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Abstract  
The Wilde Weisseritz catchment in Saxony, Germany is sensitive to floods. Riparian 

forest changes can reduce the sediment yield and the flood risk. The sediment yield is 

calculated with the spatially distributed erosion and sediment delivery model 

WaTEM/SEDEM and LAPSUS-D.  
 

This study analyses the performance of two models on two scenarios. Two different 

riparian forest scenarios are proposed to decrease the sediment yield. The effects of 

the two scenarios are calculated by the models WaTEM/SEDEM and LAPSUS-D. 

WaTEM/SEDEM is an empirical model, which uses the RUSLE approach to estimate 

the sediment yield per year. In contrast, LAPSUS-D is a process based model that 

uses the water balance as an approach and estimates the sediment yield per day. The 

sedimentation yield of the newly developed LAPSUS-D model will be compared to 

the established WaTEM/SEDEM model.  The comparison of the models will give a 

better insight in the influence of daily rainfall versus yearly precipitation. The 

scenario runs will indicate the influence of the presence and location of riparian forest 

zone. 

 

The total sediment production, deposition and sediment yield estimated by 

WaTEM/SEDEM are comparable to other researches. Due to the parameterization 

problems, the sediment production and deposition values of LAPSUS-D are 

extremely high. The approaches of the models are clearly different. WaTEM/SEDEM 

shows that contribution to erosion mainly is caused by agricultural land. On the 

contrary, LAPSUS-D illustrates erosion primarily with the flow of the river. Though, 

between the daily and yearly time step there were no visible differences. This result 

shows that, it is better to compare LAPSUS yearly runs with LAPSUS-D, to 

determine if the daily runs of LAPSUS-D have a different influence compared to 

yearly runs. LAPSUS and LAPSUS-D have the same approach, which makes it better 

to distinguish the differences between the influence of the daily and the yearly 

precipitation.  

 

The models WaTEM/SEDEM and LAPSUS-D illustrate no significant reduction of 

sediment yield with the riparian forest zones. The precise influence of the location of 

a riparian forest zone remains unclear in this research. The model WaTEM/SEDEM 

may not be suitable to estimate the effect of riparian forest zones and the model 

LAPSUS-D is still under construction. Linking WaTEM/SEDEM and LAPSUS-D 

might be the solution to estimate more accurate erosion, sedimentation and 

distribution on catchment scale, because WaTEM/SEDEM takes land use changes 

better into account than LAPSUS-D. On the other hand LAPSUS-D has an improved 

stimulation of the flow of water in the catchment. Integrated modelling of processes in 

a catchment may help to identify which interactions are important to determine the 

behaviour of a catchment. 
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1. Introduction  
In certain catchments there is an increased flood risk and erosion due to land use 

changes. Land use changes have influence on erosion and sedimentation of soils. For 

management purposes it is important to be able to assess the sediment yield of a 

catchment (Schoorl, 2002). The sediment yield can be estimated by different models, 

depending on the available data and the particular situation. At this moment models 

designed for estimating sediment yield are only capable to give either very detailed 

storm based information or yearly averages (Keesstra et al., 2009). However 

modelling the daily sediment yield of catchment with limited information is not 

feasible, so far.  

 

Models that use yearly averages disregard possible available detailed information. 

The models that apply yearly averages, like the RUSLE (Renerard et al., 1994), 

WaTEM/SEDEM and other related models do not use daily discharge and daily 

precipitation. There are storm-based models like LISEM (de Roo and Jetten, 1999) 

and WEPP (Laflen et al., 1991). However, the storm-based models require large data 

sets which are often not available for most catchments. Therefore models that require 

less input data, like WaTEM/SEDEM are often used to estimate the sediment yield of 

a catchment even though daily precipitation and discharge data is available.  

 

Until now there were no models available, that model sediment yield of one day for 

the spatial scale of a meso-scale catchment (50 ï 350 km
2
)
 
without making use of very 

detailed input data (Keesstra et al., 2009). To understand the processes in a catchment 

it is important to relate the processes on a representative spatial scale without 

requiring too much input data. LAPSUS is one of the models that estimate sediment 

yield on a meso-scale catchment and which requires limited data. To overcome the 

problem of disregarding daily data, the landscape evolution model LAPSUS has been 

adapted, to model sediment yield on a daily basis (Keesstra et al., 2009).  

 

To analyse the performance of LAPSUS-D it is compared to the longer existing 

model WaTEM/SEDEM. The two models are used in the case study; the Wilde 

Weisseritz catchment (60 km
2
), in Saxony, Germany. The Wilde Weisseritz is 

susceptible to sedimentation and floods. The catchment is characterized by steep 

slopes and agricultural land use that increase the erosion risk. However, altering the 

land use to forest can reduce the sediment yield.  Limited land use change from arable 

land to forest has a significant effect on regional soil erosion rates and sediment 

supply to rivers (Van Rompaey, 2002). The models will simulate the sediment 

delivery ratio with the current land use and two proposed riparian forest zones. The 

sediment delivery ratio might be reduced by the riparian forest zones.  

 

The hypothesis is that the sedimentation yield modelled by use of daily inputs might 

be more representative than when yearly inputs are used. Using daily precipitation 

might represent more accurate flood risk than yearly averages of precipitation. The 

comparison between the models WaTEM/SEDEM and LAPSUS-D is expected to 

reveal the contrast between a yearly and empirical based model using the RUSLE and 

a process model based on the water balance using daily input.  
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Figure 2 Land use of the Wilde Weisseritz  

2. Research outline 
This chapter describes the research location and its characteristics. Additional 

information about the motive of the research is explained in the background.  

