to illustrate the importance of also considering catchment sediment yield (SY, 

t km-2 y-1) in desertification assessment studies. Based on recently established databases of SY 

and soil loss rates in Europe and examples from previous studies, we illustrate that soil 

erosion rates at the plot scale are not representative for catchment SY, as they are often 

several orders of magnitude smaller. Also, the erosion response of catchments to changes in 

land use or climate often differs strongly from responses to those changes at the plot scale. 

We further discuss several of the impacts of SY and their link with desertification: i.e. the 

sedimentation of reservoirs, problems related to flooding, catchment hydrology, export of 

nutrients and ecological implications. 

Using earlier established criteria we evaluate the potential for using catchment SY as a 

desertification indicator and conclude that this could give an important added value to 



desertification studies. SY, used in combination with other indicators, allows the 

identification of other sediment sources than those considered at the plot scale and can reflect 

the results of desertification processes over longer time periods than periods over which 

assessments at the plot scale have been made. We argue therefore, that SY is a strong 

complementary indicator of desertification providing valuable information on the catchment 

response to changes in drivers of desertification.  

 

I. Introduction 

Desertification is defined by the United Nation Convention to Combat Desertification as 

“land degradation in arid, semi-arid, and dry sub-humid areas resulting from climatic 

variations and human activities” (UNEP, 1994). It is seen as the result of a series of natural 

and anthropogenic processes, leading to gradual environmental degradation or loss of the 

land’s biological or economic productivity. These processes include degradation of the 

vegetation cover, biological, physical and chemical degradation of soils, water erosion and 

wind erosion (Rubio & Bochet 1998). Over the last decades, methods have been developed to 

analyze desertification processes as well as their response to biophysical and socioeconomic 

drivers of desertification. One of these methods is the use of indicators. Indicators have the 

advantage of providing simplified, synthetic information on the state and tendency of the 

complex desertification process (Rubio & Bochet 1998) and have been used in various 

research and mitigation programs (e.g. Kosmas et al. 2003). An extensive list of potential 

indicators to assess the various physical, ecological, economic, social and institutional aspects 

of desertification was developed in the DESERTLINKS-project, based on a review of earlier 

studies (Kosmas et al. 1999, Brandt et al. 2006). The resulting DIS4ME Indicator System 

(Desertlinks 2004), provides information on 148 indicators of relevance to Mediterranean 

desertification and was designed to provide a tool to enable users from a wide range of 

backgrounds 1) to identify where desertification is a problem; 2) to assess how critical the 

problem is; and 3) to better understand the processes of desertification and how these respond 

to changes in biophysical and socioeconomic drivers. This indicator system was used in 

various other recent research projects (e.g. DESERTNET 2008; LUCINDA 2008; FAO-

LADA 2010; DESIRE 2010). Soil erosion by water is often regarded as one of the most 

intense and widespread desertification processes (e.g. López-Bermúdez 1990; Pimentel et al. 

1995; Poesen 1995; Rubio & Bochet 1998). Table 1 gives an overview of potential indicators 

from the DIS4ME Indicator system that can be related to this process. Although these 

indicators can be applied to large regions, the majority of these indicators can be considered 



as ‘on-site’ indicators, meaning that the state or value of the indicator at a location is not 

influenced by conditions at other locations. The minimal spatial scale at which values for 

these indicators is assessed is generally the plot or hillslope scale. Of the 70 indicators listed 

in table 1, only 5 can be considered to reflect the integrated result of factors and processes at 

the catchment scale (dam sedimentation, drainage density, flooding frequency, floodplain and 

channel morphology and rainfall-runoff relationship). For two of these indicators (dam 

sedimentation and rainfall-runoff relationship), no detailed description of typical values, 

thresholds, or interpretation was given. This illustrates that soil erosion is mainly considered 

as an on-site process in studies on desertification, while generally little attention is given to 

the downstream impacts of soil erosion or the combined effect of soil erosion, sediment 

transport and deposition (i.e. the catchment sediment yield).  

Also the UNCCD Conference of the Parties (COP) decided recently to accept a set of eleven 

impact indicators to monitor desertification that are to be used in the annual country status 

reports (UNCCD 2010). These proposed indicators focus strongly on on-site erosion, but do 

not consider the integrated effect of soil erosion at the catchment scale or the off-site 

consequences of soil erosion.   

Various studies have, however, indicated that the extrapolation from soil erosion rates at the 

plot scale to catchment sediment yields (SY, t km-2 y-1) or from one catchment to another 

poses many difficulties (e.g. Walling 1983; de Vente & Poesen 2005; de Vente et al. 2007). 

Also, the response of river systems to catchment disturbances (e.g. climate changes or human 

interventions) is generally known to be complex and difficult to predict (e.g. Schumm et al. 

1976; Walling & Kleo 1979; Church & Slaymaker 1989; Walling 2006; Owens et al. 2010; 

Trimble 2010). SY at the catchment scale and its response to changes are, however, of great 

importance as it relates to many environmental and management issues (see Owens et al. 

2005 for an overview) and are also of great relevance in the framework of desertification 

assessment. 

This paper argues that (variation in) SY at the catchment scale provides important and highly 

relevant information on ongoing desertification processes and impacts. We first discuss some 

essential differences in terms of magnitude between soil loss at the plot scale and catchment 

SY, as well as their respective response to disturbances. We then illustrate how catchment SY 

relates to various problems that are closely linked to desertification. Finally, we evaluate the 

possiblity to use SY as a desertification indicator and discuss how it should be interpreted. 

 

II. The relevance of sediment yield in the desertification process 



II.1. Scale dependency of soil erosion processes 

Catchment sediment yield (SY, t km-2 yr-1) is known to be scale dependent. Generally, a 

negative relationship is expected between catchment area (A, km²) and SY due to a decrease 

in topsoil erosion rates on more gentle slopes and an increased probability of sediment 

deposition with an increase in catchment size (Walling 1983). SY is therefore often assessed 

by multiplying the estimated total erosion rate on hillslopes with a sediment delivery ratio 

(SDR), which is generally estimated as a function of catchment area, topography and/or the 

drainage network (e.g. Robinson 1977). This approach has, however, received a lot of 

criticism, mainly due to its black box nature (Walling 1983; de Vente and Poesen 2005; de 

Vente et al. 2007). Especially in (semi)-arid and Mediterranean environments (i.e. 

environments with a potential desertification risk) SDRs are hard to apply, as they are very 

variable and difficult to assess. Studies of A-SY relationships for various (semi-)arid regions 

indicated both negative trends, with often much stronger decrease of SY with A than in humid 

regions, as well as insignificant or even positive relationships (Walling & Kleo 1979; 

Verstraeten et al. 2006; de Vente et al. 2007). In a study of SY and its scale dependence in 

Europe, Vanmaercke et al. (2010a subm.) illustrated that SY is generally much higher in the 

Mediterranean, Anatolian and Alpine regions than in other geographical regions. Further, no 

clear negative A-SY relationships were found for these regions, even within the same major 

river system. 

