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Abbreviations
a
asl
D
DEM
GIS
T

year (anno)
above sea level
rainfall duration
digital elevation model
geographic information system
repetition intervall

Grain-size-classes (SCHEFFER & SCHACHTSCHABEL, 2002):
G
gravel (2 mm – 63 mm)
gG
coarse gravel (20 mm – 63 mm)
mG
middle gravel (6.3 mm – 20 mm)
fG
fine gravel (2 mm – 6.3 mm)
S
sand (0.063 mm - 2 mm)
gS
coars sand (0.63 mm – 2 mm)
mS
middle sand (0.2 mm – 0.63 mm)
fS
fine sand (0.063 mm – 0.2 mm)
U
silt (2 µm - 63 µm)
gU
coars silt (20 µm – 63 µm)
mU
middle silt (6.3 µm – 20 µm)
fU
fine silt (2 µm – 6.3 µm)
T
clay (< 2 µm)
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1

Abstract

In the past, erosion modelling has concentrated on the evaluation of on-site effects as soil loss from
crop land, as well as off-site effects resulting from soil deposition and soil transport into surface water
bodies. Flooding and sedimentation can cause significant damages especially if the eroded soil is
deposited in residential areas and covers streets, parking areas, gardens etc. A tool to evaluate
deposition patterns would be useful in the planning process of new settlements or industrial areas or
could be applied for surveys after damage has occurred. In this study the damages in a settlement
caused by sedimentation during a flash flood are surveyed and compared to model predictions. The
Erosion 3D model is chosen, which is based on a physical description of erosion and deposition
processes. Besides, it is able to model single storm events. The special challenge of this study is the
small scale of the elements inside residential areas. Erosion 3D requires a digital elevation model
(DEM) as input. Generally available DEMs do not represent objects like houses, streets, small ditches
etc. in the landscape. A geographic information system (GIS) is used to calculate a DEM from the
contour lines of a topographic map. As raster size 1x1m is chosen. In addition airborne photos are used
to create a polygon shape file with land use units. These units can be applied to modify the DEM with
the relative height of the objects. As shown, the modifications of the DEM have a significant effect on
the surface runoff and deposition patterns. The method developed in this study is easy to apply and
yields adequate results in order to evaluate deposition patterns in small scaled residential areas.

4

2 Introduction________________________________________________________________

2

Introduction

2.1 Motivation
In spring 2004 several heavy rainstorms caused inundation in the Saxon village
Oberlungwitz. A settlement that is located down slope agricultural area was flooded by
runoff drained from the adjacent field. The mud transported with the runoff was deposited
inside the settlement and covered streets and gardens; it filled up little garden-ponds and
entered the cellars. The damages of the inundation events were severe for the residents, but
also the municipality was charged with the cleaning up costs for the streets and discharge
pipes. It would be very helpful for the residents as well as the farming cooperation of the
concerned field and the decision makers of municipalities and state offices if the dynamics of
such muddy floods could be investigated to identify risk areas and to evaluate prevention
measures. An appropriate method of investigation should be able to predict the sediment
patterns inside the settlement as well as to identify the sources of the sediment material. This
study will attempt to mathematically model the sedimentation patterns that occurred during
the inundation inside the settlement of Oberlungwitz.

2.2 Background
2.2.1 Risks and damages of muddy floods
Soil erosion represents a hazard with different environmental impacts. On the one hand the
soil is degraded at those places where the erosion occurs. On the other hand damages take
place where the eroded material is deposited. The detached soil particles are transported
down slope and either reach the next receiving water body or they are deposited before on
other surfaces. AKSOY & KAVVAS (2005) estimate that only one fourth of the eroded
material inside a watershed reaches the receiving body while the remaining is deposited on
the way. Of course, the absolute numbers might differ depending on the shape and
properties of the water catchments, but the surface depositions of sediments are one aspect
of soil erosion that has to be considered and has hardly been so far (BOARDMAN, 2006).
These surface depositions become a major problem when they occur in settling areas and
cover streets, parks, private properties, industrial areas etc. Such muddy floods have been
reported for many locations in Europe. Beside of the psychological strain for the affected
residents the costs of such inundation events are a burden that has to be considered. The
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impacts of sediment depositions on roads in southern France were studied by MORSCHEL
et al. (2004). They estimate the cleanup costs to be about 6.1 €/m³. BOARDMAN et al. (1994)
report the flooding of properties with sediment loaded runoff in different areas in Belgium,
the UK, northern France and the Netherlands. The charges to repair the damages of such
flooding events are considerable and go on the account of owners, municipalities and
insurance companies. PRETTY et al. (2000) estimate the annual costs of erosion off-site effects
in the UK to be 14 million ₤. Some single municipalities in the UK were charged in the last
years with costs due to muddy floods between 50,000 and 420,000 ₤ (BOARDMAN et al.,
2003).

Especially vulnerable to the impact of muddy floods are settling areas in proximity to
intensively cultivated arable land in hilly regions. This is also true for many areas in the
German state of Saxony. The widespread silty soils in a hilly landscape are extremely
susceptible to water erosion. According to the agricultural report 2008 by the Saxon Ministry
for the Environment and Agriculture (SMUL, 2009) more than half of the arable land in
Saxony is probably endangered by water erosion. At the same time Saxony, as most regions
in Europe, is a very densely populated state. And the settled area has still been growing at an
accelerating rate during the past years (Environmental report - SMUL, 2007). The result is
that there are a lot of settlements down slope erosion risk areas which will possibly suffer
inundations with sediment deposits, as for example the above reported case in
Oberlungwitz.

2.2.2 Accentuation of the problem due to climate changes
The storm events that caused the inundations in Oberlungwitz are locally limited
phenomena that deliver high amounts of precipitation in relatively short time. Due to
climatic changes these intense storm events are very likely to occur more often. MICHAEL et
al. (2005) investigated that effect for the climate station of Chemnitz which is at the same
time the closest one to the village Oberlungwitz. While the mean cumulative precipitation in
summer is expected to stay almost stable, the number of events will decrease. This will result
in growing precipitation intensities during summer stormy rains and the risk of soil erosion
on agricultural land will increase. Also the Saxon State Office for the Environment,
Agriculture and Geology expects an increase of intense rains during the summer months
which will also raise the erosion risk in agricultural areas (report of climate change and
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agriculture - LfULG, 2009). Among several impacts the LfULG lists the soiling of traffic
ways, residential areas and ditches.

2.2.3 Previous attempts and challenges in modelling sediment depositions
Mathematic modelling has become an important tool for better understanding and
predicting the impacts of environmental hazards. Regarding the spatial distribution of
surface sediment depositions due to soil erosion, few attempts of modelling have been made
so far. It has already been tried to simulate the problem of soil erosion with different kinds of
mathematic models starting in the 1970s with the universal soil loss equation (USLE WISCHMEIER & SMITH, 1978). This empirical model was made to predict the annual loss of
soil in agricultural areas. It is not able to simulate deposition processes. Since that time a lot
of models have been developed to predict soil erosion. Some of them are based on the USLE,
others represent completely different approaches. But still the erosion modelling attempts
have focused on on-site effects such as soil loss from arable land. Later on models have been
applied to simulate the transport and depositions of sediments (MERRITT et al., 2003),
although many of these models are derived from hydrology and are made to predict the
quality of surface waters. Thus they can be used to estimate the input of sediments to surface
water bodies, but they are not suitable to predict the beforehand depositions inside the
catchments.

One attempt to model the spatial patterns of surface depositions was made by DESMET &
GOVERS (1995). They used a very simple GIS-based tool to simulate erosion and deposition
in dependence of the surface slope. The purpose of this study was to investigate the long
term development of landscapes, therefore this model was not meant to simulate single rain
events. For a single event based modelling, BACCHI et al. (2003) applied the Water Erosion
Prediction Project (LAFTEN et al., 1991).WEPP is a physically based model which is suitable
to predict erosion and deposition on a slope. BACCHI et al. (2003) laid several transects
through their investigation watershed, calculated the erosion and deposition and later
interpolated the results to a spatial erosion and deposition map. This interpolation method
might be applicable to very homogenous watersheds. But settling areas are too dissected to
apply this method. A grid based model would be more appropriate for this environment. A
model that fits this requirement is the Limburg Soil Erosion Model (DE ROO et al., 1994).
The LISEM model was used by TAKKEN et al. (1999) to predict deposition patterns for a
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single rainfall event in a watershed. Although the total amount of modelled depositions
corresponded to the measured values, the predicted patterns of the depositions showed a
considerable deviation from the observed ones. The DEM used in this study was derived
from contour lines of a topographic map that had been interpolated to a 10x10 m raster. It is
possible that the disagreement of the deposition patterns is owing to the fact that
anthropogenic structures of the landscape, such as streets and ditches, are not depicted in a
10x10 m DEM.

2.3 Concepts of this study
It is the aim of this study to simulate the deposition patterns of the concrete rain storm event
that caused the inundation in Oberlungwitz. For this purpose the model EROSION 3D
(SCHMIDT et al., 1997) will be applied. This model has several advantages:
• Based on physical processes it is universally applicable.
• It is implemented in a user friendly documented software programme with a GIS
interface (v. WERNER, 1995).
• Erosion and deposition processes are modelled for single rainstorm events on a
watershed scale.
• The input parameters are raster-based and limited in number. Additionally a
comprehensive soil parameters catalogue is available for Saxony that provides the
demanded parameters in dependence of soil type, crop cover, tillage practice and
season (MICHAEL, 2001).
• This model has been widely applied in Saxony so far (e.g.: v. WERNER, 1995;
SCHMIDT & v. WERNER, 2000; MICHAEL et al., 2005; SCHOB et al., 2006).