2.1 Case study area 

The research area the Wilde Weisseritz catchment is situated in the Central Ore 

Mountains, to the south of Dresden (Saxony, Germany). The total research area is 

60.4 km
2 

which includes the upper part of the Wilde Weisseritz catchment. It 

originates in the Czech Republic at 800m altitude and ends at the beginning of the 

reservoir Lehnmühle at 400 m elevation. About 12.3 km² of the catchment is located 

in the Czech Republic. The average precipitation in the catchment is 849 mm per 

year. This data was gathered from the climate stations Hartmansdorf Lehnmuhle, 

Schellerhau, Zinnwald Georgenfeld and Caemerswalde (Fig.1). The gauging station 

Ammelsdorf assembles the discharge of the catchment (Fig. 1). 

 

The research area in the Czech Republic is mainly covered by conifers while in the 

rest of the catchment arable fields with corn and grain, forest and pasture fields are 

present (Fig. 2). The catchment is characterised by slopes in the range from 5% to a 

slope of 35% near the river (Fig 3.). The soil type in the catchment is mainly sand and 

clay loam (Fig 4.). The land use and soil data was gathered and supplied by the 

Technische Universität Dresden, Fakultät Forst-, Geo- und Hydrowissenschaften in 

Tharandt. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Case study area 

http://de.wikipedia.org/wiki/Talsperre_Lehnm%C3%BChle
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Figure 3 Slopes in the Wilde Weisseritz Figure 4 Soil types in the Wilde Weisseritz  

 

 

In 2002, this area was affected by a flood. Possible land use changes might lower the 

flood risk by reducing the sediment yield. Sediment delivery to river channels is 

probably the most problematic off site consequence of soil erosion (Van Rompaey et 

al., 2005). One of the off site effect of sediment delivery is reducing the capacity of 

reservoirs. The catchment discharges in the reservoir Lehnmühle. This reservoir is 

currently used to supply drink water and gain electricity. Reducing the sediment 

delivery can decrease flood risk and increases the life time of the reservoir and 

preserve its functions. 

2.2 Background 

Different decisions in the Wilde Weisseritz catchment were taken as a result of the 

disastrous floods during recent years, especially the flood in August of 2002. The 

novel water law of Saxony (SächsWG, 2004) is a consequence of the flood and 

includes conservation and improvement of the natural water retention (Wahren et al., 

2007). Natural water retention can be achieved by increasing the absorption of soils, 

which reduces future flood risks. This can be arranged by reforestation, because under 

forest land use the soil moisture is often lower, infiltration and percolation will 

increase generally during a rain storm (Wahren et al., 2007). Forest land use has 

usually a higher infiltration than other land uses, resulting in less runoff. However 

reforestation can also initially  induce more flooding due to drainage of wet locations 

and soil compaction after employment of heavy machinery (Seegert et al., 2003). Soil 

compaction and floods cause higher surface runoff and increase the amount of 

sediment. Therefore reliable model calculations are essential to quantify the effect of 

reforestation on sediment yield in the catchment.  

 

According to Dooge (1986) catchments are complex systems with some degree of 

organizations. The catchment includes interaction between groundwater, surface 

http://de.wikipedia.org/wiki/Talsperre_Lehnm%C3%BChle
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water, soils, slopes and vegetation. At this moment the interactions are not always 

well understood. The processes and the characteristics of a catchment are simplified 

to make modelling possible. Before modelling can take place units are modified by 

assumptions of homogeneity and uniformity (Sivapalan, 2005). This simplification 

process should be taken into account when validating the results of the models 

WaTEM/SEDEM and LAPSUS-D.  

2.3 Methodology 

The Wilde Weisseritz catchment is susceptible to sedimentation and floods. The main 

objective is to investigate the current land cover of the Wilde Weisseritz catchment 

and to simulate the effect of two riparian forest scenarios. The sediment redistribution 

of the current land cover and future possible land covers are modelled by 

WaTEM/SEDEM and the newly developed model LAPSUS ï D. The results of both 

models will be compared in terms of total sediment yield and the spatial distribution 

of erosion and sedimentation.   

 

WaTEM/SEDEM and LAPSUS-D need relatively little data input. They use a grid 

based approach for the spatial distribution and allow variations related to water flow, 

soil and vegetation. WaTEM/SEDEM uses the RUSLE to estimate the sediment yield. 

This predicts soil loss per year and includes precipitation, soil erodibility, land use 

and the effect of the slope length and steepness. LAPSUS-D uses the water balance 

approach which focuses on water storage. It is expected that the approaches give 

different sediment yields.   

 

In this research first, the models characteristics are described and the specific input 

data are explained. Furthermore the two riparian forest scenarios are specified. The 

model output is compared with empirical data (Peeters et al, 2009). In this case the 

measured discharge was used. This shows which parameters setting is necessary 

related to the reliability of the results. Second, the models are evaluated by model 

formulation, efficiency and sensitivity to processes and results. This gives insight in 

the performance of the models. Finally, the scenarios are compared with each other in 

relation to the effectiveness to reduce the sediment yield of the upper catchment of the 

Wilde Weisseritz. The varieties or similarities are visualized in an apparent manner.  
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Figure 5 General structure of WaTEM/SEDEM 

3. Models  
WaTEM/SEDEM and LAPSUS-D have a different approach but some of their inputs 

are similar. WaTEM makes use of the RUSLE with the emphasis on land use. 