One of the major problems with the SDR concept is that sediments may originate from 

various sources, such as gullies, riverbanks and landslides, and not only from topsoils (i.e. 

through splash, sheet and rill erosion). As spatial units increase, other sediment sources (such 

as gully erosion, bank erosion or mass movements) may become dominant (Walling 1983; de 

Vente et al. 2007).  Gully erosion, for example, only occurs if a specific slope and drainage 

area threshold is exceeded (Vandekerckhove et al. 2000; Poesen et al. 2003). Gullies not only 

function as a sediment source but also increase sediment connectivity in the landscape. 

Therefore, their contribution to SY at the catchment scale can amount up to 80%, especially 

in semi-arid environments (Poesen et al. 2003; de Vente et al 2008). 

In figure 1, the cumulative frequency distribution of measured catchment SY in Europe is 

compared with the cumulative distribution of soil loss rates, measured at the plot scale (‘plot 

data’). SY-data were assembled from an extensive literature review (Vanmaercke et al. 2010a; 

subm.). Plot data were derived from a recently established dataset on runoff and soil loss 

rates, measured on runoff plots (Maetens et al. 2009; Maetens et al. in prep.). Only plots 

without soil and water conservation measures were considered in this figure, so that the data 



would represent as much as possible the conventional land use conditions at the hillslope 

scale. Plot and SY data were grouped into two categories, based on the LANMAP2 climatic 

classification of Europe (Metzger et al. 2005; Mücher et al. 2006): Mediterranean and Non-

Mediterranean (consisting of the Boreal, Atlantic and Continental climatic regions). Figure 1 

illustrates that soil loss rates are generally larger than catchment sediment yields in the Non-

Mediterranean regions, which is consistent with the traditional sediment delivery concept, but 

about one order of magnitude lower in the Mediterranean regions. The difference is partly 

explained because Mediterranean soil loss rates are generally lower than Non-Mediterranean 

rates. This is agrees with previous studies, indicating that soil erodibility is generally lower 

for Mediterranean than for temperate climatic zones (Salvador Sanchis et al. 2008). 

Furthemore, Mediterranean soils have often a larger fraction of rock fragments (Poesen et al. 

1995), which significantly reduce the soil erodibility (Poesen et al. 1994; Sanchis et al. 2008). 

However, catchment sediment yields are also higher for the Mediterranean than for the Non-

Mediterranean regions. This provides a clear indication that sheet and rill erosion processes 

are generally not the major sediment sources in Mediterranean regions. 

Similar results were found when a comparison was made between the SY of 26 small 

catchments in Europe and the predicted soil erosion risk by the PESERA model (Kirkby et al. 

2004; 2008). Catchment SY data was collected from various sources, based on a literature 

review. The result is shown in Figure 2, while Table 2 includes the major characteristics and 

original source of the catchments data. To allow a better comparison, only SY of catchments 

smaller than or equal to 1 km² were considered, as PESERA soil losses were calculated for a 1 

km² grid resolution and the model does not consider sediment routing between the pixels 

(Kirkby et al. 2004). Except the availability of a PESERA erosion rate estimation, no other 

selection criteria were used for the catchment data. Data were classified into Mediterranean & 

Non-Mediterranean groups according to the LANMAP2 climatic classification (Metzger et al. 

2005; Mücher et al. 2006). The PESERA model is a physically based model that was 

essentially developed to estimate sheet and rill erosion. The model is built around a partition 

of precipitation into components for overland flow, evapo-transpiration and changes in soil 

moisture storage. Transpiration is used to drive a generic plant growth model, while the runoff 

is used in combination with other factors (such as soil properties) to predict the erosion. A 

detailed description of the model is given in Kirkby et al. 2008. 

The comparison indicates that for most Non-Mediterranean catchments PESERA erosion 

rates are within one order of magnitude of the measured SY. In Mediterranean catchments, 

however, SY are generally much higher than the predicted erosion rates (figure 2). de Vente et 



al. (2008) made a similar comparison for 61 larger catchments in Spain and noted that for 

most basins PESERA soil erosion rates vary between fifty and close to zero percent of the 

measured SY. Part of the deviations between the observed SY and the PESERA erosion rates 

can most likely be attributed to errors in the model. A validation of the model for several 

regions in Europe, indicated that errors on the used input data (e.g. rainfall data and land use 

maps) have a significant impact on the quality of erosion estimates (Van Rompaey et al. 

2003). Nevertheless, these errors can not really explain why observations for the Non-

Mediterranean catchments cluster around the 1:1 line and SY for the Mediterranean zone are 

generally much higher than the predicted erosion rates. The different trend for Mediterranean 

and Non-Mediterranean catchments is most likely explained by the processes considered by 

the model. Soil erosion predicted by PESERA is expressed as the sediment delivered to the 

base of the hillside by sheet and rill erosion, while permanent gully, channel erosion, mass 

movements, channel delivery processes and channel routing are explicitly not considered. The 

large observed deviations for the Mediterranean zone are therefore a further indication that 

other sediment sources are often much more important in these regions. 

Several other studies have illustrated the large contribution of sediment sources other than 

topsoil erosion to SY in Mediterranean environments (e.g. Poesen & Hooke 1997; Cammeraat 

2004; de Vente & Poesen 2005). An extreme example is provided for the Isabel II reservoir, 

near Nijar, S.E. Spain (Roquero 1991). This 31 m high dam was built in 1850 for irrigation 

purposes, has an upstream area of 18 km² and had an orginal capacity of 2x106 m³. The 

reservoir was silted up in only six years (Roquero 1991). Sediment source determination, 

based on magnetic properties of the sediments, indicated that only a minority of the reservoir 

siltation was due to top soil erosion processes, whereas the majority of trapped sediments 

consisted of unweathered schist bedrocks, which were most likely produced by gully erosion 

processes (Yu & Oldfield 1993). The Puentes reservoir (SE Spain) provides a similar 

example. A study of Cs-137 concentration in the sediments retained by this reservoir 

indicated that about 60% of the sediments have a subsurface origin, pointing towards an 

important contribution of gully and bank erosion processes (Plata-Bedmar et al. 1997). 