Regarding this particular study the challenge is to model the small scaled deposition patterns
inside the settlement. For this purpose it is necessary to scale down the spatial input data to a
sufficiently small raster size to represent the elements of a settling area. Special emphasis is
put on the acquisition of the topological data. Inside settlements human constructions have
changed the original surface. The hypothesis of this study is that these human constructions
influence the surface runoff and consequently the deposition patterns. If the elements of a
settling area could be considered in the DEM the spatial patterns of deposition would be
correctly modelled.
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In a first step information about the affected settlement in Oberlungwitz is gathered by
examining existing maps as well as on-site observations. Background information about the
occurred inundations of 2004 is obtained through questioning the residents and the farming
cooperation of the concerned field. The results of these investigations are described in
chapter 3.

The input data for the modelling with EROSION 3D have to be acquired. The procedure is
specified in chapter 4. Special attention is given to the derivation of the DEM.

In this study the modelled deposition patterns are compared to the depositions that have
taken place in Oberlungwitz during the 2004 inundations. As there was not any detailed
investigation about the absolute amount of sediments in 2004 it is not possible to evaluate the
model predictions in this respect. Only the spatial distribution patterns are reported and
compared to the simulation results in chapter 5. But although absolute measured values of
deposition amounts are not available, the model predictions are analysed for plausibility in
chapter 7.

After the sedimentation modelling is optimized, it is tested in chapter 6 how erosion
protection measures influence the depositions inside the settling area. Among the tested case
scenarios there are structural changes of the settling area as well as land use changes of the
sediment delivering field.
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3

Environmental settings

3.1 Investigation area
The investigation area is located in Oberlungwitz, which is a small village in the German
federal state of Saxony. As is shown below it is located between the German cities of
Chemnitz and Zwickau.

Figure 1: Location of the investigation area (based on TK10 – Blatt 5242-NW)
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All maps in this study have a transverse mercator projection and are georeferenced to the
datum D_Bessel_1841. The corner of the Erlbacher Strasse and Wiesenweg is located at
4551468 m east and 5627545 m north at a height of 340.9 m asl. The highest elevation in the
south of the settlement is 398.9 m asl.

There are two creeks draining the investigation area: the small creek Lungwitzbach passes
through the town Oberlungwitz. The Hirschgrund is a ditch that flows into the
Lungwitzbach.

Figure 1 shows the location of the Hennysiedlung in Oberlungwitz. The four streets AntonGünther-Weg, Wiesenweg, Erlbacher Strasse and Vater-Jahn-Strasse form a part of this
settlement. The streets are indicated in Figure 1, but a more detailed position plan of the
Hennysiedlung can also be found in the appendix, Figure A 1. Uphill the residential area the
territory is used for agriculture. The field south of the corner Wiesenweg / Erlbacher
Strasse, which is coloured brown in the figure above, is cultivated by the farmers'
cooperative Lungwitztal. They made the information about the soil treatment available
(Table 1). The total extension of the field is 21.54 hectare. In 2004 this field was cultivated
with corn after the soil had been treated with a 20 cm plough. The sowing took place on
April 15th the same year. The other field in the southeast of the settlement (indicated in light
green in the figure above) was cultivated with wheat in 2004, and the area in the southwest
(green colour) was grassland in 2004 and it still is today.

After 2004 the treatment of the southern field was changed from ploughing to grubber. The
farmers' cooperative also avoided cultivating field crops that but poorly cover the soil like
corn and potatoes. In the following years the field was cultivated with winter-barley, winterrape, winter-wheat for two consecutive years and since September 2008 it is covered with
field grass.

The streets in the Hennysiedlung are all covered with asphalt. The Erlbacher Strasse
proceeds in the south as a path without asphalt cover. It separates the two fields south and
southwest of the Hennysiedlung. The path is flanked at both sides by a grass strip which
contains single trees and shrubs.

The settlement itself contains a lot of detached houses together with parking areas, terraces,
hovels, greenhouses, little ponds, flowerbeds, hedges and lawn thus being a very
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inhomogeneous area. In the northern part of the Erlbacher Strasse there are two riding sites
east of the street and a gymnasium in the west.

In the beginning of the 1990´s the streets of the Hennysiedlung were renewed with a new
asphalt cover. On that occasion a ditch alongside the Erlbacher Strasse was filled up.

Table 1: Crop rotation and soil treatment
Crop rotation

Date

Actions of soil treatment

crop year 2004

06.10.03

harrow

corn

30.10.03

plough 20 cm

07.04.04

liquid manure grubber

15.04.04

Corn sowing

crop year 2005

25.08.04

liquid manure

winter-barly

25./26.08.04

harrow

05.10.04

grubber ca. 15 cm

06.10.04

sowing

18.07.05

harvest, straw cleared

crop year 2006

29.07.05

liquid manure grubber

winter-rape

30.07.05

harrow

18.08.05

grubber ca. 15 cm

19.08.05

sowing

26.07.06

harvest, straw stayed on field

crop year 2007

27.07.06

harrow

winter-wheat

19.09.06

grubber ca. 15 cm

20.09.06

sowing

27.07.07

harvest, straw cleared

crop year 2008

13.10.07

grubber ca. 15 cm

winter-wheat

17.08.07

harrow

14.10.07

sowing

06.08.08

harvest, straw cleared

26.08.08

liquid manure grubber

crop year 2003 field grass

crop year 2009
field grass

(source: Agrargenossenschaft Lungwitztal, 2008)
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3.2 Inundation event
In the year 2004 several heavy storm events with intense rainfall occurred in Oberlungwitz.
The first event happened in the evening of May 10th and the early hours of May 11th and was
followed by two events on July 5th and 8th respectively. These rainfalls were locally limited
phenomena of a rather short duration and intense precipitation. The surface runoff flooded
the Hennysiedlung and transported soil material from the southern field which was then
deposited in the gardens and also entered some cellars.

Figure 2 illustrates the flow path of the water and the area where most of the mud
depositions took place as reported by the residents. The properties in the rectangle between
the Anton-Günther-Weg, Erlbacher Strasse and Wiesenweg suffered the worst damages.
Here a mud cover of about 10 to 20 cm was left on large areas of the gardens and had to be
removed with hydraulic excavators. The fourth house on Wiesenweg had got a pond of
about two meters depth in the garden which had been constructed just before the first
inundation and still had not been filled with water. The flood completely filled it up with
mud.

Flow direction
Deposition area
Figure 2: Reconstruction of the water flow and the deposition area as reported by the
residents
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The runoff water also crossed the Anton-Günther-Weg, but it did not transport any more
mud to this direction. The sites southwest of Erlbacher Strasse and southeast of Wiesenweg
have not been affected at all.

Figure 2 mainly represents the situation after the first flood event in May. After that the
habitants and the company that cultivates the field took some preventive measures as for
instance a provisional ridge that was raised in the northern corner of the field to stop the
runoff. This ridge has meanwhile disappeared. Moreover two ditches were cut in the field
rectangular to the path, but they also vanished with the soil treatment of the field. The
residents tried to protect their gardens and gateways with planks and sandbags. The result
of all these actions was that the flow pattern changed in some way. For example the runoff
went far more down the Wiesenweg and reached as far as Vater-Jahn-Weg. Instead it did
not enter the Anton-Günther-Weg. As it turned out to be a lot more difficult to reconstruct
the damages of the later flood events and the actions that were taken, this study will focus
on the event on May 10th.

The inundations were documented by some residents with photos. Two impressions of the
affected Wiesenweg and Erlbacher Strasse are shown in Figure 3 and Figure 4. More photos
of the inundation events are available in the appendix.

Figure 3: Photo of innundation event 2004 taken at Wiesenweg in direction of Erlbacher
Strasse (provided by family Hermsdorf)
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Figure 4: Photo of inundation event taken at Erlbacher Strasse in view of the field on May
10th (provided by family Espig)

Although the storm events in 2004 delivered an extraordinary amount of precipitation, it
was not the first time the settlement was inundated. In the 1980´s a similar event happened
in a year the field was cultivated with potatoes. But the damages caused by that event were
not that intense. This might be due to the above mentioned ditch, which existed alongside
Erlbacher Strasse (see chapter 3.1).

15

4 Data acquisition and methodological approach____________________________________

4

Data acquisition and methodological approach

The processes of erosion and deposition are modelled using the program EROSION 3D. This
Erosion model requires three types of input data: soil parameters for different land use units,
a digital elevation model (DEM) and rainfall data. First of all, the soil type and the organic
matter content are analysed for three soil samples taken in the field. After that land use
classes are defined and a land use map is created. In dependence of the soil type and the land
use the missing soil parameters for the EROSION 3D model are derived from a parameter
catalogue (MICHAEL, 2001). In the following chapters the derivation of the DEM and the
acquisition of the rainfall data are described. In the end an overview of the performed
simulation runs is given. The processing of all spatial data is performed with ESRI/ArcGIS.

4.1 Soil analysis
To analyse the grain size distribution and the organic matter content, three disturbed soil
samples of about one kilogram each are taken uphill the settlement on the field. Only the
upper part of the Ap horizon is sampled. The three samples are labelled OL_U, OL_M and
OL_O according to the places they are taken as indicated in Figure 5.