LAPSUS-D uses the water balance with the water flow as an important parameter. 

Both models use land use data, precipitation, soil map and Digital Elevation Model 

(DEM) to simulate the sediment yield and the distribution of erosion.  

3.1 Description WaTEM/SEDEM 

 

WaTEM/SEDEM is an empirical 

model developed at the Catholic 

University in Leuven (Van Rompaey 

et al., 2001). WaTEM stands for 

Water and Tillage Erosion Model and 

SEDEM for Sediment Delivery 

Model. It uses the same parameters 

as the RUSLE (Renard et al., 1994) 

to calculate the erosion component. 

The RUSLE: PCSLKRE ÖÖÖÖÖ=  

where E is the mean annual soil loss 
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erosion control practice factor. 

 

To use the approach in a two-
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where Li,j is the slope length factor for the grid cell and Ai,j is the contributing area at 

the inlet of a grid cell (m
2
), D is the grid cell side length (m), Xi,j = sin Ŭi,j + cos Ŭi,j is 

aspect direction for the grid cell (i, j), and m is the slope length exponent (Desmet and 

Govers,1996). 

 

The first input of the model includes a DEM of the research area to calculate slope 

gradients and contributing areas (Fig. 5). The DEM file is used to calculate the slope-

length (LS) factor using a multiple flow algorithm to analyze the area according to 

Desmet and Govers (1996). Also a parcel map is required in the first input. The map 

distinguishes between arable land, forest, infrastructure and build-up areas, and rivers. 

The parcel map includes the effect of parcel borders in relation to the runoff direction, 

interception and sedimentation. Furthermore the river map is included in the first 

input. This map locates the main rivers in the research area. The river map is used in 

the model to sum the sediment that reaches the river. It evaluates the sediment yield 
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for different river segments. This together with a river routing file describes the river 

topology by different river segments.  

 

Secondly a map with the soil erodibility (K- factor) and a crop erosivity map (C-

factor) are necessary (Fig. 5). The cropping factor is used to estimate the effect of the 

land use on erosion rates. It represents the effects of plant cover and plant density on 

erosion. The factor ranges from 0 (no erosion) to 1 (bare soil). The soil erodibility 

factor is determined by texture of the soil. It expresses the susceptibility of the soil to 

erosion and the rate of runoff. In this case the K factor was analyzed by use of the soil 

erodibility equation of Declercq and Poesen (1991): 
2

5.0

7584.0

519.1log
exp8.385.3 ö

÷

õ
æ
ç

å +
+=

- Dg
K  

where Dg is the geometric mean particle size (mm). 

 

In addition parameter settings related to the parcel connectivity and border trap are 

set. The relation between the total upstream flow and the arable land parcels and 

forest or pasture parcels is described by the parcel connectivity. This connectivity 

represents to what extent water transport is stopped at the parcel border (Notebaert et 

al., 2006). Especially runoff from arable fields to forest or pasture will be trapped at 

their parcel borders and reduces erosion rates. The values are in percentages.  

 

The extra parameters include the LS (slope length) equation, transport capacity and 

bulk density (Fig 5). The LS equation represents the spatial variability of soil erosion 

caused by topography. Several algorithms to calculate the effect of the slope length on 

the soil erosion are possible in the model. In this research the slope length equation of 

McCool et al. (1987, 1989) is used, based on the experience of the research 

Drzewiecki and Mularz (2008).  As this research was done in a similar climate and 

their catchment had similar characteristics as the Wilde Weisseritz. For each grid cell 

the annual transport capacity (TC) in kg m
-1
 was determined. TC is the maximum 

mass of soil that can exit a grid cell per unit length to the down slope grid (Van 

Rompaey et al., 2001). The TC is expressed by  
PRTC

EKTC Ö=  where TC is the 

transport capacity (kg m
-1
 y

-1
), KTC is the transport capacity coefficient (m), and EPR is 

the potential for rill erosion (kg m
-2

 y
-1
). TC is the maximum amount of soil that can 

leave a unit area.  TC depends on topography and land use. For instance the TC is 

higher of agricultural fields than of forest and pasture. The higher the transport 

capacity coefficient, the more sediment can be transported down slope (Notebaert et 

al., 2006). Sediment deposition occurs if the amount of sediment exceeds the transport 

capacity. 
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Table 1 C- factor 

Table 2 K - factor 

3.2 Data input WaTEM/SEDEM 

Long-term average annual soil loss and sediment delivery are modelled by 

WaTEM/SEDEM using different data input. The data in grids have a resolution of 30 

meters. All  files were converted from an Ascii to an Idrisi format to be appropriate for 

the model.   

 

The DEM map was made by digitalizing contour lines and adding height which 

ArcGIS transformed into a DEM. The parcel map was created with use of recent 

Google Earth images of the area. In this way the individual fields were without 

difficulty drawn. The river map was supplied by the Technische Universität Dresden, 

Fakultät Forst-, Geo- und Hydrowissenschaften in Tharandt.  

 

The cropping (C) factor was established per 

land use (Table 1). The value of the cropping 

factors was derived from other researches 

(Wischmeier and Smith, 1978; Dissmeyer and 

Foster, 1980; Renard et al., 1997).  The 

Fakultät Forst-, Geo- und 

Hydrowissenschaften in Tharandt made a 

distinction between the different types of 

forest. The C factor is related to the trees and 

to the undergrowth by grasses and bushes. In 

case of the marsh forest there is more 

undergrowth than under other forest types which resulted in a lower C factor for 

marsh forest.  The agricultural land use in the catchment area is mainly corn and 

wheat. This C factor of agriculture is an average of corn (0.39) and wheat (0.36). 

