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Abstract

Deumlich D., Jha A., Kirchner G. (2017): Comparing measurements, 7Be radiotracer technique and process-based erosion 
model for estimating short-term soil loss from cultivated land in Northern Germany. Soil & Water Res., 12: 177−186.

Due to changing climate and irregular weather patterns, event-based soil loss and sediment yield have become 
important issues in the agricultural areas. Several mathematical models and prediction methodologies have been 
used to estimate event-based soil loss and soil redistribution based on soil types, land management, hydrology and 
local topography. The use of short-lived beryllium-7 as a means of estimating event-based soil erosion/deposition 
rates has become an alternative to the traditional soil loss measurement methods. A new erosion model taking 
into account the movement of 7Be in soils has been presented recently. In order to direct the attention to the po-
tential offered by this technique (measurements and mathematical model), a two-year study was performed at the 
erosion plots in Müncheberg, Germany, and twelve individual erosion rates were estimated. This paper presents 
a systematic comparison of the non-steady state 7Be model with the process-based erosion model EROSION-3D 
and measured data. The results demonstrate a close consistency between the erosion rates estimated by erosion 
models and the estimates provided by the 7Be model and can therefore be seen as a promising contribution to 
validating the use of this radionuclide to document short-term soil redistribution within the plot and deposited 
sediment at the bottom of the plot. 
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Accelerated soil erosion has troubled mankind 
ever since agriculture has been practiced and the 
literature lists its numerous gloomy and catastrophic 
effects. Total land area worldwide affected by water 
erosion is 1094 million ha, of which 749 million ha 
are severely affected, and that under wind erosion is 
548 million ha, of which 280 million ha are severely 
affected (Oldeman 1994).

Soil erosion by water as investigated and discussed 
here is a complex time-variant process. It is a three-
phase process with the detachment of individual 
particles from soil mass as the first phase followed 
by their transport by erosive agents such as water 
as the second phase. When sufficient energy is not 
available, the third phase of particle deposition occurs 

(Hjulström 1935; Young & Onstad 1976). Tillage 
plays an important role of translocation, which leads 
to the transport of soil downslope (Govers et al. 
1996; Sommer et al. 2008). During the early stages 
of a heavy rainfall event, processes that occur in the 
field include surface and splash erosion. As the event 
proceeds, the flow frequently becomes concentrated, 
and rills are developed. Sediment that is detached 
from the interrill areas moves laterally to the rills 
in the thin interrill sheet flow (Meyer et al. 1975). 
Direct splash to the rills or downslope is not a major 
mode of transport (Malam Issa et al. 2006). 

The fallout radionuclide 137Cs is used widely for 
obtaining quantitative information on soil erosion 
and sediment redistribution rates within agricultural 
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landscapes, over several spatial and temporal scales, 
and it is frequently seen to represent a valuable com-
plement to conventional soil erosion measurement 
techniques (Ritchie & Ritchie 2007; Walling 
& Bradley 1988; Walling & Woodward 1992; 
Wallbrink & Murray 1993; Walling & Quine 
1995; Walling et al. 1999; Zapata 2002, 2003, 2007; 
Matisoff et al. 2002; Schuller et al. 2004; Porto 
& Walling 2014). However, measurements of this 
radionuclide provide estimates of medium-term (i.e. 
40–50 years) soil erosion rates. The shorter-term 
perspective provided by the 7Be method has the po-
tential to estimate soil erosion rates associated with 
individual events or short periods. The 7Be method 
has become increasingly relevant in an environment 
impacted by climate change, changing land use and 
other human activities.

Beryllium-7 is a short-lived cosmogenic radionu-
clide, produced in the upper atmosphere by spallation, 
which is deposited on the earth’s surface by wet and 
dry fallout (Olsen et al. 1985; Rosner et al. 1996; 
Rodenas et al. 1997). Its half-life is 53.22 ± 0.06 days 
(Tilley et al. 2002) and it is easily detected by gamma 
spectrometry using its 477.6 keV photopeak.