These examples clearly indicate that soil loss rates measured at the plot scale are not 

representative for sediment yield at another scale. Also the SY from one catchment can not 

straightforwardly be extrapolated to another catchment or scale, since other sediment sources 

can be active. Nevertheless, desertification due to water erosion is often only assessed, using 

measurements at the plot scale. 

 



II.2. The catchment response to disturbances in land use and climate 

Apart from their scale dependence, catchment sediment yield in (semi-)arid areas is 

characterized by a sensitive and complex response to disturbances, such as land use changes 

or extreme climatic events. This sensitivity is sometimes described as the ‘historical 

hangover’ effect (Douglas 1967). Arid and semi-arid catchments are generally characterized 

by a fragile and delicately balanced ecosystem. Disruptions of this ecosystem, e.g. due to 

overgrazing, vegetation clearance, reforestation or other changes in land management, may 

produce far-reaching changes in the basin conditions and response and recovery may take a 

long period of time, if indeed it ever takes place (Walling & Kleo 1979).  

The complexity of the response to catchment disturbances is closely linked to the scale issues 

discussed above. It is known that disturbances in the catchments may be buffered by temporal 

deposition of sediments or activation of other erosion processes, leading to a delayed but 

often long lasting response in catchment SY (e.g. Church & Slaymaker 1989; Trimble 2010). 

Catchment SY therefore often reflects the integrated effect of various processes over longer 

time periods. The responses of SY to disturbances are, however, difficult to assess, both in 

magnitude and response time, as the link between disturbance and response may not be 

straightforward (Owens et al. 2010). This seems especially the case in (semi)-arid 

environments. Cammeraat (2004) illustrates how hydrological and erosion responses in semi-

arid catchments are controlled by scale-dependent thresholds of precipitation depending on 

various factors such as local soil characteristics, previous rainfall events and vegetation 

patterns. Rainfall events can have various effects on SY. Whereas large rainfall events can 

generate a lot of sediment from hillslopes, that sediment is not always exported to the 

catchment outlet, but can be stored at various places, such as terraces or river channels. 

However, when a certain treshold value is exceeded or when e.g. land use changes 

significantly, these stored sediment can be released and can result in high sediment yields 

(Cammeraat 2004). 

Also at longer time scales, the storage and reactivation of sediments within the catchment can 

lead to complex responses in catchment SY. Colluvial and alluvial deposits can buffer 

changes in sediment supply at the catchment scale (e.g. Verstraeten et al. 2009; Trimble 

2010). They can serve as a sink for sediments, eroded upstream, but can become a sediment 

source when the upstream sediment supplies decline. As a consequence, improvements in 

land use management or the implementation of soil and water conservation measures do not 

necessary result immediatly in lower sediment yields. In the northern Ethiopian highlands, for 

instance, long and intense human induced erosion has lead to extensive alluvial deposits. 



During the last decades, important efforts in land use management and soil and water 

conservation have been made (Nyssen et al. 2004). Repeated photo surveys indicate that sheet 

and rill erosion rates have decreased over the decades due to an improved vegetation cover 

(Nyssen et al. 2008). However, at the scale of medium-sized (i.e. 100-5000 km²) catchments 

no clear effect of soil and water conservation measures on SY was found so far (Vanmaercke 

et al. 2010b). Although other factors (such as rainfall patterns) also play an important role, 

this is partly due to the reactivation of alluvial sediments. This is confirmed by the repeated 

photo surveys, indicating that (ephemeral) river channels have significantly incised over the 

last decades (Nyssen et al. 2008). 

Also in the Mediterranean region, complex interactions between climate and the long history 

of human occupation and soil erosion has lead to large volumes of alluvial deposits (e.g. 

Bintliff 2002; Hooke 2006), but also in thin and stony soils (e.g. Lasanta et al. 2006; Garcia-

Ruíz et al. 2010; Clapp et al. 2000). These soils will produce runoff but much less sediments 

(Poesen et al. 1994; Govers et al. 2006; Salvador Sanchis et al. 2008). As a result, the alluvial 

deposits can be remobilized, contributing to the SY of many Mediterranean catchments. This 

is in agreement with the generally lower soil loss rates at the plot scale compared to 

catchment sediment yields (figure 1, 2).  

These examples illustrate the importance of spatial scale, response time and their implications 

for SY. Catchment SY represents the integrated result of all sediment sources and sinks and 

their interactions. Including SY in desertification indicator approaches therefore helps to 

avoid the risk of not considering the most dominant erosion processes. Furthermore, 

catchment SY can provide insight on desertification processes over longer time periods than 

studies at the plot scale, as previous disturbances may still have an impact on the present 

sediment fluxes. Studying SY at the catchment scale can therefore provide important 

complementary information to desertification studies that focus only on the plot scale. It 

should be noted, however, that catchment SY alone is not sufficient to assess desertification 

by soil erosion. Catchments with a low SY are not always catchments without desertification 

problems. Important erosion hotspots may occur in these catchments; however their effect on 

SY may be minimal due to low connectivity, buffering and aggregation of zones with high 

erosion rates with zones having low erosion rates (e.g. Nadal-Romero et al. accepted.). 

 

III. Off-site impacts of soil erosion in relation to desertification 

Including SY in desertification assessment studies is not only important to improve our 

understanding about ongoing land degradation processes. It is also highly relevant as soil 



erosion can have many off-site consequences that are closely linked to desertification 

problems. Land degradation (and hence desertification) generally refers to the decline of 

actual and potential benefits that land use units provide (e.g. Oldeman et al. 1991). The costs 

of land degradation are often estimated by assessing the loss of production capacity due to on-

site erosion processes (e.g. Schertz 1983; Hein 2007), while the off-site consequences are 

mostly ignored. This can lead to significant underestimations of the total cost of land 

degradation as high sediment yields can also lead (often indirect) to a loss of productivity and 

ecosystem services. This is further discussed in this section.  

 

III.1. Reservoir sedimentation 

One of the most important off-site impacts of soil erosion is the siltation of reservoirs, as it 

directly links with water availibility. Water is one of the main factors limiting production and 

settlement in drylands. Lack of water is a fundamental cause of many problems of 

desertification and environmental degradation (Sharma 1998).  