 

The erodibility (K) factor was established per 

soil type. Different K factors are representing 

the soil types in the catchment (Table 2). Areas 

with loamy sand are sensitive to erosion. This 

results to a low K factor. The soil type silty 

loam has a better texture which makes it less 

sensitive to erosion.  

 

The rainfall erosivity factor (R) in MJ mm m
-2

 

h
-1
 is applied. The R value uses the average 

annual precipitation data.  The precipitation data of four climate stations 

(Hartmannsdorf Lehmuhle, Schellerhau, Caemmerswalde and Zinnwald-Georgenfeld) 

were used (Fig. 1). The rainfall data per day is recorded from 1971 till 2000. Since the 

research interest is related to future land use changes, only the rainfall of the last 10 

years is used.  The average annual rainfall in those years was 849 mm which results in 

an R value of 0.07 according to the predictions of Pawel Licznar (2005). Also a 

relative dry year (R of 0.056) and wet year (R of 0.089) were modelled to analyse the 

sensitivity of the model regarding the R value. 

 

Land use C- factor 

Agriculture 0.380 

Pasture 0.271 

Build up area 0.500 

 
Marsh-forest 0.035 

Border tree 0.038 

Broad leaved tree 0.040 

Conifers 0.050 

Soil type K- factor 

Loamy sand 4 

Sandy loam  13 

Sandy clay 20 

Silty clay 26 

Clay loam 30 

Silty loam 38 
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Figure 6 General structure of LAPSUS (Temme, 2008) 

3.3 Description LAPSUS-D 

The newly developed process based 

model LAPSUS-D (Keesstra et al., 

2009) has the water balance as its 

basis. The water balance includes the 

precipitation subtracted by the storage, 

evapotranspiration and runoff. The 

original model LAPSUS (LandscApe 

ProcesS modeling at mUlti dimensions 

and scaleS) is based on early works of 

Kirkby (1971; 1978; 1986), Foster and 

Meyer (1972; 1975) and Schoorl 

(2002). It is used for very different 

temporal scales. Originally it was 

designed to be a landscape model with 

an extended time step. Buis (2008) has 

adopted the model to include the effect 

of vegetation cover.  

 

LAPSUS-D uses the potential energy 

content of flowing water over the landscape as driving force for sediment transport. 

Process 1 includes the flow of water (Fig. 6). The DEM determines the flow from cell 

to cell. The flow from cell to cell is based on the fraction of the amount of out flow 

equal to the difference in height or slope and divided by the summation of the slope 

gradient from neighbour cells (Holmgren, 1994). The LAPSUS-D model uses a 

continuous draining surface and can not calculate with sinks in the DEM. Sinks are 

cells in a DEM that have only higher and equally high neighbours (Temme, 2008). 

The sinks were removed by use of the Arc Map spatial analyst tool and function fill.  

Furthermore the function focal statistics (mean 9x9) was used to smooth the DEM.  

This is required to manipulate a steady flow through the grid cells. The flow direction 

map created with the spatial analyst tool hydrology is required to make sure that the 

runoff flows in one direction.  

 

LAPSUS-D estimates for each grid the detachment, transport and sedimentation rate. 

To obtain those values the water flow should be calculated. To determine the flow of 

water, permeability is used as the k factor in the Darcyôs law equation.  There is a 

division between permeability in and through because permeability in, determines 

temporal storage. To estimate the water storage, the soil depth map is required. The 

soil depth is determining together with the initial storage capacity the amount of 

moisture stored in the soil. The moisture storage is related to the infiltration. To 

calculate infiltration, soil depth is multiplied by porosity.  

 

Process two is related to the sedimentability and erodibility (Fig. 6). Sediment 

transport is an important factor in the model. The sediment transport is a function of 

the transport capacity that depends mainly on the discharge and slope (Buis, 2008).  

The discharge to the power of m (a constant) and slope to the power of n (a constant) 

are determining the transport capacity (Schoorl, 2002).  Sediments are eroded 

depending on the erodibility. The K factor (erodibility) is multiplied by the discharge 

and slope to determine the detachment. The erodibility incorporates properties of the 

soil. High K values indicate transport limited conditions and low K factors indicate 
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Table 5 Permeability 

Table 4 Porosity 

detachment limited conditions (Schoorl, 2002). There is no transport of sediment 

when K is too high and there is no detachment of particles when K is too low. To 

determine the sedimentation the P factor (sedimentability) is applied. The land use 

properties specify the P factor. The settlement capacity is a function of P multiplied 

by discharge and slope.  

3.4 Data input LAPSUS-D 

Daily soil loss and sediment delivery are modelled using different grids by LAPSUS-

D. The grids have a resolution of 30 meters. All files were converted to an Ascii 

format to be appropriate for the model.   
 

The soil depth in the catchment ranges from 0.3 m to 2 m depth 

(Table 3). The smallest soil depths are situated at areas in the 

catchment dominated by forest. Deeper soil depths are located at 

agricultural areas in the watershed.  This data was gathered and 

supplied by the Technische Universität Dresden, Fakultät Forst-, 

Geo- und Hydrowissenschaften in Tharandt.  