Figure 5: Location of the soil sampling sites
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The soil samples are later analysed in the laboratory for grain size distribution of the fine
fraction (< 2 mm). According to DIN ISO 11277, the grains larger 0,063 mm are separated
through sieving and the grains 0,063 to 0,002 mm through sedimentation according to
KÖHN.

Unlike DIN ISO 11277, the material smaller two millimetres is suspended in distilled water
and treated with ultrasound for 30 minutes before the wet sieving and sedimentation. That
is to find the grain size distribution relevant for erosion processes. The impact of the
raindrops on the surface mechanically crushes coarse aggregates to smallest aggregates, but
not to single grains. The application of HCl, Na4P2O7 or H2O2, as specified in the DIN
instruction, chemically destroys the substances that cement the grains. In contrast the
ultrasonic waves decay the aggregates mechanically (MICHAEL, 2001).

The pre-preparation and the analysis of the coarsely and finely gained fractions of the soil
samples are documented in detail in the appendix.

Figure 6: Cumulative grain size distribution for the soil samples

Each sample is analysed twice. Figure 6 illustrates that there is almost no difference in the
grain size distribution of the three samples. That is why there are no distinctions in soil type
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made for the investigation area. Because of the grain size distribution shown in Table 2 the
soil type is classified as sandy silt (Us) according to SCHEFFER & SCHACHTSCHABEL,
2002. In contrast to that the MMK-Zwönitz (“Mittelmaßstäbliche landwirtschafliche
Standortkartierung” provided by the Saxon state office of Environment, Agriculture and
Geology) indicates a silty loam (Lu) for that area. Silty loams are characterised by higher clay
contents. This difference can be explained by the pre-processing of the samples with
ultrasound instead of chemical suspension as the ultrasonic waves do not decay the most
stable aggregates.

The mean grain contents of the soil samples has to be rounded for the soil parameter file as
there are no decimal numbers allowed as input for the grain size classes (Table 2). As the clay
cannot be further separated by sedimentation the amount of total clay is declared as coarse
clay in the soil parameter file and the middle and fine clay is set zero (Table A 4) .

Table 2: Contents of grain-size classes < 2 mm
Grain-size-class

Mean [%]

Rounded mean [%]

gS

15.89

16

mS

16.73

17

fS

11.91

12

ΣS

44.53

gU

24.17

24

mU

16.50

17

fU

9.49

9

ΣU

50.15

ΣT

5.31

5

Σ

100.00

100

The carbon content is analysed in the laboratory by aj-Analysensystem multi EA 2000,
multiWin 4.03. According to SCHEFFER & SCHACHTSCHABEL (2002) the organic matter
content can be calculated from the carbon content by a factor of 1.724 (Table 3).

The mean of the carbon content is 2.4 %. This value is used as an input parameter for the soilparameter-file (Table A 4).
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Table 3: Measured carbon- and calculated organic matter content
amount of sample

carbon-content

carbon-content

organic matter

sample:

[mg]

[g/kg]

[%]

[%]

OL_O

292.50

19,03

1.9

3.3

OL_M

474.70

26.09

2.6

4.5

OL_U

378.41

26.19

2.6

4.5

4.2 Land use classification
The generation of the land use map is schematically illustrated in Figure 7. It is possible to
use already existing shape-files with land use units if they are available. In this case, a shapefile “Feldblock” exists (provided by the Saxon state office of Environment, Agriculture and
Geology). This shape file contains the acres as polygons. The interesting ones for the
investigation area can be extracted. Except for these field polygons which already existed,
the other ones are digitalised manually using aerial photographs as basis for the location of
each object. In addition to that on-site observations help to class the polygons. The result is a
shape file, which contains the land use units as objects. Each object has got an ID number and
is attributed as one of the land use classes.

The shape-file of the land use has to be converted into a raster-file. To represent the small
scaled objects of the land use map on a raster-file the spatial resolution has to be adequately
low. The smallest possible input in EROSION 3D is a raster with 1x1 m resolution. That is
why this resolution is selected. This raster size determines which objects of the settlement
area can be well represented. Smaller objects than the one described below would not appear
on a 1x1 m raster. When converting to raster-file, the value field has to be the ID-number. In
addition to the raster map, a look-up table is created, which relates the ID-numbers with the
land use class. This look-up table is the link between the land use map and the soil
parameters stored in another table.

In the end the raster file “land use” has to be converted into an ASCII-format to be entered
into EROSION 3D as input parameter. The look-up table can be stored as CSV or
DBF3/DBF4 (v. WERNER, 2007).
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Input:
existing land use
polygons
e.g. “Feldblock”

Extraction of
interesting
polygons

shape-file
„fields“

Input:
Aerial photographs

Digitalisation
of land use
units

Output:
shape-file
„land use“

Conversion to raster-file
raster size: 1x1 m
value field: ID-number

Output:
raster-file
„land use“

Output:
look-up
table

Figure 7: Workflow for the generation of the land use map

Twelve different land use classes are identified in the investigation area. The shape-file
containing the land use polygons is shown in Figure 8. The first class covering most of the
investigation area is “field”. The polygons for the field objects are derived from the already
existing shape-file “Feldblock” and are only modified where paths have to be added in
between these fields. So “path” is a second land use class and is defined as trafficable ways
without an asphalt cover in contrast to the class “street” which has an asphalt cover. Other
classes with complete solid covers are “parking”, “pavement”, “terrace” and “house”. The
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class of “house” contains not only residential buildings but also hovels, greenhouses and
garages. There are also little ponds in the settlement which are defined as “water”. The areas
with an organic cover are subdivided into “garden”, “grass”, “bush” and “forest”. The latter
three are defined as having a close cover of grass, small shrubs and trees respectively.
“Garden” is the most inhomogeneous land use class with mainly grass-cover, but also
flowerbeds, small paths, compost piles, some trees, shrubs and hedges. As all these small
scaled objects cannot be identified as single polygons in the shape-file of the land use, they
are joined together in the class of “garden”. A last class is just defined as “riding site”. This
class has no cover at all and is just barren earth.

Figure 8 also shows the polygon ID-numbers of the agricultural areas. The ID-numbers of the
fields

are

because

important,

of

simulation

different

scenarios.

In

each case the use of single
66

8

fields can be changed in the
look-up table. The most
important one is polygon
number 11 being the field

11

which delivers the eroded
material that is deposited in
the

settlement.

The

properties of the settlement
polygons are not changed
which is why these polygon
ID-numbers are not shown
here.

Figure 8: Shape file of the
land use classes with
polygon ID numbers for
agricultural areas
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4.3 Soil-parameters
The model EROSION 3D requires seven soil-parameters which describe the land use classes
and an additional factor to correct the infiltration ability (SCHMIDT, 1996). These parameters
are stored in a soil-parameter-table. The complete soil parameter table is listed in the
appendix, Table A 4 . A selection is shown in Table 4.

The first column contains the Poly_ID which defines the land use class. The Poly_ID is the
key that links the soil parameters wire the look-up table with the land use units in the land
use map. Each Poly_ID is assigned a set of soil parameters.

Parameters:
• nine grain size classes: fT, mT, gT, fU, mU, gU, fS, mS, gS [%]
• organic carbon content: CORG[%]
• initial moisture: INITMOIST [Vol.-%]
• bulk density: BLKDENSITY [kg/m³]
• sensibility to erosion: ERODIBIL [N/m²]
• hydraulic roughness: ROUGHNESS [s/m1/3]
• cover of the surface: COVER [%]
• correction factor: SKIN FACTOR [-]

The grain size distribution and the carbon content are determined in the laboratory as
described in chapter 4.1. For all land use classes the same values are used although the
properties of the soils in the gardens probably vary from the analysed soil from the field. But
as it is not possible to analyse samples of every defined land use object this generalisation
has to be made. Bulk density, erodibility, roughness, cover and skin factor are derived from a
parameter catalogue (MICHAEL, 2001) in dependence on the soil class, the soil cover, tillage
practice and season. The initial moisture content is assumed to be high as there were several
rain events preliminary to the event on May 10th 2004. The selected soil parameters for the
land use classes are listed in Table 4.
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Table 4: Soil parameters
Bulk

Initial soil water

Erosion

Hydraulic surface

Soil

Skin

density

content

resistance

roughness

cover

faktor

Land use:

[kg/m³]

[vol-%]

[N/m²]

[s/m1/3]

[%]

house

2600

15

1

0.9

100

100

street

2600

15

1

0.011

100

0.01

path

2000

39

0.002

0.02

30

2

2600

15

1

0.011

100

0.01

water

2600

100

1

1

100

100

garden

1300

39

0.03

0.5

90

10

1320

39

0.0006

0.044

0

1.2

grass

1300

39

0.03

0.3

90

10

forest

1000

39

0.1

0.9

100

18

bush

1100

39

0.08

0.9

100

18

corn_convent

1320

39

0.0009

0.015

2

1.3

corn_cons

1400

39

0.002

0.023

2

15

ww

1480

39

0.003

0.016

60

1.3

wwc

1480

39

0.005

0.043

60

15

parking/
terrace/
pavement

earth
(riding site)

(selected from: MICHAEL, 2001)

For the simulation runs with EROSION 3D the use of the field number 66 is always covered
with grass. Field number 8 is cultivated with wheat (land use  ww). As there is no report of
what was cultivated on the other surrounding fields their use is set to winter wheat as well.
For the different simulation runs only the use of field number 11 is changed. To see the soil
parameter sets for each case compare the respective land use with Table 4.