Field and laboratory experiments performed since 
the early 1990s indicate that 7Be in bare soils as well 
as in soils covered with vegetation often shows an 
approximately exponential decrease with depth, with 
most of the activity found within the upper few mil-
limetres of the soil surface (Walling & Woodward 
1992; Wallbrink & Murray 1996; Walling et al. 
1999; Schuller et al. 2006, 2008). An exponential 
decline of 7Be with depth indicates equilibrium between 
deposition and decay. Assuming exponential depth 
profiles, the 7Be technique was applied for estimating 
soil erosion and deposition processes associated with 
individual periods of heavy rain at scales ranging from 

plots of a few square meters to fields of a few hectares 
(Blake et al. 1999; Walling et al. 1999; Wilson et al. 
2003; Schuller et al. 2006, 2008; Porto & Walling 
2014). An approach to estimating erosion/deposition 
rates if 7Be inventories are not in equilibrium (e.g. 
after ploughing or multiple erosion events within a 
few weeks) has been developed recently (Jha et al. 
2015) and applied successfully.

The aim of this paper is to compare the perfor-
mance of the non-steady state transport model of 
7Be presented in our previous paper (Jha et al. 2015) 
with a process based erosion model, EROSION-3D. 

MATERIAL AND METHODS

Study site. The experimental field (Figure 1) is 
situated at Müncheberg, Germany (52.6°N, 14.3°E). 
The measurement plot is conventionally ploughed 
up to a depth of 25 cm in June and October. Sor-
ghum (Sorghum sudanense) is grown during summer 
months followed by winter rye (Secale cereale) every 
year. Eroded soil and runoff were concentrated and 
collected in a sampler system (Figure 1). Rainfall 
data were obtained from an automatic weather sta-
tion to characterise the storm events based on the 
R-factor of USLE (Wischmeier & Smith 1978, DIN 
19708: 2005). The texture is light silty sand (German 
classification: Su2 with 3% clay, 16% silt, 81% sand; 
AG Boden 2005), Corg is by 6 g/kg soil (1.03% humus 
content), bulk density 1450–1600 kg/m³.

Soil sampling at the field plots. A systematic and 
non-stratified sampling design using a transect was 
chosen for this study. This transect has five measure-
ment points to consider different erosion positions 
from the upper to the lower plot part (Figures 1 and 3). 
In addition, three reference sites were chosen close 
to the study site on flat and grassed terrain (Figure 3) 

Figure 1. The experimental plots at Müncheberg research station
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with no visible evidence for erosion or sedimenta-
tion. These were used to derive site-specific data 
on the undisturbed 7Be inventory and depth profile.

If the study field was covered with vegetation, 
plants were taken together with the soil samples 
and ashed with the soil to acquire total 7Be inven-
tory at a measurement point. For establishing total 
inventories of 7Be at the reference and study points 
soil samples were taken with a gauge and a scraper 
plate of 15 cm in length, 20 cm in width and 2 cm 
in depth. A detailed description of the sampling 
technique is given in Jha et al. (2015).

7Be and other measurements. During the study pe-
riod, 12 short-term erosion events were identified at the 
tilled plot (Table 1). For the April event (03. 04. 2010), 
soil redistribution within the study plot was observed, 
but no soil was collected at the barrier. Soil samples were 
always taken after heavy rainfall events. Concentrations 
of 7Be were measured immediately after sampling by 
gamma-spectrometry (Jha et al. 2015). 

In Table 1, the canopy cover of 100% was measured 
if the plants at the plot (sorghum plants) attained a 
height of 1.5 m. Rainfall intensities (I30) and rainfall 
erosivities (EI30) were sufficient for triggering water 
erosion (Bergsma 2000; Toy et al. 2002). These pa-
rameters were calculated with the help of algorithms 
given in USLE or DIN19708 (2005). 

Modelling

Water erosion. The erosion simulation of single events 
and calibration were carried out using the physically 
based model EROSION-3D (Schmidt 1991, 1996; 
Schmidt et al. 1996; von Werner 1995, 2014). The 
application of EROSION-3D requires raster-based 
information on relief, soil and rainfall conditions. Most 
of these variables are commonly accessible, the model-
specific parameters were taken from catalogues or set 
for best fit with measurements: skin factor, surface 
roughness and resistance to erosion.

Erosion-3D predicts the spatial and temporal distribu-
tion of erosion and deposition as well as the quantity and 
textural composition of the transported sediment for 
each raster cell. Some theoretical concepts are presented 
in Schindewolf and Schmidt (2012). Standard input 
parameters based on different soil types and cultivation 
techniques are documented in the parameter catalogue 
(Michael et al. 1996). Laserscan-DEM2 (LGB 2016) 
model is used as a basis for terrain simulation.