 

The porosity values in percentages 

depend on the organic matter. The  

organic matter data was supplied by 

the Fakultät Forst-, Geo- und Hydrowissenschaften in 

Tharandt.  In the German Bodenkundliche 

Kartieranleitung an overview of the soil types, organic 

matter in relation to their porosity values are given 

(Sponagel et al., 2005). The porosity values vary from 9 

% to 17 %. The value of 17 % can be found around the 

river and streams. The area in the catchment under forest has generally a porosity of 

15 %. The other porosity values are located in areas dominated by agriculture (Table 

4). 

 

A permeability file in mm per day is created using 

the permeability values per soil type in the area. 

Permeability depends on the organic matter. The 

specific data about the organic matter was 

supplied by the Technische Universität Dresden, 

Fakultät Forst-, Geo- und Hydrowissenschaften.  

In the German Bodenkundliche Kartieranleitung 

an overview of the soil types, organic matter and 

their permeability values are given (AG Boden, 

2005).  Unsaturated soils covered by forest have the highest permeability value in the 

catchment. The area under agriculture has the lowest permeability value which is 

caused by low organic matter (Table 5).  

 

For the model also precipitation and discharge data of the catchment are required. 

Daily precipitation data of 1971 to 2000 from the stations Hartmannsdorf Lehnmuhle, 

Schellerhau, Caemmerswalde, Zinnwald-Georgenfeld were taken (Fig. 1). An average 

precipitation year a wet year and a dry year were modelled to analysis the sensitivity 

of the model regarding precipitation. For discharge data the daily records of the 

Soil depth         

(m) 

0.3 

0.6 

0.8 

1.0 

 
1.2 

1.5 

 
2.0 Soil type Porosity 

(%)  

Sand 9 

Loam 10 

Sandy clay 15 

Silty clay 17 

Soil type Permeability 

(mm/d) 

Sand 20 

Loam 109 

 
Sandy clay 500 

Silty clay 4000 

Table 3 Soil depth 



 - 14 - 

Ammelsdorf gauging station were used. This station is located at the end of the 

catchment (Fig. 1). The daily discharge data contains occasionally identical output for 

four days while the precipitation values differ from day to day. Therefore the quality 

of the daily discharge is doubtful. Evaporation data is the last input to close up the 

water balance.  The evaporation data was supplied by the Deutscher Wetterdienst in 

Offenbach. Evaporation values between 0.3 mm and 4 mm per day were encountered. 

The data was gathered by mean values over 20 years using the relation of Haude and 

the modified penman relation.  

 

The soil map of WaTEM/SEDEM was applied as a relative erodibility (K) map in 

LAPSUS-D. In this case the land use map of WaTEM/SEDEM is used for the 

sedimentability (P). The K and P factors potency are adjustable. In addition the 

potency of the factors m (discharge) and n (slope) related to the transport capacity are 

variable. The influence of porosity, permeability, evaporation, initial storage and the 

factors K, P, m and n are set during the calibration of LAPSUS-D (Chapter 6.1).  



 - 15 - 

Figure 7 Scenario one 

depth 

Figure 8 Scenario two 

4. Riparian forest scenarios 
Land use influences the sediment yield as well as the capacity of the reservoir in the 

catchment. The land cover pattern determines to a large extent the sediment delivery 

ratio of a drainage basin (Van Rompaey et al., 2007). Land cover changes can reduce 

the sediment yield and flood risk. Land use change and afforestation are frequently 

seen as the most appropriate means of reducing erosion risk (Porto et al., 2009). To 

reduce the erosion and flood risks of the catchment two changes are being proposed. 

The changes include two different riparian forest zones to reduce the sediment yield. 

Given that buffer strips along the rivers reduce the sediment yield (Verstraeten et al., 

2002). In this case as buffer strips a full grown riparian forest zone will be used.  

4.1 Scenario one 

In case of the WaTEM/SEDEM model the parcel and land use map 

will be changed. This modification applies only at the location of the 

riparian forest zone. Therefore one row of cells at both sides of the 

rivers is adjusted. The areas with infrastructure or build up areas are 

not changed.  Also pasture fields remain untouched, because the effect 

of pasture is comparable to the effect of a forest zone regarding to the 

reduction of erosion and sedimentation. The parcel value of agriculture 

is changed to the parcel value for forest. The land use value alters from 

agriculture to the value of forest. In LAPSUS-D only the land use 

value is changed. 

 

4.2 Scenario two 

The second scenario is characterized by a riparian forest zone only at 

one side of the river. However in comparison with the riparian forest 

zone in the first scenario, it is twice as wide. Therefore two rows of 

cells at one side of the river need to be adjusted. The east side of the 

river is chosen to be modified because it contains more agricultural 

fields. This has  a possible larger effect on the sediment reduction. The 

areas with infrastructure, build up areas and pasture are not adjusted. 

The following input values were changed in the WaTEM/SEDEM 

model: parcel value and the land use value to forest. In LAPSUS-D no 

more than the land use value is changed.  