Over the last decades, the total number of large dams has increased tremendously worldwide 

(Vörösmarty et al. 2003). Large dams (> 15 m high) have been constructed at a rate of 1.2 

dams/day since 1930 (Basson 2008). This large-scale dam construction is a response to the 

increased demand in electricity and water supply. It can be expected that especially in arid 

and semi-arid regions, the need for water supplies will increase. For example, de Wit & 

Stankiewicz (2006) demonstrate that, based on predicted changes in rainfall regime, a 

decrease in perennial drainage will affect 25% of Africa’s present surface water access by the 

end of this century. The decrease in precipitation will mainly affect the semi-arid regions of 

Africa, where a 10% decrease in rainfall can cause a decrease of surface drainage by 50% (de 

Wit & Stankiewicz 2006). Whereas the rate of reservoir construction has generally decreased 

over the last two to three decades, the growth in reservoir capacity in the Middle East has set 

in later than in other regions. Presently, construction in this region is still carried out on a 

larger scale than in most other regions (Basson 2008). 

Semi-arid regions not only have a larger need for reservoirs. They are also generally more 

susceptible for reservoir sedimentation problems. Reservoir sedimentation rates are controlled 

by the sediment input into the reservoir (i.e. the product of A and SY) and the trapping 

effectiveness of the reservoir (TE (%), i.e. the fraction of sediment input that is effectively 

trapped by the reservoir). As discussed in the previous section and indicated in numerous 

studies, catchments in semi-arid and Mediterranean regions  are often characterized by high 

sediment yields and high annual reservoir capacity losses (e.g. Walling & Kleo 1979; 



Verstraeten et al. 2006; Vanmaercke et al. 2010a; subm.; Nadal-Romero accepted.; see also 

figure 2). Furthermore, reservoirs in (semi-)arid regions are often more susceptible to 

sedimentation problems, as they are often constructed to provide a continuous water supply in 

ephemeral river systems. Therefore, they often have relatively larger reservoir capacities and 

hence higher TEs than reservoirs with a main focus on electricity supply (Vörösmarty et al., 

2003).  

Based on the ICOLD World Register of Dams (WRD) and a global denudation map, Basson 

(2008) estimated a global average reservoir capacity loss of 0.8% per year. Many countries in 

(semi-) arid regions, such as Iran, Morocco, Pakistan, Sudan and Tunisia, have sedimentation 

rates above this average value (White 2001; Basson 2008). The annual capacity loss of 

reservoirs are, however, subjected to a lot of variation which is not reflected in these average 

values per country. Figure 3 displays the annual capacity loss of reservoirs in Mediterranean 

Europe, as a function of their initial reservoir capacity. Data were extracted from previously 

established datasets on reservoir sedimentation and SY in Europe (Verstraeten et al. 2006; 

Vanmaercke et al. 2010a; subm.). The average reservoir capacity loss of this dataset is 2.5%, 

which is more than three times the estimated global average reported by Basson (2008). 

However, the variability is large and spans more than 4 orders of magnitude. Furthermore, a 

significant negative relationship was found between the initial reservoir capacity and the 

annual capacity loss. In figure 3, a distinction was made between reservoirs that are included 

in the ICOLD WRD and reservoirs that are not included. Reservoirs that are not included are 

generally smaller and are characterized by generally higher capacity losses. The calculated 

average of Basson (2008) is only based on data of larger dams, while smaller inpoundments 

are not considered. Nevertheless, these smaller reservoirs are highly relevant in the context of 

desertification as they are often used for local irrigation purposes and water supplies. For 

instance in the semi-arid tropical highlands of Ethiopia, significant achievements were made, 

mainly from 1994 to 2002, on the development of agriculture through irrigation by employing 

seasonally harvested runoff using earth dams. However, sediment deposition threatens the 

functioning of many of these constructed earthen dams, with reservoir capacity losses of up to 

4 % per year (Haregeweyn et al. 2006). Based on the ICOLD WRD Ethiopia has, however, 

only an average capacity loss of 0.52 % per year (Basson 2008). 

Nonetheless, the world overview of Basson (2008) clearly indicates that mainly drought 

affected countries will be confronted with reservoir siltation problems. Although many arid 

and semi-arid regions have a large potential for water development, the real problem is often 

the lack of an integrated water management policy (Sharma 1998). This need has already been 



expressed in several studies on reservoir sedimentation problems of (semi-)arid regions (e.g. 

Lahlou 1996; Sharma 1998; Haregeweyn et al. 2006; Vanmaercke et al 2010b; Vanmaercke et 

al. subm.). 

The total costs associated with reservoir sedimentation are difficult to assess, since this 

depend on various specific characteristics of the reservoir and its mode of operation. Palmieri 

et al. (2001) provided a framework to assess the costs of reservoir sedimentation. A 

rudimentary way to assess the cost of reservoir sedimentation is by estimating the price to 

remove the trapped sediments from the reservoir (e.g. Hein 2007; Kuhlman et al. 2010). This 

cost is strongly determined by the availability of excess water flows which can be used to 

flush sediments out of the reservoir. For most reservoirs flushing is not economically feasible 

(Palmieri et al. 2001) and sediments should be dredged from the reservoir. This is certainly 

the case in (semi-)arid regions, where most reservoirs were constructed to mitigate water 

shortage (e.g. Sharma 1998; Vörosmarty et al. 2003; Haregeweyn et al. 2006). Also the 

average cost of to dredge one cubic meter of sediments is difficult to assess, as this strongly 

depends on the time and area of consideration. Hein (2007) cite a cost of € 3 m-3 for dredging 

operation in the earlier mentioned Puentes reservoir. However, the reference to this price 

dates back to 1990. Kuhlman et al. (2010) mention a price of € 6.1 m-3, based on a reference 

of 2004 (Morschel et al., 2004 in Kuhlman et al., 2010).  

Based on a very crude extrapolation of sediment deposition rates in the United States and an 

unrealistically high bulk density of 2.7 t m-3, Kuhlman et al. (2010) estimate the annual 

reservoir siltation rate in Europe at 93 million m3 y-1. By considering 90% of this siltation rate 

as a result of water erosion and a dredging cost of € 6.1 m-3, they estimate the cost of reservoir 

siltation in Europe at € 567 million per year without considering the costs associated with the 

disposal of the dredged material. This price is most probably a serious underestimation: for all 

reservoirs considered in Figure 3 the sum of all annual capacity losses is already 73 million 

m3 y-1. As these reservoirs represent only an estimated 7.5% of the total reservoir capacity in 

the Mediterranean region of Europe (Verstraeten et al. 2006), the actual cost can easily be one 

or two orders of magnitudes higher. Accurate estimations on the cost of reservoir siltation are, 

however, currently lacking. 

