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Abstract Improved insight into the regional patterns of sediment yield (SY, t km-2 a-1) and its 
scale dependency helps to better understand erosion and transport processes, factors controlling 
sediment export from river catchments, and to identify major erosion hotspots. Over the past 
decades, large efforts have been made to model sediment yield. Although this has led to a better 
understanding of the factors controlling sediment yield, most of the insights are either valid for a 
particular region and catchment or focus only on the largest rivers, at a global scale. However, 
little is known about regional differences of sediment yield at the continental scale, particularly in 
Europe.  
 
Based on an extensive literature review (scientific publications and internal reports), a SY-
database was developed which aims at bridging this gap. Only data on sediment yield measured 
at gauging stations or derived from reservoir siltation rates were considered. In total, sediment 
export data at 1 794 different locations throughout Europe were collected (507 reservoirs and 1 
287 gauging stations), representing a minimum of 29 200 catchment-year data. The database 
comprises a large range of catchment areas (A, km²): i.e from small upland catchments (≥ 0.01 
km²) to major European river basins (≤ 1 360 000 km²).  
 
Here we provide an overview of the SY-data collected and a discussion of the spatial patterns of 
SY in Europe. A clear difference could be noted between temperate regions of Western Europe 
(low SY values, i.e. <50 t km-2 a-1) and Mediterranean regions of Europe (generally higher SY-
values, often more then 300 t km-2 a-1). Mountainous regions could also be clearly distinguished 
with relatively high SY values. We further investigated the relationship between catchment area 
(A, km²) and SY for several regions in Europe. A negative relationship is normally expected due 
to a decrease in topsoil erosion rates on more gentle slopes and an increase in alluvial sediment 
deposition with an increase in catchment size. However, for several regions, including 
Mediterranean Europe, no clear decrease was found. A comparison of the SY-values with rates of 
sheet and rill erosion measured, using runoff plots also showed important differences between the 
Mediterranean region and other regions. These differences in scale dependency illustrate the 
importance of erosion processes, other than sheet and rill erosion (i.e. mass movements, 
riverbank erosion, and gullies) and stress the need for an integrated SY-modeling approach, 
considering various types of sediment sources and sinks. 
 

INTRODUCTION 
 
The risk of soil erosion by water has received considerable attention in Europe (e.g. Boardman & 
Poesen, 2006). Extensive research during the last decades has led to a better insight into the 
spatial patterns and intensity of water erosion processes at the hillslope scale in Europe (e.g. 
Cerdan et al., 2006; Kirkby et al., 2004). Regarding sediment export rates at the catchment scale 
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the insights are, however, much more limited. Nevertheless, a better insight is crucial to avoid the 
off site impacts of soil erosion, e.g. reservoir siltation (Verstraeten et al., 2006) and 
eutrophication (Rekolainen et al., 2006).  
 
Several studies indicated that extrapolation of soil erosion rates from the hillslope to the 
catchment scale is not straightforward, as with increasing catchment area other erosion and 
sediment deposition processes become more important (Walling, 1983; de Vente & Poesen, 
2005; de Vente et al., 2007). Attempts to model sediment yield (SY, t km-2 a-1) at the catchment 
scale in a physical way often perform badly as they do not include all relevant erosion and 
sediment deposition processes or have too high data requirements (Merritt et al., 2003; de Vente 
& Poesen 2005). Empirical models are therefore a powerful alternative as they have smaller data 
requirements and often perform at least equally well (Jetten & Favis-Mortlock, 2006). However, 
their results are either only valid for large river systems at a global scale (e.g. Syvitski & 
Milliman, 2007) or for a specific region (e.g. Aalto et al., 2006; de Vente et al., 2006; de Vente et 
al., 2008; Verstraeten, 2006) and heavily depend on their calibration due to site-specific 
conditions. Hence, our insights in the regional differences in sediment yields, their controlling 
factors and their scale dependencies are limited for the European continent. 
 