Actual condition:

This case represents the situation in May 2004 when the inundation
event took place. The field is cultivated with corn. The tillage practice
is conventional and the state of growth is May. (land use 
corn_convent)
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Actual conservative:

The field is also cultivated with corn and the state of growth is May,
but in this case a conservative tillage practice is assumed. (land use 
corn_cons)

2007:

In this year the field is cultivated with winter wheat. The tillage
practice is conservative again and the state of growth is May. (land use
 wwc)

2009:

The field is covered with grass this year. (land use  grass)

4.4 DEM generation
The DEM must have the same spatial resolution as the land use map. As the land use map is
stored with a 1x1 m raster to represent the small scaled objects of the settling area, the DEM
has to be in 1x1 m resolution, too. For most areas in Germany DEMs with a raster resolution
of 20x20 m or 25x25 m are available. In Saxony for some areas DEMs with a minimal
resolution of 2x2 m exist (Saxon State Office of Land Survey: ATKIS-DGM2). These DEMs
are derived from satellite or airborne photos. But as in this case a DEM with a 1x1 m
resolution is required it has to be created in a different way. The most accurate method
would be the on-site measurement. But as this procedure is very costly in terms of time and
labour another approach is applied: The DEM for the investigation area can be generated
using the contour lines from a topographic map (v. WERNER, 1995). Although this method
is a lot easier to perform than the on-site measurement, it still needs a lot of time depending
on the size of the investigation area, because the lines have to be digitised manually. The
whole procedure of the DEM generation is schematically shown in Figure 11 on page 27.

First the contour lines of the topographic map TK10 – Blatt 5242-NW are digitised for the
relevant area and saved in a polyline shape-file. These contour lines have a distance of 2.5 m.
Each line is given the respective elevation value as an attribute. An interpolation is
performed to obtain a regular grid with elevation values. For this interpolation the ArcGIS
tool “topo to raster” is performed which is a special application to interpolate contour lines
to a raster based on the method developed by HUTCHINSON (1989). In this step the raster
size can be set to 1x1 m. Of course the accuracy of this DEM is not 1x1 m but it stays as good
as the contour lines thus showing the general surface of the landscape without representing
any details. After the interpolation a 3x3 low pass average filter is applied several times to

24

4 Data acquisition and methodological approach____________________________________
smooth the result (Figure 9). In this case it is applied 50 times consecutively until the DEM
does not show further enhancement.
1/9 1/9 1/9
1/9 1/9 1/9
1/9 1/9 1/9
Figure 9: 3x3 low pass average filter

The quality of the derived DEM can be visually analysed by calculating the slope (WOOD
and FISHER, 1993). In Figure 10 the DEM calculated from the contour lines is compared to
the filtered DEM. In the unfiltered DEM white lines indicate almost flat areas where the
counter lines run. This effect can be diminished significantly through filtering.

1.)

2.)

Figure 10: Comparison of the slope from the contour line interpolated DEM (1) and the
filtered DEM (2), both overlaid by land use polygons for better orientation. The slope
ranges from white (= flat areas) to black (=steep areas)
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The filtered DEM with the resolution of 1x1 m can now be further modified. For this purpose
the land use shape-file is applied. From this file single polygons or even whole land use
classes can be extracted. In addition to that it is necessary to define a polygon with the spatial
extent of the DEM. This polygon called “background” is joined with the extracted ones to a
new shape-file. Then the attribute table is extended for a column called “height” where the
relative elevation of the objects is stored in meters. In this column each object is given a
special height value, e.g. houses may have a height value of ten. For the background the
attribute “height” has to be zero. Now this file is converted to a raster with 1x1 m resolution
and “height” as a relevant attribute. This raster with the stored elevation can be
mathematically added raster by raster to the DEM. The result is a continuous DEM where
structures of the settling area are raised or lowered in the landscape.

There is also the possibility to flatten certain areas. In this case, the two raster files (DEM and
height value raster) are not mathematically added. Therefore a conditional operation has to
be performed. The selected object is assigned a value of one; the background has to be zero.
The shape-file is converted to a raster-file with 1x1 m resolution as in the previously
described case, but now it serves as a conditional raster. The condition is that where this
raster is equal “1”, the modified DEM will be assigned an absolute height value. This can be
for example the lowest or highest elevation of the selected object or an average value can be
chosen, too. Where the conditional raster is equal “0” the values of the original DEM are
kept.

When all modifications of the DEM are performed the raster-file has to be converted to an
ASCII-file (v. WERNER, 2007).
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Input:
topographic
map with
contour lines

Input:
shape-file
“landuse”
(see: Figure 7)

Digitalisation
of contour lines

Extraction of single
polygons or land use
classes

shape-file
„contour lines“

Union

Interpolation
raster-size: 1x1 m

Create
backgroundpolygon
with
extend of
DEM

Extend the attribute table:
allocate a column “height” with
relative elevation values [m] for
each object
Filtering:
average
filer 3x3

Output:

Convert to raster-file
resolution: 1x1 m
value field: “height”

DEM

Add

Output:
modified
DEM

Figure 11: Workflow for DEM generation
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In this study several distinct modifications of the DEM are performed. These modifications
are illustrated in Figure 12 and are further described below:

Houses:
First of all, the houses are selected. Houses are considered objects with walls which suddenly
rise high out of the landscape. So this class contains any kind of building like residential
houses, garages, hovels, green houses etc. In some cases it has to be carefully considered
whether an object should be selected; for example if it is not completely surrounded by
walls, as it is the case with some carports or verandas. The absolute height of each single
object is not that important, the common quality of these objects is simply that they are high.
That is why they are assigned a value of ten meters.

Streets:
Trafficable ways are normally a little bit lowered in the landscape. The height of the kerb in
the study area is 10 cm. So the streets are given a value of -0.1 m. As most of the gateways are
on the same level as the street they are assigned the same value. The paths, although not
being paved, are also visibly lowered in the landscape, so they are treated the same as
streets. There is one cobbled way beside the first house of Anton-Günter-Weg at the corner of
Erlbacher Strasse which considerably cuts in the landscape, and therefore is lowered for 50
cm.

Marginal strips:
Alongside streets and paths the marginal strips are sometimes significantly elevated. In this
case the sides of the path are 20 cm higher than the fields on each side. And also the grass
strip at the end of the Erlbacher Strasse is raised 10 cm. Another marginal strip is visibly
elevated between the field number 11 and the grassed area number 66 (for the field numbers
compare Figure 8). This elevation gets pronounced in direction of the Erlbacher Strasse in
form of a ridge. So height values of +0.2 m and +0.4 m respectively are assigned. In the
middle of this strip there is a small mound which is elevated 80 cm.

Rill:
Where the Erlbacher Strasse crosses over to the path there is a small rill between the way and
the field number 11. This rill has an average depth of 40 cm, so it is assigned a value of -0.4
m.
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Riding sites:
There are two flattened areas containing barren earth which serve as riding sites (see Figure
8). These areas are assigned the absolute height values of the lowest point of each one. That is
334 m and 335 m asl respectively (Figure 12).

Figure 12: Illustration of the DEM modifications

For the simulation runs with EROSION 3D different DEMs serve as input data. The first ones
just represent steps of the above described performance of the DEM (Figure 11). Later
additional modifications are modelled into the DEM to analyse the influence of changes in
the landscape.

Contour line DEM:

DEM derived from the interpolation of the digitalised contour lines
without any further modifications.

Filtered DEM:

Contour line DEM filtered 50 times with the average filter.

Structured DEM:

DEM performed of all the above described modifications based on the
filtered DEM (compare Figure 12).
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1.5x1.5 m DEM:

To verify whether it is really necessary to use a DEM as small as 1x1 m
it is tried to enlarge the raster size very slightly to 1.5x1.5 m. The
modifications of the landscape are the same as the structured DEM
described above.

DEM_ditch:

In addition to the structured DEM a ditch alongside west of the
Erlbacher Strasse is modelled into the DEM. This ditch has a depth of
50 cm. In the past this ditch really existed. It has been filled up at the
beginning of the 1990s.

DEM_gateways:

In the structured DEM the parking areas are lifted up for 5 cm to raise
them over the street level.

DEM_rills:

Two rills are modelled into the structured DEM that cross the path
which extend the Erlbacher Strasse. In reality these rills could also be
covered with lattices (so that cars can pass) or they can be realised as
tubes with sufficient diameter.

4.5 Rainfall data
The closest meteorological station to the investigation area in 2004 was the station of
Chemnitz which is located 10.2 km to the east. Although the station is very close, the rain
events which caused the inundations in 2004 were not recorded at the meteorological station.
That is because these rains were extremely locally limited phenomena as reported by the
residents (chapter 3.2). The rainfall data from the station of Chemnitz, delivered by the
DWD, showed precipitation only for May 10th and May 11th 2004. For the other events on
July 5th and July 8th no precipitation was measured in Chemnitz. But also the events on May
10th and May 11th did not reach the meteorological station with the same intensity as it must
have been in Oberlungwitz. The measured precipitation sums up to 41.5 mm, but it disperses
over nine hours while in fact it was in fact a short event. It was reported by the residents and
farmers´ cooperative that the first event on May 10th apparently delivered precipitation of 43
mm in about two hours. As this report references to a private measure of a habitant of
Oberlungwitz, this value could not be confirmed officially.