 

III.2. Problems related to flooding and catchment hydrology 

Sediment export and flood events are often closely linked to each other. The occurrence of 

floods can have a major impact on SY, especially in (semi-)arid environments as the episodic 

nature of floods and the lack of a good vegetation cover provide opportunities for very large 



volumes of sediments to be transported (e.g. Schick et al. 1997; Vanmaercke et al. 2010b). In 

the Israelian Negev highlands floods lead to the headcut migration of gullies in valley 

bottoms. These gully incisions are a key factor in desertification as they lead to the 

degradation of the most productive areas. The expanding gully network not only leads to the 

loss of productive soil, but also prevents the floodwater of irrigating the valley bottoms as the 

floodwater is channeled into the narrow gullies. This leads to a sharp estimated drop of 70-

90% in floral biomass (Avni 2005).  

As discussed above, the formation of gullies can contribute significantly to SY, but depends 

on tresholds of slope and drainage area which are not reached at the plot scale 

(Vandekerckhove et al. 2000; Poesen et al. 2003). Studying SY at the catchment scale can 

therefore provide important indications of desertification caused by loss of fertile soil due to a 

range of erosion processes, flooding and changes in catchment hydrology. 

The sediment load of a river also has an influence on river morphology, which on its turn can 

have affect its flooding regime (Baker et al. 1988; Owens et al. 2005). Furthemore, the high 

sediment loads of floods is one of the main reasons that make flood regulation schemes often 

difficult to perform. Schick et al. (1997) illustrate that sediment in flood discharge is capable 

of disrupting drainage regulators such as check dams and diversions. Based on their 

experience in southern Israel, they advise that control measures, such as settling basins, 

channel diversions, and street floodways, must be designed to cope with sediment loads of up 

to 10% concentration or more. High sedimentation rates in reservoirs can also increase the 

risk of flooding, as the delta deposits at the entrance of a reservoir can cause a rise in water 

level of the rivers upstream from the reservoir (Lahlou 1996; Morris et al. 2008). SY should 

therefore be certainly considered in flood mitigation programs. 

  

III.3 Problems related to nutrients and ecology 

The transport and deposition of sediments may have important ecological impacts related to 

pollution, ecological habitat destruction, the loss of nutrients or eutrophication (Owens et al. 

2005). Many of these issues are also important in the context of desertification, as 

environments with low precipitation generally have very fragile ecosystems that are sensitive 

to change (Walling & Kleo 1979). Fonseca et al. (1998) investigated the trapped sediments of 

two reservoirs in Portugal and found that sediments of both reservoirs had high nutrient 

levels, with values exceeding those of the original soils. Haregeweyn et al. (2008) report 

similar results for 13 reservoirs in the semi-arid northern Ethiopian highlands, where 

sediments from the reservoirs were richer in nutrients than the original soils from where they 



eroded. This enrichment in nutrients is associated with the preferential transport of nutrients 

bound to finer soil fractions and the dissolution of parent material and its transport via runoff 

(Haregeweyn et al. 2008). These nutrient losses may cause a large threat for crop production, 

as soil fertility is often already low, and are associated with large costs (Haregeweyn et al. 

2008). Furthermore, the nutrient-rich sediments in reservoirs can cause eutrophication and 

water quality problems, particularly in drinking water reservoirs (Lahlou 1996; Fonseca et al. 

1998). Dredging the sediments and using it as fertilizer could provide a solution, if this is 

economically feasible (Fonseca et al. 1998; Haregeweyn et al. 2008) yet only if 

concentrations of pesticides and herbicides are within acceptable ranges!!. 

Sediment has also an impact on many (aquatic) ecological habitats on floodplains and within 

rivers and streams (Owens et al. 2005). Floodplains, for instance, are ecological habitats that 

are strongly influenced by sediment supply (Schertz 1983; Tockner et al. 2010). 

Sedimentation related to floods was found to delay or reduce the germination of some species 

of tree sapplings that normally grow in floodplains (Walls et al. 2005). Over the last two 

centuries dramatic “regime shifts” of these habitats have occured due to antropogenic impacts. 

This is certainly the case in southern Europe, were deforestation and its increase in sediment 

supply has lead to much more braided river systems in many regions (Tockner et al. 2010). 

Nevertheless, the actual trend in most Mediterranean mountains is to reduce braiding and 

increase incision, with vegetation expansion in the alluvial plains. (e.g., Beguería et al., 2006; 

Keesstra et al., 2005; Cosandey et al., 2005). 

 

IV. Sediment Yield as a desertification indicator 

From the discussions above it is clear that desertification by water erosion should not only be 

assessed on the plot or hillslope scale, but that also the catchment sediment yield should be 

considered as this provides crucial additional information. As discussed in the introduction, 

only very few of the currently proposed desertification indicators related to soil erosion by 

water consider the catchment as a relevant functioning unit. Furthermore, these indicators are 

only rarely used in desertification assessments.  

Of the indicators, listed in table 1, ‘drainage density, flooding frequency and rainfall-runoff 

relationship’ can be expected to have an important effect on the catchment SY. However, they 

are mainly related to the runoff characteristics of the catchment and are unable to provide 

specific information on the magnitude of SY. ‘Floodplain and Channel Morphology’ is 

directly influenced by SY and can be used to some extend as an integrated indicator of the 

physical impact of soil erosion within a catchment. However its use is also limited by the fact 



that floodplain and channel morphology are also influenced by other factors, such as 

tectonics, flow regime or changes in baselevel (Baker et al. 1988; Desertlinks 2004). 

Similarly, ‘reservoir sedimentation’ may provide important information about the extent of 

water erosion at the catchment scale, but it is also strongly influenced by the characteristics of 

the reservoir itself (e.g.: dimensions, trapping efficiency; Verstraeten & Poesen 2000; figure 

3) and is confined to catchments with reservoirs. Furthermore, no information on the use of 

reservoir sedimentation as a desertification indicator is available (Desertlinks 2004).  