Measured runoff and erosion rates are first com-
pared with the calculated results using the standard 
values from the parameter catalogue (Michael et 
al. 1996). The parameters were then adjusted by 
fitting modelled soil loss to the measurements by 
taking into account the published data as follows: 

Table 1. Characteristics of the rainfall and canopy cover for examined erosion events

Erosion  
event

Date 
(DD-MM-YYYY)

Canopy 
cover (%)

Rainfall erosivity 
(EI30, N/h)1

Rainfall intensity 
(I30, mm/h)2

Rainfall depth  
(P, mm)

Sum of rainfall depth 
between events (P, mm)

2010
Apr 03-04-2010 10 1 5   7.9
May 26-05-2010 1003 22 28 32.3 96.6
Jul-1 20-07-2010 30 37 28 59.1 95.6
Jul-2 27-07-2010 50 38 37 52.7 52.7
Aug-1 11-08-2010 100 5 17 15.1 66.7
Aug-2 20-08-2010 100 51 45 50.9 114.7
2011
June 27-06-2011 5 7 22 12.6
July 18-07-2011 50 15 29 24.2 75.9
Aug-1 02-08-2011 100 20 12 103.0 152.6
Aug-2 23-08-2011 100 8 22 15.1 17.9
Sep-1 02-09-2011 100 1 7 11.7 30.5
Sep-2 16-09-2011 100 55 59 36.1 67.2
Min 5 1 5   7.9 17.9
Max 100 55 59 103.0 152.6
1EI30 = ∑(Ei) × I30 (N/h); Ei = (11.89 + 8.73 log Ii) × Ni (J/m²) for Ii ≥ 0.05 mm/h; Ei = 0 J/m² for Ii < 0.05 mm/h; Ei = 28.33 Ni J/m² 
for Ii > 76.2 mm/h; 2maximal rainfall depth in 30 min; 3winter catch crop – winter rye
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– Surface runoff: calibration of modelled runoff for 
changing values of skin factors. Skin factors were 
set so that modelled and measured values of the 
surface runoff coincided.

– Soil loss: roughness coefficient (s/m1/3) and erod-
ibility resistance (N/m2) are rearranged respectively.

– For each rainfall event erosion/deposition rates 
estimated by EROSION-3D were compared with 
the 7Be measurements at the 5 sampling points.
Using the parameters given in Table 2, erosion 

simulations were carried out for 11 rainfall events 
as given in Table 1. 

7Be model. As depth distributions of 7Be in soils 
indicate, its convective transport can be neglected. 
Thus, a 1-D diffusion-sorption model is used for 
simulating its mobility in soils ( Jha et al. 2015), 
which can be written as

	 (1)

where:
C(z, t)	– concentration of 7Be in soil at depth z (m) and 

time t (s) (Bq/m3)
D	 – effective diffusion coefficient (m2/s)
λ	 – radioactive decay constant (1/s) 

In case of multiple erosion events and when the 
study plot was ploughed, arbitrary 7Be concentrations 

∂C(z, t) = −D × ∂2C(z, t) − λ × C(z, t)
   ∂t                      ∂z2

Table 2. Estimated parameters for EROSION-3D model

Erosion event Skin factor1 Roughness1 (s/m1/3) Erodibility resistance1 (N/m2)
2010
Apr
May 0.200 0.020 0.00070
Jul-1 0.070 0.013 0.00180
Jul-2 0.050 0.013 0.00100
Aug-1 0.025 0.400 0.00020
Aug-2 0.050 0.400 0.00012
2011
June 0.020 0.013 0.00100
July 0.001 0.013 0.00030
Aug-1 0.015 0.013 0.00030
Aug-2 0.030 0.013 0.00010
Sep-1 0.130 0.013 0.00030
Sep-2 0.007 0.025 0.00050
Min. 0.001 0.013 0.00010
Max. 0.200 0.400 0.00180

Standard min.2 
Standard max.