30

4 Data acquisition and methodological approach____________________________________
As there are no measured data available to simulate the erosion event, and the reported
values are not confirmable, a statistical rain event is used in this study. The software
KOSTRA-DWD-2000 calculates rain events with a known duration (D) and a certain
repetition interval (T) specifically for every region in Germany. The calculations are based on
the statistical data published by the DWD (1997). In this case it is assumed that the
precipitation took place during a storm event of medium duration (approximately two
hours). It is also assumed that it was an extraordinary rain event. That is why a repetition
interval of 50 years is chosen. This rain event delivers a total sum of 54.44 mm and its
simulated run is illustrated in Figure 13. Although this amount of precipitation is higher than
the reported amount of 43 mm, it is used as an approximation for the unknown rain event.

Figure 13: Simulated run of a statistical rainfall for Oberlungwitz: D = 120 min, T = 50 a
(KOSTRA-DWD-200)

The programme EROSION 3D includes as an additional tool the option to perform long term
simulations (v. WERNER, 2005a). With this sub model a sequence of rain events can be
simulated and after every event the surface is corrected depending on the eroded and
deposited material. In this case long term simulations are performed with the rain event
shown above, divided into several parts.

Two parts division:

The rain event is divided into two parts each delivering the same
amount of precipitation. One part contains the first 30 minutes and the
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other one the last hour and 30 minutes. Each delivers a rain amount of
27 mm.

30 minutes interval:

The division of the rain event is performed after every 30 minutes.
Four parts are generated each of the same duration, but with different
precipitation amounts.

10 minutes interval:

In this case very small parts of 10 minutes durations are generated so
that the total rain event is divided into twelve segments.

4.6 EROSION 3D modelling
There are two tasks to perform with the EROSION 3D modelling. First it should be evaluated
whether EROSION 3D is applicable to model the deposition in a small scaled residential
area. Later modifications of the DEM and the land use are evaluated on their effect on the
erosion and deposition. Each simulation run with EROSION 3D requires a set of input data.
The previous chapters describe the data input sets for the soil, relief and rainfall. Table 5
combines the input data sets for every simulation run.

Table 5: Input data sets for simulation runs with EROSION 3D
Simulation run

Relief data

Soil data

Rainfall data

DEM1

contour line DEM

actual condition

undivided rain event

DEM2

filtered DEM

actual condition

undivided rain event

DEM3

structured DEM

actual condition

undivided rain event

DEM4

1.5x1.5 m DEM

actual condition

undivided rain event

LT1

structured DEM

actual condition

two parts division

LT2

structured DEM

actual condition

30 min interval

LT3

structured DEM

actual condition

10 min interval

M1

DEM_ditch

actual condition

undivided rain event

M2

DEM_gateways

actual condition

undivided rain event

M3

DEM_rills

actual condition

undivided rain event

CONS

structured DEM

actual conservative

undivided rain event

2007

structured DEM

2007

undivided rain event

2009

structured DEM

2009

undivided rain event
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5

Optimization of the deposition modelling in the residential area

The application of a small scaled DEM with structure modifications has never been tried for
the model EROSION 3D nor has it been for other erosion models in general. In this chapter
the effect of the DEM on the deposition modelling is tested. This includes different input
DEMs as well as the possibilities of a long term simulation because this additional tool of
EROSION 3D also alters the DEM after every rainfall interval which could influence the
distribution of depositions. The aim is a deposition map that coincides with the actual
sediment distribution during the event of May 2004 as it is reported by the residents
(compare chapter 3.2, Figure 2).

5.1 Results
5.1.1 Surface runoff patterns
The DEM predominantly influences the erosion and deposition processes by defining the
water flow of the surface runoff. Analysing the patterns of the surface runoff provides
information about the areas where the eroded material could come from and in which
direction it is transported.

Figure 14 depicts how the surface runoff changes with different DEMs. Pictures one to three
show the different stages of DEM generation as described in Figure 11: The first one is based
on the DEM which is only the interpolation of the contour lines without any further
modifications (Table 5: DEM1). For better orientation the landuse polygons are laid over the
picture. In this simulation the water disperses to all directions. The amount of water that
flows in direction of the settlement is rather small. Instead, the water runs into the grassed
area in the northwest, and a large part crosses the path and runs northeast into the
neighbouring field. The pattern of the water runoff is not influenced by the land use and the
cover of the areas. It exclusively follows the slope gradient.

For the simulation in the second picture the DEM is filtered 50 times with the average filter
(Table 5: DEM2), and for the third picture the characteristics of the settlement are added
(Table 5: DEM3). The filtering has a clearly visible smoothing effect on the runoff but still is
dispersed similarly to picture one. A noticeable change of the runoff behaviour happens
when the elements of the settling are modelled into the DEM. The path and its margins
prevent the water from running into the adjacent field. Instead, this structure channels the
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runoff in direction of the Erlbacher Strasse. Also the small barrier between the field and the
grassed area forces the water in direction of the settlement. Here the runoff streams
concentrate at the crossroads of Erlbacher Strasse and Wiesenweg. From there they disperse
again and inundate the gardens below. It is clearly visible that the structures of the
settlement influence the flow of the water. Houses are barriers to the water flow and streets
and gateways serve as water ways.

1.)

2.)

3.)

4.)

Figure 14: Surface runoff modelled with EROSION 3D: 1.) DEM calculated from the
contour lines with an overlay of the landuse polygons 2.) DEM after filtering with an
average filter 3.) DEM with structure modifications 4.) structured DEM with 1.5 m
resolution

The fourth picture is based on an equally structured DEM like number three, with the only
difference that the raster size is 1.5x1.5 m in this case (Table 5: DEM4). In this simulation the
runoff is also channelled in direction of the settlement. Nevertheless there are significant
differences between this and the previous picture: there is a point on the path where a large
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part of the water crosses the side strip and runs into the next field. This water does not reach
the settlement any more. There is also a certain amount of water that runs northwest into the
grassed area and also does not reach the settlement either. Another difference is visible
where the path turns into the Erlbacher Strasse. Here the water leaves the street and
inundates the gardens south of the Wiesenweg.
The strong influence of the DEM on the surface runoff is shown in Figure 14. Although it is
visible in picture number three that the field drains into the settlement, it is not clear how
large the area is that possibly contributes to the runoff reaching the corner Erlbacher Strasse
/ Wiesenweg. In order to define the size of a watershed normally a receiving stream is
needed where the runoff concentrates and is carried away in only one direction. In the
observed area the water does not reach the next stream. It stays surface runoff dispersing
into any direction in dependence on the slope aspect. Picture three (Figure 14) shows very
clearly that the water coming
from the field concentrates at
the corner Erlbacher Strasse /
Wiesenweg and then disperses
again taking different ways
into the gardens. This lack of a
certain point to which the
water runs and where it is
collected makes the definition
of a watershed rather difficult.
Nevertheless

the

above

described place at the corner of
Erlbacher

Strasse

/

Wiesenweg, where the water
temporally concentrates before
dispersing again, can serve as
an

approximation

of

watershed outlet.

Figure 15: The watershed,
defined by the aspect and the
runoff accumulation
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This corner is not defined by one single raster field. But if the raster fields that are part of the
corner are taken together the water that runs onto the corner can be defined and also where
it comes from. This case is illustrated in Figure 15: The flow direction of the water is
calculated with ArcGIS based on the DEM with all structure modifications (same as the input
for Figure 14, picture 3). Based on this the runoff accumulation is calculated and the area is
defined which drains in direction of the corner.

In Figure 15 the largest possible discharge area is surrounded by a black line. It shows that a
large part, but not the entire field drains into the settlement. The areas uphill the watershed
obviously cannot contribute to an inundation of the settlement, because they drain into
completely different directions. The size of the illustrated discharge area is 108,089 m².

5.1.2 Erosion and deposition patterns
As the surface runoff is responsible for the detachment and transport of the soil particles,
erosion and deposition processes depend on the runoff and therefore on the input DEM as
illustrated in Figure 14. But also the soil and the surface properties influence the erosion and
deposition. Figure 16 depicts the sediments. Negative numbers represent erosion, displayed
in yellow to red colours, and positive numbers represent deposition in green to blue. Pictures
one to four show the same simulations as those in Figure 14.

The simulation based on the unmodified DEM (picture one) shows strong erosion on the
field. This field is cultivated with corn and the simulation is run for May. The poor soil cover
causes sensibility to erosion on this field. On the other field wheat is cultivated which covers
the soil better than corn. In this simulation erosion happens also on the wheat field, but it is
less than on the field with corn. The grassed area is nearly unaffected by erosion. Deposition
happens where the roughness of the surface changes, as for example at the borders of the
fields. The roughness is raised due to grass or bush vegetation, and the soil particles are
deposited adequately. Although the surface runoff crosses these barriers and follows the
slope, the particles are withheld. Also inside the fields deposition is happening along certain
lines. These lines represent the contour lines from which the DEM is calculated. This is an
artificial effect that can be diminished by filtering as illustrated in picture two. Inside the
gardens there is also erosion happening and almost no deposition. This pattern changes
completely in picture number three. Here the water is drained in direction of the settlement
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and transports the material into this direction, too. Some material is withheld on the path
and its margins, but most of the particles are transported further down and deposited inside
the gardens. As the water from the field no longer flows into the wheat field, the erosion on
this area is a lot smaller than in the simulations one and two.