An important issue, hampering a better insight in the spatial variations of SY in Europe, is the 
lack of an overview of available sediment yield data. Whereas for the USA, an extensive gauging 
network exists, providing suspended sediment load data for more then 1400 catchments (USGS, 
2009 in Gonzales-Hidalgo et al., 2009), such large dataset is not available for Europe. 
Nevertheless, many sediment yield data exist for European catchments, reported in various 
scattered sources. Although several authors have summarized available sediment yield data 
worldwide, they do not exploit the full potential of the currently available SY-data for Europe as 
they only consider larger river systems (i.e. > 100 km²) and are based on only a limited number of 
catchments for Europe. (e.g. Jansson, 1988 : 445 entries for Europe; Meybeck & Ragu, 1995: 45 
entries; Milliman et al., 1995: 112 entries). Furthermore, many new SY-data have been published 
recently. 
 
Therefore the objectives of this study are: i) to present an overview of available SY-data in 
Europe, collected from different sources; ii) to discuss differences in SY for different regions in 
Europe; and iii) to explore regional differences in scale dependency of SY in Europe. 
 

CONSTRUCTION OF THE DATASET 
 

Based on an extensive literature review, data on sediment yield of European rivers were collected 
from scientific publications, MSc., PhD. theses and reports from hydrological institutes. Only 
sediment yields that were derived from measurements at a gauging station or from reservoir 
siltation rates, over a measuring period of at least one year and with a catchment area (A, km²) of 
at least 0.01 km² were considered.  
 
Each entry in the database corresponds to one catchment for which SY has been measured and 
contains at least the name of the river, the measurement method (observation at a gauging station 
(‘GS’) or derived from a reservoir siltation rate (‘R’)), the location of the GS or R, A (km²), the 
total sediment yield (TSY, t a-1), the area-specific sediment yield (SY, t km-2 a-1), and the 
measuring period. For several entries, the actual measuring period was not reported but indicated 
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to be longer then one year. In these cases, a measuring period of one year was assumed. If 
available, additional information on the measuring method was also recorded. The coordinates of 
all entries were included, based on the originally reported coordinates. If original coordinates 
were unavailable, an estimation was made, based on the description of the measuring location, 
using Google Earth™. If the measuring location could not be determined sufficiently accurate 
(e.g. when no location name was reported), the entry was not included in the database. As many 
SY data are reported several times in different sources, the database was checked for duplicate 
entries. Two entries were considered as duplicates if they had the same measuring location and 
(therefore) the same drainage area. In such case, only the most reliable entry was used. In 
general, the source that reported the sediment yield for the longest measuring period was 
considered as most reliable. If the measuring period were equal or unknown, the source that 
provided the most detailed information on the measuring location and measuring technique was 
used. 
 
The GS-entries in the database comprise SY-data, measured and calculated by a wide variety of 
techniques and procedures. It was assumed, however, that all reported sediment export rates, 
were calculated as accurate as possible and all sediment export values were incorporated in the 
database as reported in their original reference. For GS-entries, only the suspended sediment 
export was considered, as bedload data was unavailable for most gauging stations and dissolved 
loads fell out of the scope of this study. For R-entries, TSY was estimated as the product of the 
annual sedimentation rate in the reservoir or pond (m³ a-1) and the dry sediment bulk density 
(dBD, t m-3), divided by the sediment trap efficiency of the pond or reservoir (TE). In several 
cases, not all factor values for this calculation were known. Some sources did not report the dBD 
of the sediment. In these cases, a bulk density of 1.12 ton m-3 was assumed. This value was 
calculated as the average bulk density of a large dataset of reservoir siltation rates (Verstraeten et 
al., 2006). Also TE was unknown in most cases. Although TE can be measured, this is generally 
expensive and time-consuming. Several procedures exist to estimate TE (Verstraeten & Poesen, 
2000). In our study, missing TE-values were estimated using an empirical equation, where TE is 
assessed, based on the reservoir capacity, the catchment area and a constant depending on 
specific characteristics of the reservoir (Brown, 1943 in Verstraeten & Poesen, 2000). 
 