‘Catchment sediment yield’ could be a valid alternative desertification indicator to assess the 

state and impact of desertification by water erosion at the catchment scale. It is by definition 

the integrated result of all soil erosion and sediment deposition processes operating within the 

catchment. It also avoids most of the interpretation difficulties, related to other influencing 

factors, mentioned abvove. 

Rubio & Bochet (1998) provided a list of criteria which should be met by potential 

desertification indicators. Here we evaluate the potential to use ‘catchment sediment yield’ as 

a complementary desertification indicator, based on these criteria. 

1. Reliable. An indicator should be reliable, scientifically valid and relatively indepent of 

sample size. This is the case for catchment sediment yield, as it is a clear and quantitative 

measure that is frequently used in many reports and scientific studies. 

2. Biologically, policy and socially relevant. As discussed above (section III), SY has many 

important ecological and economical impacts that are relevant in the context of 

desertification. These impacts (such as reservoir sedimentation and damage to flood 

prevention infrastructure) are often ignored by on site indicators. 

3. Measurable. Various procedures have been developed to measure SY. This is most 

commonly done by monitoring runoff discharge and sediment concentration at a gauging 

station, or by deriving it from the volume of sediments deposited in a reservoir or lake. An 

advantage of SY-estimates from reservoirs, is that they also include bedload. This type of 

sediment transport is rarely measured at gauging stations, although it can be very 

important, certainly in Mediterranean and mountainous regions (Verstraeten et al. 2006). 

A lot of literature is available on the accuracy, advantages and disadvantages of each of 

these procedures (e.g. Walling 1994; Verstraeten & Poesen 2002; Verstraeten et al. 2006; 

Vanmaercke et al. subm.). 

4. Sensitive to stressors. Numerous studies have illustrated and discussed how various 

anthropogenic or climatic stressors may have an impact on catchment SY (e.g. Walling & 

Kleo 1979; Church & Slaymaker 1989; Owens et al. 2005; Walling 2006; Garcia-Ruiz et 



al. 2010; Owens et al. 2010; Vanmaercke et al. 2010b). As discussed in a previous section, 

the response of catchment SY to disturbances can differ significantly over time and in 

magnitude from the response at the hillslope scale. Considering SY at the catchment scale 

therefore provides important additional information on the desertification process that can 

not be acquired when only the parcel or hillslope scale is considered. Also in mitigation 

strategies, SY can be an important factor to consider, because the reduction of hillslope 

erosion rates does not always lead to decreases in SY (see section II.2). 

5. Cost effective. The costs of SY-measurements heavily depend on the method used, but 

can be high. Reliable SY measurements at a gauging station generally require a 

sufficiently long measuring period with a high sampling frequency and adequate 

equipment (Walling 1994; 2006). This is, however, also the case with some other 

indicators, such as soil loss at the plot scale. Estimating SY from the sedimentation rate of 

reservoir, lakes or ponds through bathymetric surveys may provide a cheaper alternative. 

Ponds and reservoirs are generally abundant, which makes it possible to study SY at a 

regional scale (Verstraeten et al. 2003; 2006). Furthermore, some tools are available to 

make estimates of SY, when no measurements are available. Semi-quantitative indicator 

models, for example, can be a useful to estimate the SY of ungauged catchments in a 

quick and inexpensive way. Such models generally use environmental factors to 

characterise a drainage basin in terms of sensitivity to erosion and sediment transport. 

They can include sheet-, rill-, gully, bank erosion, landslides, and connectivity, at least 

partly, in the assessment of basin SY. Their low data requirements and the fact that 

practically all significant erosion processes are considered makes them especially suited 

for estimating off-site effects of soil erosion (de Vente & Poesen 2005).  

6. Target level. Whereas a lot of research has been conducted on tolerable soil loss rates 

(e.g. Montgommery 2007; Verheijen et al. 2009), generally less attention has been given 

to target and tolerance levels of catchment SY (Owens et al. 2005). This partly illustrates 

the fact that the off site consequences of soil erosion have received relatively limited 

attention and are often underestimated (e.g. Schertz 1983; Poesen & Hooke 1997; 

Haregeweyn et al. 2006). Setting target levels is complicated by the fact that baseline 

sediment yields values, i.e. the SY that could be expected if the catchment was not 

disturbed by human impacts, are generally unknown (e.g. Dearing et al. 2006). This is 

especially true for the Mediterranean region, as this area has a long history of human 

disturbances (e.g. Bintliff 2002; Hooke 2006). Furthermore, SY is generally considered to 

decrease with A (e.g. Walling 1983). However, analyses of large datasets of SY indicate 



that these decreases are generally limited or insignificant for various (semi-)arid regions 

(de Vente et al. 2007; Vanmaercke et al. subm.). Target levels can, eventually, also be 

defined for specific catchment areas, based on earlier calculated regional A-SY 

relationships. Furthermore, target levels for SY depend on the purpose or concern of the 

desertification study. If reservoir sedimentation is an issue, tolerable SY values will 

mainly depend on the life expectancy of the reservoir (generally 50-100 years). Based on 

this, an annual acceptable sedimentation rate can be calculated. Considering an average 

bulk density and the trapping effectiveness for sediments of the reservoir, this 

sedimentation rate can easily be converted to a target value of SY (e.g. Verstraeten & 

Poesen 2002).  For ecological issues, various target levels of nutrient, contaminant or 

suspended sediment concentrations have already been defined (for some examples and 

references, see e.g. Owens et al. 2005), depending on the risk type. When soil loss is the 

major concern, a first aproach could be to use the on site tolerable soil loss rate at the 

catchment scale. As discussed in section II.2, long and intense human occupation in the 

Mediterranean region, has often lead to thin and stony soils, which currently deliver only 

small volumes of sediments. Previously eroded sediments can, however, be stored as 

alluvial or colluvial deposits, which can be susceptible to gully or riverbank erosion. 

These erosion processes are not represented by plot scale measurements of soil erosion. 

Nevertheless, they can be very relevant, as these thick alluvial deposits are often the most 

productive soils of the catchments (e.g. Avni 2005). Confronting the SY with the tolerable 

soil loss rate can therefore provide a more valid assessment of the desertification status at 

the catchment scale. 

Another approach could be to assess the regional variation in desertification, by 

comparing the SY of different catchments. Figure 2, for example, indicates that 

catchments in Mediterranean Europe have a median SY of around 200 ton km-2 yr-1, while 

around 75% of the catchments has a SY below 500 ton km-2 yr-1. Less than 10% of the 

catchments has a SY above 2 000 ton km-2 yr-1. SY values above 500 and especially above 

2 000 ton km-2 yr-1 can already be an important indicator for desertification problems.  