Picture number four shows the simulation with the 1.5x1.5 m raster. In contrast to picture
number three, sediment is transported from the field over the path into the wheat field and
also into the grassed area. The gardens south of the Wiesenweg are covered with sediments
and less deposition occurs on the other side of the Wiesenweg.

1.)

2.)

3.)

4.)

Figure 16: Erosion and deposition modelled with EROSION 3D: 1.) DEM calculated from
the contour lines 2.) DEM after filtering with an average filter 3.) DEM with structure
modifications 4.) DEM with 1.5 m resolution
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The long term sub model of EROSION 3D alters the DEM after every rain event. This has got
influences on the deposition patterns as illustrated in Figure 17. In this figure three different
divisions of the rain event are compared to the original situation. The input for each case is
the structured DEM. Picture one shows the simulation with the undivided rain event as
reference (Table 5: DEM3). In comparison the pictures two to four show the simulations with
the divided rain event in two parts (Table 5: LT1), 30 minute intervals (Table 5: LT2) and 10
minute intervals (Table 5: LT3) respectively.

1.)

2.)

3.)

4.)

Figure 17: Long term simulation of the erosion and deposition modelled with EROSION
3D: 1.) Undivided rain event 2.) Rain event divided into two parts which deliver the same
amount of precipitation 3.) Rain Event divided into 30 min intervals 4.) Rain event divided
into 10 min intervals

The most obvious difference between the long term simulations and the undivided rainfall is
that there are a lot more depositions occurring on the fields. Another difference can be
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observed at the margins of the path, as they hold back sediments which they do not in
picture number one. Also the depositions inside the settlement differ significantly. Picture
number two shows more dispersed sediments in comparison with picture number one. In
the third picture the depositions inside the settlement are very similar to those in the first
one. The difference is that in the southern part of the path the sediments are transported
from the corn field over the path into the wheat field. The fourth picture shows the most
dispersed sediments. The material is transported from the corn field into the wheat field as
well as into the grassed area. The gardens are almost completely covered with sediments,
even those south of the Wiesenweg.

5.2 Discussion
As shown in chapter 5.1, the anthropogenic constructions, as considered in the topographic
input data, strongly influence the modelling results. Especially elements like streets drain the
surface runoff to directions that do not coincide with the original surface slope direction.
Inside the gardens the houses represent barriers and the gateways serve as entry for the
surface runoff. With regard to these results it can be said that the inundation of the
Hennysiedlung in Oberlungwitz can only be explained by considering the anthropogenic
small scaled changes of the surface in the DEM. In the originally unmodified DEM the area
of the field that drains in direction of the Hennysiedlung is very small and hardly
determinable. It would neither cause inundation nor considerable sediment depositions. In
turns, when the elements of the settling area are modelled into the surface, the area that
drains into the Hennysiedlung increases to almost 11 hectares. This area is sufficient to
inundate the settlement and it delivers a high amount of sediments which are deposited
inside the gardens of the Hennysiedlung. Comparing the reported depositions and the water
flow patterns from Figure 2 with the modelling results, the similarities become evident. In
the real scenario, water drained from the field and accumulated in the northern corner from
which it entered the settlement and inundated the Wiesenweg and the Erlbacher Strasse.
From the streets the runoff flew into the properties mainly through the gateways. The
gardens in the rectangle of Wiesenweg, Erlbacher Strasse and Anton-Günther-Weg were
those with the severest damages. These patterns can also be identified in the modelling
results of the DEM3 simulation run: The runoff from the field concentrates at the corner
Wiesenweg / Erlbacher Strasse and enters the properties through the gateways. Most
depositions occur on the properties where they are supposed to take place. The water runoff
also crosses the Anton-Günther-Weg. The gardens west of the Erlbacher Strasse and south of
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the Wiesenweg are not effected in the modelling results which coincidences with the reports.
But there are also differences between the reported occurrences and the modelling results: in
contrast to the reports of the residents, in the modelling results the gardens beyond AntonGünther-Weg also suffer depositions. In turn, the property at the corner Erlbacher Strasse /
Anton-Günther-Weg is hardly affected by the depositions, which was not the case in reality.

Additionally it is tried to find out whether the small raster size of 1x1 m is really necessary to
adequately model the deposition patterns. For that purpose the raster size is slightly
enlarged to 1.5x1.5 m. As shown in the modelling result this leads to some undesired effects:
The path in its function as runoff drainage is interrupted at several places. The result is that
depositions occur mainly on the properties south of the Wiesenweg which were not affected
in the real case. At the same time considerably less sediment has been deposited on places
which showed a comparatively high sedimentation in the real scenario. So it has turned out
that the small raster size of 1x1 m is really a necessity to adequately model the deposition
patterns inside a small scaled environment such as settling areas.

Although the DEM3 simulation run with the structured DEM with 1x1 m resolution is able to
simulate the occurred inundation of the Hennysiedung, there is one problem remaining: the
modelled depositions are concentrated at some raster elements inside the settlements and do
not cover the area that uniformly. With the attempt to diminish that effect the long term
model is applied and the rain event is divided into several parts. After every part the DEM is
newly modelled with the loss and input of sediments. The hypothesis is that if one raster
element is covered with sediment, the water will take a different way and sedimentation will
occur on neighbouring raster elements, thus distributing the depositions more uniformly
inside the gardens. The modelling results do not confirm this hypothesis. Only the 10
minutes intervals show a significantly more widespread deposition pattern. But still the
sediments are not distributed on all raster cells of the gardens. In turn, this simulation also
shows depositions where they should not occur, as for example on the properties south of
the Wiesenweg.

All in all, the long term simulations do not show a considerable

enhancement of the modelling results in comparison to the DEM3 simulation run. That is
why in the following chapter, where the different cases are modelled, the long term option is
not applied.
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6

Analysis of different simulation cases

In this chapter the influence of erosion protection measures on the deposition patterns inside
the settlement is evaluated.

6.1 Results
6.1.1 Structure modifications in the landscape
Three different modifications of the landscape are modelled into the originally structured
DEM. As shown in chapter 5 the structure of the landscape does have influence on the
surface runoff patterns. These patterns are analysed in Figure 18.

1.)

2.)

3.)

4.)

Figure 18: Influence of DEM modifications on surface runoff modelled with EROSION
3D: 1.) original structured DEM 2.) DEM with a ditch along Erlbacher Strasse 3.) DEM
with parking areas lifted up 5 cm 4.) DEM with rills crossing the path
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The influences of the surface modifications are compared to the original landscape in picture
one (Table 5: DEM3). In addition to the surface runoff patterns the depositions are depicted
in Figure 19. The simulations are the same as the respective pictures in Figure 18.

1.)

2.)

3.)

4.)

Figure 19: Influence of DEM modifications on erosion and deposition modelled with
EROSION 3D: 1.) original structured DEM 2.) DEM with a ditch along Erlbacher Strasse
3.) DEM with parking areas lifted up 5 cm 4.) DEM with rills crossing the path

In picture number two (Figure 18 and Figure 19) a ditch is modelled alongside Erlbacher
Strasse (Table 5: M1). The result is that the surface runoff is drained through the ditch. The
eroded material from the field is transported with the runoff into this ditch. The surface
runoff does not cross Erlbacher Strasse because of the ditch. There is only a small amount of
water flowing along the path that enters Wiesenweg. The consequence is that the properties
of Wiesenweg are hardly affected by inundation and very little sediment depositions occur
inside the gardens.
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For the third simulation the DEM is altered with the parking areas (Table 5: M2). They are
lifted up for 5 cm. The simulation shows very little difference to the original situation. The
surface runoff does still enter the gardens predominantly through the gateways and the
gardens are widely covered with mud depositions. In contrast to the original simulation
more runoff does inundate the gardens at lower positions at the Wiesenweg. These gardens
are now covered with sediments which formally has not been the case.

The last simulation shows how rills that cross the path influence the deposition patterns
(Table 5: M3). The water flows through these rills into the wheat field. The consequence is
that a lot of material is transported this way from the corn field into the neighbouring field
and does not reach the corner Wiesenweg / Erlbacher Strasse. While the material that flows
through the southern rill is drained into the northeast in direction of the Hirschgrund and
completely passes the settlement, the northern rill drains the sediment flow over the wheat
field in direction of the settlement again. It reaches the gardens south of Wiesenweg, which
were not affected by depositions in the original simulation. Nevertheless most of the
sediment is hold back by the grass strip that separates the gardens from the field. This strip
protects the gardens from the worst damages. In spite of the rills there is still sediment
reaching the original sedimentation area between Wiesenweg and Anton-Günter-Weg. This
area is affected by the depositions, but they are reduced in comparison to the first simulation.

6.1.2 Land use changes
As the field southwest of the Hennysiedlung delivers the sediment that flows into the
settlement, the cultivation and soil treatment will has influence on the inundation risk for the
settlement. After the inundation event in 2004 the farmers` cooperative Lungwitztal changed
the treatment practice on this field from ploughing to grubber. In addition different kinds of
crops have been cultivated on this field (compare Table 1). These land use changes have
influence on the infiltration ability of the soil and in consequence change the total amount of
surface runoff. In turn the runoff patterns are not changed by a different land use. That is
why the erosion and deposition is illustrated for the different simulations and not the runoff.