DESCRIPTION OF THE DATASET 
 

The constructed dataset, currently consists of 507 R-entries and 1 287 GS-entries. The sum of the 
duration of the measuring periods of all the R-entries represent a minimum of 13 751 ‘catchment 
years’ of data (for 87 R-entries the measuring period was unknown and a period of 1 year was 
assumed). The GS-entries cover a minimum of 15 452 catchment years of data (for 120 GS-
entries a period of 1 year was assigned as the measuring period was unknown). Figure 1 gives an 
overview of the number of entries and the number of catchment years for each country. Whereas 
several countries have many SY-data (e.g. Romania, Italy, Spain, Turkey), other countries have 
only a limited number of entries or no data at all (e.g. Ireland, Belarus, Lithuania). For several 
countries, more SY-data exists, but could not be obtained (e.g. Ukraine, Kovalchuk & 
Vishnevskiy, 2004). The overview presented here is therefore not a complete overview of all SY-
data but covers the vast majority of available SY-data in Europe. 
 
Figure 2 shows the distribution of all entries and number of catchment years according to their 
drainage area. From these histograms, it is clear that most entries have drainage areas between 
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100 and 10 000 km². Data from catchments, smaller than 10 km² and especially smaller than 1 
km² are relatively rare. The distribution of the number of catchment years per A-class 
corresponds more or less with the distribution of the number of entries, except for entries with a 
catchment area of 1-10 km². This group has a relatively larger number of catchment years as it 
includes several old reservoirs in England from which long-term SY-values could be calculated. 
A more detailed description of the data and their references is provided in Vanmaercke et al. 
(submitted). 
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Figure 1 Overview of number of catchment-year data in the database for each country (‘n’ 

indicates the corresponding number of entries). 
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Figure 2 Overview of number of catchment-year data in the database for several catchment area 

classes (‘n’ indicates the corresponding number of entries). 
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SPATIAL PATTERNS AND SCALE DEPENDENCY OF SY IN EUROPE 

 
Figure 3 Boxplot of SY-values per country. The dominant climatic regions of the country 
(according to the LANMAP 2 classification; Mücher et al., 2006; Metzger et al., 2005) are 

indicated between brackets (A: Atlantic, B: Boreal, C: Continental, K: Arctic, M: Mediterranean, 
S: Steppic, T: Anatolian, Z: Alpine). ‘n’  is the number of entries. 

 
The range of measured SY-values per country is displayed in figure 3. As can be seen from this 
figure, large differences in SY exist between as well as within countries. To allow better 
comparison, the dominant climatic zones of each country (according to the LANMAP 2 
classification; Mücher et al., 2006; Metzger et al., 2005) are indicated. The climatic zone of each 
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entry was determined, based on the location of the GS or R. As some large catchment cover more 
than one climatic zone, their assignment to the climatic zone of the outlet may be disputable. 
However, the number of catchments in the database being in this situation is expected to be 
relatively small (i.e. < 25%). Although direct interpretation is difficult as country borders can 
cover different climatic zones, figure 3 suggests that especially countries in the Mediterranean 
and Alpine climatic zones are characterized by high SY-values, whereas countries in the Boreal 
and Atlantic climatic zones generally have lower SY-values. Statistical analysis of the data 
confirms this trend. The median SY-value for the Mediterranean climatic zone is 218 t km-2 a-1, 
198 t km-2 a-1 for the Alpine zone, 144 t km-2 a-1 for the Anatolian zone, 98 t km-2 a-1 for the Arctic 
zone, 70 t km-2 a-1 for the Continental zone, 60 t km-2 a-1 for the Steppic zone, 28 t km-2 a-1 for the 
Atlantic zone and 6 t km-2 a-1 for the Boreal zone.  
 
Table 1 displays the regression results between A and SY for the different climatic zones. The 
R²-values of these regressions are very low which can be explained by the importance of other 
factors controlling SY. Each climatic zone covers a large area with a large variation in physical 
factors such as topography, lithology and land use. Further, the SY-data used for the regressions 
vary in measuring method and measuring period. Nevertheless, differences can be noticed 
between the climatic zones. Whereas the Atlantic, Boreal and Continental zone have weak but 
significant (α = 0.05) decreasing trends with comparable slopes and R²-values, this is not the case 
of the Anatolian and Alpine climatic zones, showing no significant trend. Also the Mediterranean 
zone has a significant A-SY relationship. However the slope and R² of this trend is considerably 
lower compared to the other zones with a significant trend. Moreover, it was found that this trend 
line was strongly influenced by 6 small catchments (A < 0.1 km²) with a very high SY. If these 
catchments are left out, the trend is no longer significant. For the Steppic zone, a significant 
decreasing trend was found. This trend is however based on a relatively small number of 
catchments. Also for the Arctic climatic zone, the number of observations is too low to draw 
conclusions. 
 