 

4.3 Riparian forest location  

Expected is that the location of the riparian forest zone determines the effectiveness of 

the reduction in sediment yield. For vegetation strips along rivers, the reduction in 

sediment yield was more important than for strips away from the river (Verstraeten et 

al., 2002). A riparian forest zone along the river reduces more sediment than a 

riparian strip further away from the river. Scenario one is expected to reduce the 

sediment yield better than scenario two because it has at both sides a riparian forest 

zone. The riparian forest zone scenarios will be compared with the original situation 

and among each other.  
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Table 6 WaTEM/SEDEM results of original situation 

Table 7 WaTEM/SEDEM results of scenario one 

Table 8 WaTEM/SEDEM results of scenario two  

 

5. Results WaTEM/SEDEM 
WaTEM/SEDEM produces a "Results" output dialog screen with the major results in 

metric tons (t) except for sediment ratio:  

¶ (TSP)Total sediment production: the sum of soil loss for the whole study area.  

¶ (TSD)Total sediment deposition: the sum of sediment deposition for the whole 

study area.  

¶  (TSE)Total sediment export or sediment yield.  

¶ (SDR) Sediment ratio: sediment yield divided by sediment production. 

¶ (TRE)Total river export: total amount of sediment leaving the study area through 

the river.  

5.1 Output original situation and scenarios 

The results are divided by the research area (6040 ha) which provides the results in 

tons per hectare.   

 

Output  Average year (r=0.07) 

(t ha
-1

 y
-1
) 

 

Wet year (r=0.089) 

(t ha
-1

 y
-1
) 

 

Dry year(r=0.056)  

(t ha
-1

 y
-1
) 

 

 
TSP 6.5  8.2  5.2  

TSD 5.2  6.6  4.1  

TSE 1.3  1.6  1.1  

SDR 0.2 0.2 0.2 

TRE 0.04  0.05  0.03  

Note :  r = 0.07 rainfall erosivity  with 849 mm of precipitation per year. 
                  r = 0.089 rainfall erosivity  with 1103 mm of precipitation per year. 

 r = 0.056 rainfall erosivity with 687 mm of precipitation per year. 

 

 

Note :  r = 0.07 rainfall erosivity  with 849 mm of precipitation per year. 

                  r = 0.089 rainfall erosivity  with 1103 mm of precipitation per year. 
 r = 0.056 rainfall erosivity with 687 mm of precipitation per year. 

 

 

Note :  r = 0.07 rainfall erosivity  with 849 mm of precipitation per year. 

                  r = 0.089 rainfall erosivity  with 1103 mm of precipitation per year. 

 r = 0.056 rainfall erosivity with 687 mm of precipitation per year. 

Output  Average year (r=0.07) 

(t ha
-1

 y
-1
) 

 

Wet year (r=0.089) 

(t ha
-1

 y
-1
) 

 

Dry year (r=0.056) 

(t ha
-1

 y
-1
) 

 TSP 6.1  7.7  4.9  

TSD 4.8  6.1  3.8  

TSE 1.3  1.6  1.1  

SDR 0.21 0.21 0.21 

TRE 0.3  0.4  0.3  

Output  Average year (r=0.07) 

(t ha
-1

 y
-1
) 

  

Wet year (r=0.089) 

(t ha
-1

 y
-1
) 

 

Dry year (r=0.056) 

(t ha
-1

 y
-1
) 

 TSP 6.1  7.7  4.8  

TSD 4.8  6.1  3.8  

TSE 1.3  1.6  1.0  

SDR 0.21 0.21 0.21 

TRE 0.3  0.4  0.2  
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Figure 10 WaTEM/SEDEM results of scenario one Figure 11 WaTEM/SEDEM results of scenario two Figure 9 WaTEM/SEDEM results of original situation   
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Figure 12 WaTEM/SEDEM original situation  

compared to scenario one   

Figure 13 WaTEM/SEDEM original situation  

compared to scenario two   

5.2 Evaluation of results WaTEM/SEDEM 

For the original situation the sediment production values range from 5.2 to 8.2 t ha
-1
 y

-

1
 (Table 6).  The sediment deposition values range from 4.1 to 6.6 t ha

-1
 y

-1
 (Table 6).  

In a wet year more erosion and deposition occurs than during a year with average 

precipitation. A dry year has less erosion and deposition. Differences in sediment ratio 

is not related to the precipitation. The change in land use resulted in a very small 

difference in sediment ratio (Table 6, 7 and 8). The ratio is comparable to the 

sediment ratio in the research; land cover changes in Czech Republic of Van 

Rompaey et al. (2007) where ratio values between 0.14 and 0.30 were estimated.  

 

The sediment yields are comparable to the research of Rompaey et al. (2007) where 

rates between 2.01 t ha
-1
 y

-1
 and 0.21 t ha

-1
 y

-1
 were observed. The sediment yield of 

the original situation is comparable to the proposed scenarios (Fig 9, 10 and 11). The 

yield is related to the SDR which is similar in every situation. However the total 

amount of sediment leaving the study area through the river is quite different for each 

scenario. In this case, the transport capacity determines the amount of sediment 

transported by the river to the reservoir. In scenario one and two the total river export 

is higher in comparison with the original situation. This can be explained by the fact 

that at some places in the drainage basin the sediment flux is transport capacity 

limited (Van Rompaey et al., 2003). Apparently the transport capacity is higher than 

in the original situation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are no differences visible between the scenarios (Fig. 12 and 13). The sediment 

production and deposition in scenario two is comparable to scenario one. There are no 

significant differences between the scenarios in sediment yield and sediment ratio 

values.  
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Table 9 LAPSUS parameter setting 

 

6. Results LAPSUS-D  
The results of LAPSUS-D are first related to the calculation of the water flow. The 

results of this calculation were calibrated with observed discharge values. The 

calibration facilitates to choose the best parameter values.   