0.03
10

0.007
0.4

0.00007
0.009

1Tables 5 and 6 inform about the calibration process to obtain these parameters; 2standard min., max. in the parameter catalogue

left in soil after each event, analytical solutions of 
Eq. (1) may be difficult to obtain. Thus, a numerical 
solution of Eq. (1) has been developed (Jha et al. 
2015). It is based on a finite difference approximation 
using the Crank-Nicholson scheme. Simulations of 
7Be build-up and relocation in soil are performed 
until the time of the first erosion event, t1, at which 
the total inventory of 7Be, A1

num, is calculated. The 
erosion rate, Δz1, is given by the soil depth before 
erosion where

.	  (2)

where:
A1

exp	– inventory of 7Be just after the erosion event, 
which was determined by soil sampling and 
analysis

RESULTS AND DISCUSSION

Estimation of erosion and deposition rates us-
ing the 7Be model. For all erosion events (Table 1), 
the 7Be technique has been used to estimate soil 
erosion and deposition rates at the study plot and 
to compare these with the soil masses collected. 
Simulations took into account that the 7Be profiles 
were disturbed by ploughing. 

1
exp

1 1( , )
z

numC z t dz A





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Table 3 summarises the simulated soil redistribution 
rates along the slope. These were used to predict soil 
accumulation. Results are given together with the soil 
measured in the sampler system after each erosion 
event. As discussed by Jha et al. (2015), no system-
atic bias was seen indicating that our methodology 
is applicable for non-steady state 7Be inventories, 
which are common in case of multiple erosion events. 
The presence of rill erosion and high canopy cover 
reduces the 7Be in soil. This results in high meas-
urement uncertainties of 7Be inventories which are 
reflected by the erosion rate estimates in Table 3. 

The soil erosion and deposition rate estimates along 
the slope at the tilled plot show the complex redis-
tribution pattern of soil within the study area. This 
highlights a major advantage of the 7Be technique 
over soil sampling at the field bottom: If 7Be is meas-
ured shortly after erosion events at points of interest 
within an assessment area, detailed information on 
soil redistribution within the area can be gained with 
spatial resolution as high as needed. 

EROSION-3D modelling results and comparison 
with 7Be modelling. After calibration as discussed in 
section water erosion, surface runoff, erosion rates 

Table 3. Measured soil redistribution at the tilled plot and estimated by the 7Be method (Jha et al. 2015)

Erosion 
event

Erosion (–)/deposition(+) rates at the measurement points along the slope (kg/m2) Soil on the barrier (kg)
5 m 20 m 35 m 50 m 53 m collected estimated

2010
Apr < 0.03 < – 0.006 + 1.5 ± 0.6 – 0.7 ± 0.6 < 0.02 – 3 ± 3
May + 0.5± 0.5 + 0.5 ± 0.5 – 0.6 ± 0.5 + 1.0 ± 0.6 + 1.0 ± 0.6 4 0 ± 7
Jul-1 < 0.07 < 0.03 – 1.0 ± 0.5 – 1.0 ± 0.7 < – 0.07 20 22 ± 10
Jul-2 – 0.1 ± 0.5 < – 0.001 + 0.3 ± 0.5 + 0.3 ± 1 < – 0.003 24 28 ± 36
Aug-1 < – 0.05 – 0.1 ± 0.5 + 0.8 ± 0.7 + 1.8 ± 0.5 – 0.8 ± 0.9 4 16 ± 27
Aug-2 – 0.3 ± 0.5 – 0.6 ± 0.9 – 1.1 ± 0.5 – 1.5 ± 0.5 + 0.4 ± 0.6 145 124 ± 39
2011
June – 0.2 ± 0.9 – 0.2 ± 1.0 < – 0.09 – 0.4 ± 0.5 – 0.2 ± 0.6 16 15 ± 26
July + 0.6 ± 0.5 + 0.7 ± 0.5 +0.2 ± 0.3 +1.3 ± 0.8 – 0.4 ± 0.9 170 16 ± 18
Aug-1 – 1.3 ± 0.8 – 1.6 ± 0.9 – 2.6 ± 0.4 – 0.9 ± 0.9 + 0.9 ± 0.7 25 9 ± 4
Aug-2 – 0.3 ± 0.5 – 0.5 ± 1.2 < 0.06 – 1.2 ± 1.1 – 0.7 ± 0.5 4 42 ± 27
Sep-1 – 0.2 ± 0.5 < – 0.07 – 0.3 ± 0.8 + 1.3 ± 0.8 + 0.7 ± 0.3 13 0 ± 16
Sep-2 – 0.4 ± 1.1 – 0.1 ± 0.8 rill rill – 2.4 ± 0.8 161 171 ± 61

Figure 2. Erosion rates estimated by the 7Be model (grey bars with uncertainties) and EROSION 3D model (right bars) 
for Aug-2/2010 (top graph) and Sep-2/2011 (bottom graph) events
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and net masses of soil were estimated with the help 
of EROSION-3D. 