In the simulations illustrated in Figure 20 three different cultivations are compared to the
actual situation of 2004. First it is analysed how a change of soil treatment practise would
influence the erosion on the field. The field is also cultivated with corn as it was in 2004, only
the treatment has been changed from conventional to conservative (Table 5: CONS). As
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illustrated in picture two this change of soil treatment significantly reduces the erosion on
the field. It achieves to be as low as on the wheat field without conservative treatment
practice.

In the third and fourth simulations two actual situations from the following years are taken.
In those cases the soil treatment is conservative. In the year 2007 winter wheat was cultivated
and 2009 the field was covered with field grass. The winter wheat reduces the erosion in
comparison to the corn cultivation. The erosion is even less than on the other field with
wheat and conventional tillage. The best reduction of erosion is achieved with the grass
cover of the field.

1.)

2.)

3.)

4.)

Figure 20: Influence of field cultivation on erosion and deposition modelled with
EROSION 3D: 1.) corn and conventional tillage practice (actual condition 2004) 2.) corn
and conservative tillage practice 3.) winter wheat and conservative tillage practice (2007)
4.) field grass (2009)
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While the erosion on the field is gradually reduced from picture one to picture four in Figure
20 the depositions stay very similar in the four simulations. With the conservative tillage in
picture number two the depositions are almost the same as in the original simulation. In
contrast to that the pictures three and four show a slight reduction of depositions. But even
though in the 2009 simulation the erosion occurring on the field is significantly reduced,
there are still depositions occurring inside the settlement. But these depositions are clearly
reduced in comparison with the 2004 simulation.

6.2 Discussion
As announced in the introduction, several erosion protection measures are tested for their
effect on deposition patterns inside the settlement. These measures are divided into two
classes: structural changes in topography and land use changes of the concerned field. As
shown in chapter 6.1, both types have their effect on the depositions. The land use changes
have influence on the erosion that occurs on the field and thus influence the sediment
delivery to the settlement. The amount of depositions varies in these simulations depending
on the land use of the field. The deposition patterns do not change significantly. This is due
to the fact, that runoff patterns are not basically influenced by the land use change. Of course
the tested land use changes enhance the infiltration ability of the soil and thus reduce the
total amount of surface runoff. But the runoff water ways are not altered. The way the
sediment is transported by the runoff, it reaches mainly the same places where it is
deposited. The noticeable result of the land use change simulations is that even with the best
reduction of the erosion on the field (grass cover) there still is sediment transported to the
settlement and deposited in the gardens. The amount of depositions is noticeably reduced
through conservative tillage practice and better soil cover through different crops. Still the
fact remains that the enhanced land use of the field will not lead to a situation in which it can
bee guaranteed that there will be no sediment input to the settlement. In turns structural
changes in topography can achieve this aim. Among the tested scenarios there was the ditch
that once had existed alongside Erlbacher Strasse and was removed in the 1990s. This ditch
definitely offers the best chances to protect the settlement from inundation and sediment
depositions. But as this ditch has been removed it will probably not be possible to
reconstruct it. Firstly, because it is expensive to excavate a new ditch and second, because the
houses west of the Erlbacher Strasse did formerly not exist but now have their gateways to
the streets. A ditch would have to pass under the gateways and these constructions would
definitely be too expensive. The second scenario that is tested is performed because of the
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observation that the runoff mainly entered the properties through the gateways. That is why
the gateways are lifted up for five centimetres, enough to create a step, but not so much that
it is a real obstacle for cars. If a step existed between the street and the gateways the runoff
would possibly run down the street and not affect the properties. This hypothesis could not
be confirmed. The simulation results show that neither the runoff nor the depositions are
considerably influenced by this little step. Probably it is just too small. The last scenario is the
one that could easily be performed in reality. Two rills must be excavated under the path.
They could be covered by iron bars so that cars and tractors could pass over it. The
simulation results show that a large part of the runoff together with the sediments is drained
into the neighbouring field and does not reach the corner Erlbacher Strasse / Wiesenweg.
The danger of this measure is that some of the sediments reach the gardens south of the
Wiesenweg. But as there is a grass strip that holds back sediments the risk is reduced.

The simulations show that it is also possible to evaluate erosion protection measures with
respect to their influence on the risk of muddy floods inside residential areas. The structural
changes in the topography could have influence on the deposition patterns, but it can also be
noticed if a measure does not show the expected result, as - for example - can been seen in
the gateway scenario. The land use changes do reduce the sediment delivery, although they
will not completely eliminate the problem, at least not with the assumed extreme rain event.
Still they represent the cheapest protection measures and at least considerably reduce the
risk.
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7

Amount of sediments

In chapter 5 it is shown that applying the 1x1 m structured DEM for the deposition
modelling yields good results with respect to the deposition patterns. What has not been
evaluated is the total amount of sediments deposited in the investigation area due to the fact
that there have not been any investigations during the inundation events in 2004. The only
hint that was given by the residents is that the depositions at several places in the gardens
and terraces were 10 to 20 cm high. So there are no measured values of deposition amounts
available to compare the model results with. Additionally, the applied rain event is just an
approximation to the real event. For these reasons the absolute deposition amounts of the
simulation results cannot be evaluated quantitatively. Nevertheless considering the
information given by the residents the model predictions should be analysed with regards to
plausibility.

7.1 Results
At the nine places indicated in Figure 21 erosion and deposition, as predicted by the different
simulation runs, are compared.

Figure 21: Sample locations for modelled erosion / sedimentation values
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The sample locations are selected where especially high depositions occurred during the
inundation event in 2004. Those places coincide with locations where the DEM3 simulation
run predicts very high sedimentation. Figure 21 shows the sample locations on the land use
map. Each mark is located in a specific raster element. In the modelled results of the different
simulations the values of these raster cells are compared (Table 6). The first and most
obvious observation of the modelled results is that the deposition amounts on the selected
raster cells are extremely high for some simulation runs. The second observation is that the
values highly differ between the simulations for one point. It ranges from erosion (negative
values) to extremely high depositions in one and the same place. Reading the table in a
horizontal direction it can also be seen that the deposition amounts highly vary between the
different places, although theoretically all places are selected because of the high amount of
depositions observed during the real inundation event.

Table 6: Erosion / Sedimentation on selected sample sites (compare Figure 21)
Erosion / Sedimentation [kg/m²]
1

2

3

4

5

6

7

8

9

DEM1

20.2

-125.8

-604.3

0.0

0.0

-0.1

-0.5

-5.1

-9.3

DEM2

6.0

-64.5

-694.2

0.0

0.0

-0.6

-1.1

-5.8

-15.5

DEM3

3,239.6

114,061.0

288.2

10,897.9

67.1

57,541.6

2,317.1

DEM4

55,400.0

-28.0

-6.7

40.3

0.0

-1.1

21.3

0.0

0.0

LT1

649.8

22,691.1

210.1

4,425.5

815.2

21.8

0.0

5,860.7

553.9

LT2

281.2

9,767.7

653.5

2,785.0

374.7

6.4

0.0

311.1

265.9

LT3

6,649.4

1,471.5

205.5

538.1

840.3

0.8

845.7

-1.8

48.5

M1

3,359.6

36,035.5

3,004.2

22,253.3

0.0

1.4

-0.2

1.0

-0.1

M2

3,239.6

114,061

288.2

10,997.7

3,164.1

32.4

13.5

171,190.5

296.5

M3

3,239.6

-16.0

5.7

10,897.9

3,659.5 160.6

10.5

1,452.3

-0.3

CONS

1,505.7

20,137.0

288.2

312.3

0.0

160.6

31.1

18,992

-0.7

2007

1,271.0

248.6

285.1

443.1

36.1

160.6

42.7

3,050

-0.6

2009

27.5

103.9

285.1

28.0

10.8

160.6

26.1

54.9

-0.4

3,666.8 160.6

To obtain a better idea of what the modelled deposition values would represent in reality it
is helpful to calculate the height of the depositions. For this purpose the bulk density of the
sediments must be known. As the sediments in Oberlungwitz have not been examined the
bulk density can only be estimated. TAKKEN et al. (1999) measured the bulk density of the
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sediments for their investigated case. The results range between 1380 kg/m³ and 1450 kg/m³
and the average is 1400 kg/m³. As there is no better information available this bulk density
can be used to estimate the height of the sediment deposits in Oberlungwitz. Table 7 lists the
calculated sediment height at the same sample points as shown in Table 6.

Table 7: Height of sediments on selected sample sites (compare Figure 21)
Erosion / Sedimentation - height [cm]
1

2

3

4

5

6

7

8

9

DEM1

1.4

-9.0

-43.2

0.0

0.0

0.0

0.0

-0.4

-0.7

DEM2

0.4

-4.6

-49.6

0.0

0.0

0.0

-0.1

-0.4

-1.1

DEM3

231.4

8,147.2

20.6

778.4

261.9

11.5

4.8

4,110.1

165.5

DEM4

3,957.1

-2.0

-0.5

2.9

0.0

-0.1

1.5

0.0

0.0

LT1

46.4

1,620.8

15.0

316.1

58.2

1.6

0.0

418.6

39.6

LT2

20.1

697.7

46.7

198.9

26.8

0.5

0.0

22.2

19.0

LT3

475.0

105.1

14.7

38.4

60.0

0.1

60.4

-0.1

3.5

M1

240.0

2,574.0

214.6

1,589.5

0.0

0.1

0.0

0.1

0.0

M2

231.4

8,147.2

20.6

785.6

226.0

2.3

1.0

12,227.9

21.2

M3

231.4

-1.1

0.4

778.4

261.4

11.5

0.7

103.7

0.0

CONS

107.5

1,438.4

20.6

22.3

0.0

11.5

2.2

1,356.6

0.0

2007

90.8

17.8

20.4

31.6

2.6

11.5

3.0

217.9

0.0

2009

2.0

7.4

20.4

2.0

0.8

11.5

1.9

3.9

0.0

Several of the simulated depositions reach to be two to five meters high. The most extreme
value is to be found at sample point number 8 with the M2 simulation. In this case the
modelled depositions would reach 122 m.