6.1 Calibration of LAPSUS-D based on discharges  

Partial calibration for LAPSUS-D is possible when using the daily discharge values. 

Model calibration was done by comparing the real discharge with the modelled 

discharge for thousands of parameter sets, hereby varying the parameters 

permeability, porosity, initial storage level and evapotranspiration. The evaluation of 

the parameters occurs with the ratio (i), r correlation (ii)  and the model efficiency 

factor (iii) .  

 

Ratio  

Ratio resembles the accuracy of the estimated discharge regarding the real discharge. 

The summation of the modelled discharge is simply divided by the summation of the 

real discharge. A ratio of 1 resembles the best predicted value.  

 

R correlation 

The r correlation (r
2
) indicates the degree of variation between the modelled discharge 

and the real discharge. The following equation was used: 
22/12/12

)/( ä ää Ö= YobsYpredYr
mean

 

The possible r
2
 values are between 0 and 1. If the values are one, then the model 

prediction is perfect (Santhi et al., 2001).  

 

Model efficiency factor 

The MEF is the difference in variation between observed discharge and the real 

discharge.  It is calculated by the equation of Nash and Sutcliff (1970). 

)()(/)((1 ä ää ---=
meanobspredobs

YYYYMEF   

where Yobs is the observed discharge, Ypred the predicted discharge and Ymean the mean 

of the discharge averages. The MEF is being increasingly used to express the 

performance of a model (Morgan, 2005). Generally a MEF value greater than 0.5 is 

considered satisfactory (Quinton, 1997) and one should not expect values to exceed 

0.7 (Nearing, 1998).   

 

Calibration results 

For the year 2000, the real discharge and 

modelled discharge were comparable (Fig. 14). 

For 2000 a ratio of 1.1, r
2
 of 0.7 and a MEF of 

0.6 was achieved, these values are satisfactory. 

All LAPSUS parameters are between 0 and 2, 

only the porosity value is rather high (Table 9). 

The parameters setting during this calibration 

are also used in other calculations. 

 

Unfortunately calculating for other years resulted in relatively low calibration values. 

To verify the sensitivity of the precipitation also the relatively wet year 1995 and 

relatively dry year 1990 were used. The year 1995 (Fig. 15) has a ratio of 0.9, r
2
 of 0.4 

LAPSUS input Relative 

value 

Porosity 16 

Permeability in 0.3 

Permeability through 0.1 

Initial storage capacity 0.8 

Evaporation 2.0 
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Figure 16 Discharge LAPSUS-D  in  1990 

Figure 15 Discharge LAPSUS-D  in  1995 

and MEF of 0.1. The year 1990 (Fig. 16) has a ratio of 1.4, r
2
 of 0.5 and MEF of 0.1. 

Those calibration values are less satisfactory than the values of the year 2000.  

 

 
 

 

 
 

 

 
 

 

The first model runs only simulated the flow of water. The effect of land use was not 

apparent in the calculation. Land use got a greater impact by making porosity 

permeability in and through dependent on land use. Furthermore to maximize the 

influence of land use, the parameters m (discharge) and n (slope) are set to one. The m 

and n parameters are divided by 365 to calculate the water flow per day. 

Consequently this limits the influence of these parameters. In addition factor K 

(erodibility) has a potency value of 0.00007 and factor P (sedimentability) a value of 

0.0009. This parameter setting resulted to the most reliable results. The 

sedimentability (P), which is derived from the land use map has a stronger influence 

than erodibility (K). This might enhance the differences between the scenarios and the 

original situation. It increases the effect of the land use change on the sediment 

production and deposition.  

 

Figure 14 Discharge LAPSUS-D  in  2000 
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Table 10 Results of original situation with LAPSUS-D 

Table 11 Results of scenario one with LAPSUS-D 

Table 12 Results of scenario two with LAPSUS-D 

6.2 Output original situation and scenarios 

The results of LAPSUS-D depend on the daily values. The year 2000 which is an 

average rainfall year, seemed to present the most reliable results. Also the years 1995; 

a relatively wet year and 1990; a relatively dry year were modelled. This to compare 

possible differences in sedimentation due to precipitation. 

 

LAPSUS-D presents the results in soil volume per unit grid width. To convert to 

erosion or deposition rate in mass per area, sediment is divided by the grid size and 

multiplied by soil bulk density of 1350 kg/m
3
. The following results are given: 

¶ (TSP)Total sediment production: the sum of soil loss in tons of the total area per 

year.  

¶ (TSD)Total sediment deposition: the sum of sediment deposition in tons of the 

total area per year.  

¶ (TSE)Total sediment export or sediment yield per area per year.  

¶ (SDR) Sediment ratio: sediment production - sediment deposition divided by 

sediment production 

 

 

Output  Average year (2000)  

(t ha
-1

 y
-1
) 

 

Wet year (1995)   

(t ha
-1

 y
-1
) 

 

Dry year (1990)      

(t ha
-1

 y
-1
) 

 TSP 61.8  68.1  53.4  

TSD 43.9  49.6  36.1  

TSE 17.9  18.5  17.3  

SDR 0.29 0.27 0.32 

 

Output  Average year (2000)  

(t ha
-1

 y
-1
) 

 

Wet year (1995)   

(t ha
-1

 y
-1
) 

 

Dry year (1990)      

(t ha
-1

 y
-1
) 

 
TSP 63.1  69.5  54.6  

TSD 46.6  52.4  38.3  

TSE 16.5  17.1  16.3  

SDR 0.26 0.25 0.30 

 