The skin factors were event-wise adjusted as the 
infiltration conditions became very dynamic (Tables 2 
and 5). Due to the large siltation and soil-crusting 
affinity of the silty sand, estimates of the skin factors 
were between 0.001 and 0.2. For the larger events the 
smallest values were applied (Table 2). Soil erodibility 
was greatest during these events (rills and sealed/
crusted soil surface). The erodibility values for all 
events are between 0.0001 and 0.0018, which cor-
responds to the data range listed in the parameter 
catalogue (Table 2). The September-2-2011 event 
with a four-times higher erosivity value shows the 
effect of the nearly 100% soil cover compared to 
the July 2011 event with a similar soil loss (Table 1, 
3 and 4). Figure 2 shows the erosion rates estimated 
for two events. The deposition rate estimated for the 
August-2 event (Figure 2 top) at 53 m reflects the 
“residue” sedimentation caused by the proximity of 
this sampling point to the sampler system. 

The parameter values given in Table 2 were adjusted 
until the best fit between modelled and measured soil 
was obtained. Therefore during all 11 events a very 
good agreement between modelled and measured 
soil can be seen (Table 4). 

Table 3 shows that during the August-2-2010 event 
heavy erosion occurred when a sheet of soil was de-
posited between the measurement point at 53 m and 
the sampler system. A soil layer of 15 cm in thickness 
was collected after this event. EROSION-3D results 
in Table 4 show a high erosion rate instead of depo-

sition at 53 m. This is because the model does not 
take into consideration the presence of the sampler 
system. In this case due to the combination of meas-
urement and modelling, the 7Be method provides a 
better result. The depositions caused by the barrier 
effect of the installed measuring equipment can be 
detected by the 7Be method.

As represented in Table 1, during the Sept-2 event 
in 2011, a full canopy cover was developed. Despite 
this heavy vegetation cover, during this event 161 kg 
of soil were collected. For events with higher rain 
intensities the interception of plants decreases and 
the share of throughfall increases (von Hoyningen-
Huene 1983; Toy et al. 2002). This combined with 
water falling from the leaves creates high runoff 
velocities which lead to surface, rill and interrill 
erosion (Toy et al. 2002). During this event rills 
were observed mainly at 35–50 m (Jha et al. 2015). 
The 7Be and EROSION-3D models both estimate 
very high erosion rates during this event (Table 3). 
Figure 3 depicts the spatial distribution of the sedi-
ment budget for the Sept-2 event in which 161 kg 
soil loss was measured. Dark orange colours here 
denote the high erosion rates for this event. The 
soil loss modelled by EROSION-3D given in Table 4 
fits well with the estimate of the 7Be methodology 
(Table 3). Compared to the adjacent slope areas, less 
soil erosion (light orange) is the result of the reduced 
slope length shortened by this barrier, which causes 
a lower transport capacity of the flowing suspension. 
A similar soil loss to the neighbouring areas (in dark 
red) is achieved only on the lower slope, after about 

Table 4. Modelled and measured soil erosion at the conventional tilled plot by EROSION-3D

Erosion  
event

Erosion rates at the measurement points along the slope (kg/m2) Soil on the barrier (kg)
5 m 20 m 35 m 50 m 53 m collected modelled

2010
May 0.003 0.013 0.017 0.014 0.016 4.0 3.7
Jul-1 0.026 0.071 0.090 0.070 0.076 20.0 19.5
Jul-2 0.033 0.088 0.113 0.090 0.100 24.0 25.0
Aug-1 0.000 0.016 0.023 0.017 0.013 4.0 4.3
Aug-2 0.155 0.405 0.522 0.420 0.483 145.0 116.0
2011
June 0.032 0.078 0.098 0.077 0.056 16.0 16.0
July 0.298 0.795 1.025 0.821 0.943 170.0 158.0
Aug-1 0.014 0.068 0.089 0.069 0.082 25.0 67.0
Aug-2 0.003 0.011 0.015 0.012 0.014 4.0 3.2
Sep-1 0.017 0.048 0.061 0.049 0.057 13.3 13.5
Sep-2 0.208 0.545 0.715 0.576 0.677 161.0 158.0
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60 m of the slope length. Since the plots are situated 
on a straight slope, no sedimentation/accumulation/
colluviation take place. This is not in contradiction 
with the above-mentioned fact that sedimentation 
is caused by the barrier at the bottom plot. 