Table 1 Regression results of A(km²)-SY (t km-2 a-1) relationships for different climatic zones in 
Europe. (‘n’ indicates the number of entries for each relationship, ‘R²’ the correlation coefficient 

and ‘p’ the probability of the F-statistic). 

 
To analyze the differences in scale-dependency of SY-values for different climatic zones, a 
comparison was made between our SY-data and a dataset of soil erosion rates, measured at runoff 
plots (≤ 0.0001 km²) (Maetens et al., 2009). To avoid bias, only plots without soil and water 

Climatic zone Regression equation n R² p 

Atlantic 13.04.64  ASY  282 0.10 < 0.0001 

Boreal 14.01.22  ASY  93 0.11 0.001 

Continental 14.0171  ASY  608 0.06 < 0.0001 

Arctic 42.02.45 ASY   7 0.47 0.0874 

Mediterranean 07.0298  ASY  540 0.01 0.0068 

Steppic 37.02495  ASY  37 0.37 0.0001 

Anatolian 02.0102 ASY   70 0.00 0.8799 

Alpine 09.0247  ASY  157 0.01 0.1642 
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conservation measures were considered. Figure 4 displays the cumulative distributions of these 
soil erosion rates and our SY-data. In this figure a distinction is made between catchments and 
runoff plots in the Mediterranean climatic region and non-Mediterranean catchments and runoff 
plots. The non-Mediterranean data only contains SY and erosion rate data from the Boreal, 
Atlantic and Continental climatic zones as insufficient plot data was available for the other zones 
(i.e. Arctic, Steppic, Anatolian and Alpine). The results of figure 4 should be interpreted with 
care as these cumulative distributions are based on data, collected under widely varying 
conditions. Nevertheless some clear differences are visible. Whereas the SY-values from 
catchments in the Mediterranean zone are generally higher than SY of non-Mediterranean 
catchments, the plot erosion rates from the Mediterranean zone are generally lower then those of 
the non-Mediterranean. Consequently, plot erosion rates are generally higher than catchment SY-
values in the non-Mediterranean regions, but lower in the Mediterranean zone. 
 

 
Figure 4 Cumulative distribution of catchment SY-values and plot erosion rates. The non-
Mediterranean data contains data from the Atlantic, Boreal and Continental climatic zone. 

 
DISCUSSION 

 
Regarding the spatial variation of SY in Europe, our findings agree well with previous studies, 
reporting low SY-values in temperate and boreal climates and generally higher values in the 
Mediterranean world (Jansson, 1988; Walling & Webb, 1996; Woodward, 1995; Verstraeten et 
al., 2006). Also in a study from the USA, it was found that the highest sediment yields occur in 
hydrological units with a Mediterranean climate (Gonzales-Hidalgo et al., 2009). It should be 
noted, however, that the observed differences are not only attributable to differences in climate. 
Important correlations exist between the used climatic classification and other physical factors, 
relevant for SY. E.g. the Alpine climatic regions in our analyses generally agree with the 
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mountain ranges of Europe. Milliman and Syvitski (1992) clearly indicated the importance of 
topography on SY-fluxes. The observed higher SY-values for this climatic zone are therefore 
probably more a result of the high relief than of the climatic conditions in these areas. Many 
regions in the Mediterranean climatic zone are likewise characterized by steep topography and 
very erodible lithologies, leading to higher sediment yields (Woodward, 1995). Also in the USA, 
the higher SY in the Mediterranean regions are not only attributed to differences in climate but 
also to lithology and human interventions (Gonzales-Hidalgo et al., 2009). Furthermore, the 
majority of R-entries in our SY-database are situated in the Mediterranean and Alpine zones, 
while it can be expected that differences in methodologies lead in general to higher SY-values for 
R-entries than for GS-entries (e.g. GS-entries do not include bedload, while R-entries consider 
the total load) (Vanmaercke et al., submitted). 
 