Output  Average year (2000)  

(t ha
-1

 y
-1
) 

 

Wet year (1995)   

(t ha
-1

 y
-1
) 

 

Dry year (1990)      

(t ha
-1

 y
-1
) 

 TSP 63.2  69.6  54.6  

TSD 47.3  53.2  38.9  

TSE 15.9  16.4  15.7  

SDR 0.25 

288 

0.24 0.29 
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Figure 17 LAPSUS-D results of original situation  Figure 18 LAPSUS-D results of scenario one  Figure 19 LAPSUS-D results of scenario two  
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Figure 20 LAPSUS-D  original situation  

compared to scenario one   

Figure 21 LAPSUS-D  original situation  

compared to scenario two   

6.3 Evaluation of results LAPSUS-D 

Due to the parameterization problems, the erosion and sedimentation values are 

extremely high. For the original situation the sediment production values range from 

53.4 to 68.1 t ha
-1
 y

-1
 (Table 10).  The sediment deposition values range from 36.1 to 

49.6 t ha
-1
 y

-1
 (Table 10).  The total sediment production, deposition and sediment 

yield of the original situation is comparable to the proposed scenarios (Fig. 17, 18 and 

19). Changes of precipitation between years and land use cause small differences in 

sediment ratio. The ratio is comparable to the sediment ratio in the research; land 

cover changes in Czech Republic of Van Rompaey et al. (2007) where ratio values 

between 0.14 and 0.30 were observed. 

 

The sediment yield and ratio of scenario one and scenario two is better than the 

original situation (Table 10, 11 and 12). More sediment is produced and deposed in 

the scenarios. This is a result of land use change to riparian forest zones. Possible is 

that sediment transport and discharge rates are changed. Claessens et al., (2009) 

explains that changes in sediment transport rates and or discharge are caused by 

changes in land surface characteristics.  

 

 

 

 

There is a slight difference between scenario one and two (Fig. 20 and 21). This is 

related to the position of the riparian forest zone in the catchment which influences 

the available soil water. In case of available soil water it is important to know the 

interplay of soil depth, storage, infiltration and run on and runoff, slope and their 

specific position in the landscape (Schoorl et al., 2002).  Land use changes in this 

model affect the porosity and permeability. The infiltration rate and the available 

water storage are connected to this. Lower porosity and permeability values results to 

less infiltration and lowers the water storage. Therefore more water will be 

transported down slope resulting in increasing sediment production and deposition. 
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7. Discussion  
The main purpose of this research was to compare two sediment delivery models; the 

empirical Watem/SEDEM model and the conceptual LAPSUS-D model. These 

models were evaluated on their approach (i), input parameters and uncertainty (ii) , 

time step (ii i), efficiency and sensitivity (iv). Secondly, two possible land-use 

scenarios were evaluated on their effectiveness to reduce the sediment yield of the 

upper catchment of the Wilde Weisseritz in SW Germany. 

 

Approach differences 

Some of the differences in results can be related to the effect of the water balance 

approach versus the RUSLE approach. The approaches of the models are clearly 

different. In the output of WaTEM/SEDEM an apparent effect of the land use 

agriculture on erosion and sedimentation distribution is noticeable (Fig. 9, 10, 11). 

The maps of LAPSUS-D illustrate the distribution along the flow of the river (Fig. 17, 

18, 19). Apparently the link between vegetation and erosion and sedimentation is 

rather weak in LAPSUS-D.  However, there is a link between vegetation and soil 

processes in LAPSUS-D while, there is no relation in WaTEM/SEDEM between 

vegetation and soil characteristics. Current model studies about the impact of land use 

change on water resources, often simulate changes in land use without considering 

changes in the soil properties due to the change in land use (Huisman et al., 2004). 

However, there is a link between vegetation and the processes in the soil, like 

infiltration. The factors determining runoff and erosion are a consequence of complex 

interactions of vegetation and soil characteristics (Thurow et al., 1986). Infiltration is 

related to vegetation and soil characteristics. Low infiltration results in high erosion 

risk due to increased runoff. Therefore it is important to link vegetation and soil 

processes to determine the erosion risk.  

 

LAPSUS-D includes this interaction between vegetation and soil by linking land use 

with porosity and permeability.  However, this connection of multiplying land use 

with permeability and porosity was incorrectly applied in this research. It resulted for 

forest land use in a lower permeability and porosity compared to agriculture while, 

these values should be higher. The relationship between the parameters and the 

processes in the LAPSUS-D model needs to be adjusted. At present porosity and the 

parameters m (discharge) and n (slope) have slight influence. Adjustments in the 

parameters m and n did not influence the erosion and sedimentation. It is felt that 

especially the influence of porosity, land use and m and n needs to be stronger. 

Currently the value of porosity is quite high which indicates that this value only has 

an impact when the relative value is high. This value seems unrealistic compared to 

the other relative values of the parameter settings. Furthermore, the influence of land 

use did not appear in the output figures of LAPSUS-D. There influence related to 

erosion and sedimentation in this model should be further developed.  

 

Input parameters and uncertainty  

The estimated erosion and sedimentation values are very variable as a result of 

uncertainties in the input parameters. In general, the complex interactions on 

catchment scale are not totally understood.  Well-understood catchments like Coon 

Creek in the USA (Trimble, 1999, 2009) show that the sediment yield from a 

catchment does not always reflect the processes within the catchment due to 

complexity. This is especially true for studies done on meso-scale catchments like the 