EROSION-3D has been developed mainly for the 
agricultural advisory services, which involves under-
standing and integrating the main processes leading 

to water erosion. Thus EROSION-3D has provided a 
variety of protective measures. If no measurements 
of soil erosion and surface runoff exist, generic pa-
rameter values are used. Table 5 shows calibrated 
input data for the purpose of reproducing measured 
runoff and soil erosion values. As an example, the 
default skin parameter is set to 1. Sealing, crusting 
and soil compaction reduce the infiltration of rain-

Table 5. Runoff calibration for the soil (Su2), examples for 4 events

Erosion 
event

Bulk density
(kg/m3)

Corg 
(%) SKIN factor Initial moisture  

(%)

Surface runoff
measured modelled

modelled to measured
(l)

2010

Jul-1
1 600 0.6 0.1 25 4 030 2 370 0.6
1 600 0.6 0.02 25 4 030 8 020 2.0
1 600 0.6 0.07 25 4 030 4 040 1.0

Jul-2 1 600 0.6 0.07 25 2 580 1 580 0.6
1 600 0.6 0.05 25 2 580 2 320 0.9

Aug-1
1 600 0.6 0.07 25 1 360 69 0.1
1 600 0.6 0.05 25 1 360 330 0.2
1 600 0.6 0.025 25 1 360 1 280 0.9

2011

Sep-2
1 600 0.6 0.07 25 7 760 8 150 1.1
1 600 0.6 0.13 25 7 760 4 350 0.6
1 600 0.6 0.007 25 7 760 7 320 0.9

In italics – used values in modelling

Figure 3. Result of EROSION-3D for Sep-2/2011: erosion (–) – deposition (+) on the plots (conventional management 
on the whole area) and sampling design for 7Be measurements (white points and RF – reference sites)
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water into the soil and thus the parameter values 
must be set < 0. Similarly, roughness, erodibility and 
crop cover were adjusted as illustrated in Table 6 for 
the July-1 event.

From Tables 3 and 4 it can be concluded that there 
generally exists a good agreement between the two 
erosion estimation techniques. The EROSION-3D 
model considers more dynamic factors such as veg-
etation cover and soil roughness, thereby model-
ling an accurate soil loss for all events. In our study 
EROSION-3D had to be calibrated by adjusting its 
various parameters to the soil observed – a procedure 
presently inevitable due to its limited parameter data 
base which had been mainly derived from irriga-
tion experiments (Michael et al. 1996). However, 
our results offer the potential of using 7Be derived 
erosion rates for improving this data base. In con-
trast to installing barriers at the slope bottom, this 
approach will allow to include also within-plot soil 
relocation rates.

CONCLUSIONS

The results presented in this paper show that both 
the 7Be technique and after calibration EROSION-3D 
give consistent estimates of eroded soil masses at 
our study plot and contribute to our understanding 
of the dynamics and processes of soil erosion by 
water. From the quantitative analysis provided here 
the following conclusions can be made:
– The EROSION-3D model estimates erosion rates 

within the study plot. For this purpose measured 
soil data within the study plot is not either docu-
mented or used. Instead, the erosion rates were 
estimated with the use of physically based equa-
tions for the texture-specific transport capacity.

– Process-based modelling combined with the 7Be 
technique and actual soil measurements can be 

highly recommended for improving event-based 
erosion modelling.

– The plot internal erosion and deposition rates 
estimated by our 7Be-methodology assist in un-
derstanding soil relocation processes at our study 
site and in quantifying them. 

– Additional erosion studies are needed to fully 
explore the potentials of both the 7Be techniques 
and process-based models such as EROSION-3D 
for erosion assessments. 

– Modern techniques such as laser scan measure-
ments should offer the potential to get observa-
tional data on soil dislocation by erosional events 
(Schneider et al. 2013, Deumlich et al. 2014), 
which may be welcome for further validating the 
7Be technique and EROSION-3D simulations.
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