A negative relationship is generally expected between catchment area and sediment yield due to a 
decrease in topsoil erosion rates on more gentle slopes and an increase in alluvial sediment 
deposition with an increase in catchment size. However many examples exist were no relation or 
a different relationship was found (e.g. Walling, 1983; Church & Slaymaker, 1989; de Vente et 
al., 2007). For the Boreal, Atlantic and Continental climatic zone, our data seems consistent with 
this expectation as erosion rates from runoff plots are generally higher compared to SY-values 
from catchments (figure 4) and a weak decreasing trend was found between A and SY (table 1). 
For the Mediterranean, Alpine and Anatolian climatic zone, however, the A-SY trends showed a 
weaker (or no) decrease and more scatter, while plot soil erosion rates are generally lower then 
SY-values at the catchment scale for the Mediterranean region. This suggests a different 
relationship between catchment area and sediment yield. The generally lower soil erosion rates at 
the plot scale in the Mediterranean region have already been reported in previous studies (e.g. 
Poesen & Hooke, 1997; Cerdan et al., 2006). Poesen & Lavee (1994) show that the 
Mediterranean region are generally characterized by more stony soils, while Poesen et al. (1994) 
discuss the significant effect of stoniness on the reduction of sheet and rill erosion rates at the plot 
scale. However, as catchment area increases, other erosion processes such as gully erosion, bank 
erosion and mass movements may contribute significantly to SY (de Vente & Poesen, 2005). As 
catchment area increases, SY can therefore first increase, reach a maximum at the medium-sized 
catchment scale and then decrease due to an increase in (floodplain) storage. This was for 
example illustrated with datasets of Spain and Italy (de Vente & Poesen, 2005; de Vente et al., 
2007). 
 
The importance of other erosion processes (such as gullying, bank erosion and mass movements) 
and their effects on the scale-dependency of SY has important consequences for modelling 
sediment fluxes at the catchment scale. For example, the WATEM-SEDEM model (Van Oost et 
al., 2000; Van Rompaey et al., 2001) makes a RUSLE-based estimation of the sheet and rill 
erosion rate for each pixel and then assesses how much of the eroded sediment is routed to a next 
pixel and how much is deposited. This model was found to predict average sediment yields 
reasonably well for catchments in Belgium and the Czech Republic, but was unable to predict the 
SY for catchments in Spain or Italy (Van Rompaey et al., 2001; Van Rompaey et al., 2003). de 
Vente et al. (2008) compared different spatially distributed erosion and sediment yield models for 
Mediterranean catchments. They observed that the catchment SY was higher then the gross-
erosion rate due to sheet and rill erosion, predicted by the PESERA model (Kirkby et al., 2004), 
illustrating the importance of other erosion processes. A model (SPADS) that takes other 
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sediment sources into account was found to perform better then models that only consider the 
erosion processes on the hillslope and the sediment delivery. 
 

CONCLUSIONS 
 
Although significant improvements in understanding the controlling factors of sediment yield at 
the catchment scale have been made over the last decades, our insight into the regional variation 
of sediment fluxes on the European continent is limited. An important factor, hampering a better 
understanding of these fluxes, is the lack of integration of existing (local) studies on sediment 
yield. Based on an extensive literature review, a database was developed which aims at bridging 
this gap. Measured SY-data from gauging stations and reservoirs in Europe was collected from 
various sources. This paper presented an overview of this dataset and first results obtained from 
analysis of the SY-data. 
 
Important differences in SY were found between different climatic regions of Europe, with the 
highest median SY-values occurring in the Mediterranean and Alpine regions and the lowest 
values in the Boreal and Atlantic zones. Also in the A-SY relationships, significant differences 
were noticed. These differences can, however, not only be attributed to climatic characteristics. 
Other physical factors also play an important role. This is reflected in the low correlation 
coefficients of the A-SY relationships per climatic zone. The results should therefore be 
interpreted with care. Nevertheless, our data suggests differences in scale-dependency between 
the non-Mediterranean (i.e. Atlantic, Boreal and Continental) zones and the Mediterranean zone. 
Whereas in the non-Mediterranean zone plot soil erosion rates are generally higher than 
catchment SY and SY tends to decrease with A, this seems not the case in the Mediterranean 
zone. In the latter, other sediment sources (such as gullies, bank erosion and mass movements) 
are often more important than sheet and rill erosion. Models that do not take these erosion 
processes into account, therefore often fail to predict SY in Mediterranean catchments. 
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