7. Assess present status. As discussed above, catchment SY can be used to assess a present 

desertification status, as it is the result of all ongoing soil erosion and sediment deposition 

processes in a catchment. 

8. Assess trends over time. Catchment SY can be used to assess trends over time, by 

continuously measuring SY at a gauging station or by conducting multiple bathymetric 

surveys in a reservoir over different years (e.g. Walling 2006). Rivers in arid and semi-



arid zones generally have runoff discharges and sediment yields that are highly sensitive 

to any changes in the headwaters, especially changes in vegetation cover (e.g. Walling & 

Kleo 1979; Sharma 1998). The SY response of a catchment to disturbances can, however, 

be delayed. This is generally expressed as the response time. After this response time, a 

new average SY is reached, which is in equilibrium with the catchment characteristics 

(Owens et al. 2010). The response to catchment disturbances is often complex and 

difficult to predict, as this depends on specific conditions and tresholds, and as this is not 

necessarily linked to the responses at the hillslope scale. This underlines the importance of 

also considering trends in SY at the catchment scale for desertification assessments, as 

they offer another time perspective and as they are sensitive to other stressors than 

indicators at the plot scale (Imeson & Lavee 1998).  

9. Interpretable. A potential indicator should be easy to interpret and capable of 

distinguishing acceptable from unacceptable conditions in a scientifically and legally 

defensible way (Rubio & Bochet 1998). The discussions above clearly illustrate that this 

is possible for catchment SY. Depending on the context, or the major concern, target 

values or maximum magnitude of change in SY can be established. A catchment SY or 

change above this value can serve as an important indicator for problematic conditions. 

Some caution is needed, however, in the interpretation of SY. A catchment SY below the 

target value does not necessarily indicate that there is no desertification problem. As 

discussed above, erosion hotspots can occur in a catchment without having an influence 

on the SY at the outlet. Moreover, reservoirs and ponds within the considered catchment 

may trap a part of the sediments, resulting in a lower SY. Sediment yield should therefore 

be used and interpreted as an indicator, in combination with other indicators (such as soil 

erosion at the plot scale). Also geomorphological maps can provide important additional 

information on the location of the major sediment sources (e.g. González et al. 1997). This 

avoids the risk of neglecting the major sediment sources of a catchment and allows to 

interprete trends of desertification over a longer time perspective. Most ideally sediment 

fluxes within a catchment and their temporal variability should be assessed by establishing 

comprehensive sediment budgets, considering all relevant sinks and sources. Such 

sediment budgets are, however, time-consuming, costly to develop and rarely available for 

(semi-)arid regions (Verstraeten et al. 2009; Trimble 2010). Catchment SY in combination 

with other erosion-related indicators can, however, provide a cheaper way to consider the 

most relevant erosion processes of a catchment.  



10. Readily available data. SY data are already widely available for many regions. As SY 

relates to various environmental and management issues (Owens et al. 2005), it is 

measured by various environmental agencies in several countries. Moreover, reservoirs 

and ponds are widely spread. For many of these, reservoir sedimentation rate data are 

available. Several reviews of available SY data have been made, for instance for Europe 

(Verstraeten et al. 2006; Vanmaercke et al. subm.), Northern Africa (Probst & Amiotte 

Suchet 1992; Lahlou 1996), Africa in general (Walling 1984); the United States (Gray & 

Gartner 2010; Gray et al. 2010) and Australia (Wasson et al. 1996). 

 

V. Conclusions 

Desertification indicators provide a useful mean to assess several aspects of desertification. 

For soil erosion by water, most of the currently used indicators are based on an on site 

assessment at the plot or hillslope scale. Little attention has been given to the state and 

impacts of soil erosion processes at the catchment scale. This study aimed to draw the 

attention to the fact that sediment yield at the catchment scale provides crucial additional 

information for desertification assessments. This requires more attention in indicator 

development, for example by the UNCCD.  

SY can be several orders of magnitude larger than erosion rates at the plot scale, as these plots 

often not consider the most important sediment sources. Furthermore, the response of 

catchment SY to disturbances is generally complex and different from the response at the 

hillslope scale, as they can reflect the integrated result of various disturbances and land 

degradation processes of the past. Whereas these considerations are true for many catchments, 

they are especially valid for catchments in Mediterranean and (semi)-arid environments. SY at 

the catchment scale is also highly relevant to consider, as soil erosion can have many off-site 

impacts that are closely linked to desertifcation problems, such as reservoir sedimentation, 

flooding problems, the loss of fertile footslopes and floodplains, nutrient loss, eutrophication 

and the destruction of ecological habitats. Currently only very few studies exist that estimate 

the costs associated with these off-site consequences. 

In an evaluation based on earlier established criteria, it was demonstrated that catchment 

sediment yield could be an effective desertification indicator. SY is a measurable, objective 

and relevant value that can be used to assess the desertification status of a catchment and has 

strong implications for multiple sectors of society. It allows the identification of other 

sediment sources than those considered at the plot scale and offers another time frame to 



assess desertification processes, as it responds to disturbances and control measures over 

longer time periods than the plot scale.  

However, SY alone can not be used as a desertification indicator. SY is the aggregated result 

of all soil erosion and sediment deposition processes in the catchment, and does indicate 

which process is the major sediment source or where the dominant sediment sources are 

located. Moreover, SY can also underestimate ongoing erosion processes within the 

catchment, as eroded sediments may be redeposited before they reach the catchment outlet or 

the contribution of important sediment sources may be averaged out by large areas in the 

catchment that have little or no contribute to SY. 

Therefore, SY should always be used in combination with other complementary information 

(such as erosion rates at the plot scale, geomorphic maps, …). Only the combination of SY 

with such complementary information can reflect the full complexity of the soil erosion and 

sediment deposition processes at the catchment scale and their interactions with human 

activities. Furthermore, more research is needed to establish target and tolerance levels of 

catchment sediment yield under diverse environmental and geomorphological conditions, to 

take more advantage of SY as an indicator.  
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TABLES  

Table 1: List of 71 desertification indicators that are related to water erosion, proposed in the 

DIS4ME-dabase (Desertlinks, 2004). For indicators in italic no detailed description is 

available. Indicators in bold can be considered to reflect the integrated result of processes at 

the catchment scale. 

Climate Land Management
1 Rainfall 45 Agri-environmental management
2 Rainfall erosivity 46 Management quality index

Runoff 47 Organic farming
3 Dam sedimentation 48 Reclamation of affected soils
4 Drainage density 49 Reclamation of mining areas
5 Erosivity 50 Soil erosion control measures
6 Flooding frequency 51 Soil water conservation measures
7 Floodplain and channel morphology 52 Sustainable farming
8 Impervious surface area 53 Terraces (presence of)
9 Rainfall-runoff relationship Land use

10 Runoff threshold 54 Area of cultivated & semi-natural vegetation
11 Soil permeability 55 Area of marginal soil used

Soils 56 Land abandoned from agriculture
12 Drainage 57 Land use evolution
13 Erosion risk (RDI) 58 Land use intensity
14 Infiltration capacity 59 Land use type
15 Organic matter in surface soil rs 60 Natural vegetation
16 Organic matter in surface soil Cultivation
17 Organic matter mixing with depth 61 Area of hillslope cultivated
18 Parent material 62 Tillage direction
19 Rock fragments 63 Tillage depth
20 Slope aspect 64 Tillage operations
21 Slope gradient Husbandry
22 Soil crusting 65 Grazing
23 Soil depth 66 Grazing control
24 Soil erosion (USLE) 67 Grazing impact
25 Soil erosion (measured) 68 Grazing intensity
26 Soil loss index 69 Husbandry intensity
27 Soil quality index Water use
28 Soil stability index 70 Hydrological regulation (artificial)
29 Soil structure 71 Runoff water storage
30 Soil surface stability
31 Soil texture
32 Soil type
33 Water storage capacity

Vegetation
34 Area of matorral
35 Deforested area
36 Erosion protection
37 Vegetation cover
38 Vegetation cover rs
39 Vegetation cover type
40 Vegetation quality index

Fire
41 Burned Area
42 Fire Frequency
43 Forest and wild fires
44 Wild fire incidence 

Physical & Ecological Indicators Economic Indicators

 



Table 2: Description of the catchments, with drainage areas ≤ 1 km², for which both PESERA 

predicted soil loss rates and measured sediment yield are available, see figure 1. 

Catchment Country A (km²) Dominant Land Use Dominant Lithology Source

Ville-en-Hesbaye (Braives) BEL 1.03 Cropland Loess Verstraeten & Poesen 2001
Hammeveld 1 (Bertem) BEL 0.29 Cropland Loess Verstraeten & Poesen 2001

Hannut BEL 0.73 Cropland Loess Verstraeten & Poesen 2001
Nerm (Hoegaarden) BEL 0.20 Cropland Loess Verstraeten & Poesen 2001

Sterrebeek (Zaventem) BEL 0.07 Cropland Loess Verstraeten & Poesen 2001
Vannetin (D-Leudon) FRA 0.06 Cropland Clayey silty soils Sogon et al. 1999

Pinmacher GBR 0.43
Rough grazing 

moorland
M. Ordovician sediments and igneous 

rocks
Small et al. 2003

Nagyhorváti HUN 0.77 Cropland Sandy loess Sisak et al. 2007 (+ Pers. Comm.)

Schrondweilerbaach LUX 0.61
Oak, hornbeam & 

beech forest
Triasic Marls Duijsings 1986; Cammeraat 2002

Weierbach LUX 0.40 Forest Schist Martinez-Carreras et al. 2010
Etzenrade-2 NLD 0.09 Cropland Loess Van Dijk & Kwaad 1996

Catsop-2 NLD 0.06 Cropland Loess VanDijk & Kwaad 1996
St Gillisstraat-2 NLD 0.05 Cropland Loess VanDijk & Kwaad 1996

Cal Parisa ESP 0.17
Abandoned 

agricultural terraces
Mesozoic continental mudrock & 

limestone beds
Balasch et al. 1992

Cantarrales 2 ESP 0.36 Forest Marls & limestone Boix-Fayos et al. 2007; 2008

Escribano ESP 0.08
Forest & dry land 

agriculture
Marls & limestone Boix-Fayos et al. 2007; 2008

Javanas ESP 0.11 Shrubland & forest Marls & limestone Boix-Fayos et al. 2007; 2008
Loma Parrilla ESP 0.17 Forest Marls & limestone Boix-Fayos et al. 2007; 2008

Salvalejo ESP 0.19 Forest Marls & limestone Boix-Fayos et al. 2007; 2008
Suerte Estrecha ESP 0.49 Forest Marls & limestone Boix-Fayos et al. 2007; 2008

Araguás ESP 0.45
forest, grassland, 

shrubland & 
badlands

Eocene marls & flysch Nadal Romero et al. 2007

Vallée du Buëch (St Genis) FRA 0.02 badlands Black marls Olivry & Hoorelbeck 1989
Cavalcanti ITA 0.62 arable land* Crystalline rocks and migmatites* Bazoffi 1987

Ponte Valleceppi ITA 0.46 arable land* River alluvium* Bazoffi 1987
Ramazzano ITA 0.32 arable land* Calcereous rocks* Bazoffi 1987

Crepacuore ITA 0.02 Eucalyptus trees
Upper Pliocene & Quaternary clays, 

sandy clays and sands
Porto et al. 2004

MEDITERRANEAN

NON-MEDITERRANEAN

* Dominant land use and lithology were derived from the LANMAP2 European Landscape Classification Map (Mücher et al. 2006) as this information was not 
reported in the original publication  



FIGURES 

 

Figure 1: Cumulative frequency distribution of catchment SY-values and plot soil loss rates 

for Europe. The non-Mediterranean data contain data from the Atlantic, Boreal and 

Continental climatic zone (for details on the data used, see Vanmaercke et al. 2010; subm.) 

 



 

Figure 2: Comparison of PESERA predicted erosion rates (Kirkby et al. 2004; 2008) with SY 

from some European catchments, smaller than 1 km² (see table 2 for characteristics). Data 

were classified in Mediterranean and Non-Mediterranean catchments, according to the 

LANMAP2 climatic classification (Metzger et al. 2005; Mücher et al. 2006). 

 



 

Figure 3: Annual reservoir capacity loss versus initial reservoir capacity for 161 reservoirs in 

Mediterranean Europe (data were derived from Verstraeten et al. 2006 and Vamaercke et al. 

subm.). ICOLD WRD is International Commission of Large Dams World Register of Dams.  

 