The two simulation runs with the unmodified DEMs (DEM1 and DEM2) show the lowest
deposition values. In most of the sample sites material is eroded and not deposited.

Also the simulation run DEM4 with the 1.5x1.5 m raster shows erosion in turn of
sedimentation on several of the observed raster cells. Only on sample point 1 an extreme
amount of sediment is deposited.
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The long term simulations predict depositions on the sample locations which are generally
reduced in comparison with the DEM3 simulation. But there are also some exceptions: at the
sample point 1 the LT3 simulation predicts higher depositions than the DEM3 simulation, on
sample point 3 it is the LT2 and on sample point 7 the LT3 simulation that exceeds the
predictions of the DEM3 simulation. There is no trend discernable between the different
separation steps of the rain event. On each point highest and lowest deposition are predicted
by different simulation runs.

The introduction of the ditch alongside the Erlbacher Strasse protects the gardens from
sedimentations. This is also shown on the sample points. Those inside the gardens and on
the street (points 5 to 9) show little deposition or erosion. On the other hand extremely high
amounts of sediments are deposited on the first four points.

The M2 simulation with the elevated gateways shows the same depositions for the first three
sample points as the DEM3 simulation. On sample point 8 (Wiesenweg) the depositions are
higher than in DEM3, but all the other locations have lower deposition values.

On the M3 simulation the predictions for the western sample points (1 and 4 to 6) are the
same as in the DEM3 simulation while the other points show reduced sedimentation.

The three variations of landuse (CONS, 2007 and 2009) show reduced sedimentation values
in comparison to the DEM3 simulation. But the depositions are not reduced in the same way
at the different locations: at most points the CONS simulations show the highest values, but
on sample points 4, 5 and 7 it is the 2007 simulation with the highest value. On sample point
6 depositions remain the same with the three simulations.

7.2 Discussion
The observed total amounts of depositions that are predicted by the simulations are far
beyond comprehensive values. The problem is that the selected sample points just represent
single raster cells. While these raster cells have unacceptably high deposition values, the
neighbouring raster cells generally show very different amounts of sediments or in some
cases even erosion. That is why the observation of some single raster cells does not allow to
draw conclusions as to the total amount of sediments deposited inside the settlement. But
still the above displayed values depict a major problem of the applied method for deposition
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modelling: the sediment accumulations are too concentrated on single raster elements and
do not spread over the complete area where the depositions are supposed to take place.

The deposition patterns match very well in with the observed patterns, which means that the
sedimentation happens in those places where it is supposed to be. Still it is pointed out in
chapter 5, that the depositions do not uniformly spread in the areas which they should cover.
Additionally it is shown in chapter 7.1 that the depositions are highly inconsistent when
looking at single raster cells. A possibility to reduce this effect would have been the option of
long term simulations as the modulation of the DEM could lead to a more uniformly
distributed sedimentation. Table 6 and Table 7 show that the deposition values are generally
lower (with some exceptions) than those of the DEM3 simulation run, but still they are too
high to be reliable. The three long term simulations do not show any enhancement of the
modelling results. There is also no trend detectable as to say that one of the rainfall divisions
produces the lowest deposition values.

The values of the three DEM modifications (M1 to 3) match the observed deposition patterns.
In the M1 simulation the ditch protects the area inside the settlement and reduces the
deposition on those sample points to negligible values. The gateway scenario (M2) slightly
reduces the sedimentation inside the gardens while most of the other points remain
unaffected. Only the point in the street in front of one gateway (number 8) shows a higher
value because less sediment flows into the garden and more sediment remains on the street.
The modifications of the M3 simulation mainly influence the values of the eastern sample
points, while the western points are unaffected. This is due to the fact that the rills, modelled
into the DEM, drain the water from the south eastern part of the field into the wheat field,
while the smaller amount of runoff coming from the south west is not influenced by this
measure.

It is probably the performed structure modifications of the DEM that leads to the extremely
high deposition values. The simulation runs with the unmodified DEM do not produce such
unacceptably high values.

The problem may also be due to the small scaled raster size. V. WERNER (1995) studied the
influence of the raster size on the modelling results of EROSION 3D. He found out that with
decreasing raster size the net erosion of the studied watershed increased considerably. The
smallest raster size he applied was 2.5x2.5 m. The net erosion from this raster size nearly
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doubled compared to a 5x5 m raster. He assumes that this might be due to the accumulation
of runoff. While on large raster cells the runoff is spread over the whole area of the raster
element, in the particular case of this study the runoff concentrates on only 1 m width. The
accumulation of runoff is further amplified through the modifications of the DEM. The
increased runoff leads to increased erosion and sediment loads which are also deposited on
the small areas defined by the raster cells.
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8

Outlook and Conclusion

The main purpose of this study is to simulate the occurred inundation event in Oberlungwitz
May 2004. It turned out, that it is possible to predict the deposition patterns inside the
settlement with the model EROSION 3D, but only if the input data is scaled down to a 1x1m
raster and anthropogenic constructions are considered in the topography. With the applied
method of modelling the elements of a settling area into a DEM the model EROSION 3D
predicts the sediment depositions at those places where they were reported to have taken
place during the real event of May 2004. It is also possible to identify the area that
contributes through its runoff to the inundation of Oberlungwitz. Without the structure
modifications of the DEM it would not be possible to explain the occurred inundation of the
Hennysiedlung in 2004 because the area that drains into the settlement would just be too
small. In turn, when the elements of the settling area are included in the DEM it can be
shown which part of the upslope area contributes to the inundation. In this case it turns out
that a large part of the corn field drains into the direction of the Hennysiedlung, but no other
areas are included. Not only the inundation but also the distribution of sediments can be
reliably modelled. The simulated deposition patterns of the 2004 inundation event
correspond very well with the reported observations of the residents.

The evaluation of off-site erosion protection measures shows very good and comprehensible
results, underling the observation that the applied method is very well applicable to model
deposition patterns in dependence of small scaled objects in the landscape. It can be revealed
whether a measure produces the desired effect or not as for example the tested simulation
case with the elevated gateways which shows no significant enhancement of the inundation
risk for the properties. Furthermore the evaluation of on-site protection measures works
very well applying the developed method. The amount of sediments in the settling area is
diminished, although the deposition patterns are not significantly affected.

In this study the effects of three off-site measures are simulated. It turned out, that the ditch
that once existed alongside Erlbacher Strasse was the best protection for the Hennysiedlung.
Due to the simulation results the ditch was able to carry the runoff of a 50 year rain event
and drain it to the Lungwitzbach without any harm to the Hennysiedlung. As this ditch has
been removed other protection measures have to be considered. It turned out, that a land use
change of the concerned field will significantly reduce the inundation risk for the
Hennysiedlung. A conservative tillage practice reduces the runoff of the field, but even more
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important is a dense crop cover. As shown wheat in combination with conservative tillage is
an adequate cultivation for this field. Of course other crops that similarly cover the soil will
have a comparable effect, but crops as corn or potatoes should be avoided even though
conservative tillage is applied. The simulations also include a grass cover of the field. But
although this option produces the smallest erosion on the field, the difference to winter
wheat cultivation with conservative tillage is not that significant as to justify this measure. In
addition to the adequate crop management on the field it could be considered to find a way
to drain the runoff crossing the path into the adjacent field as for example the described two
ditches. According to the simulation results this measure would reduce the amount of water
that reaches the crossroads Erlbacher Strasse / Wiesenweg.

The developed method of modelling the anthropogenic structures into the DEM is very easy
to apply compared to the alternative of a detailed land surveying of the area. The problem is,
that to represent the small scaled objects of a settling area in the DEM and the land use map
it is necessary to apply a raster with at the most 1x1 m resolution. It is shown in this study
that a slightly enlarged raster with 1.5x1.5m already produces significant errors in the runoff
and deposition patterns. Nevertheless this small raster size of 1x1 m yields a problem: The
deposition values that are predicted for single raster cells are unreliably high. While on some
raster elements depositions of several meters occur, on neighbouring cells few or no material
is deposited. It would have been a chance to apply the long term simulation method to
reduce this effect. But the simulation results show that the expected enhancement of the
deposition patterns as well as for the absolute deposition values on the raster cells is not
achieved through this method. For adequate modelling of the depositions caused by flash
floods it will be necessary to diminish the inconsistency of the depositions. That will be the
most challenging task for further research.

In the future further attention should be given to depressions that exist in the landscape. In
settling areas ponds may play an important role as sediment sinks. EROSION 3D contains a
sub model for reservoirs (v. WERNER, 2005b). But that model requires a certain output
location of the sink (defined by at least one raster cell) where the water flows out at a special
rate. This output has also to be defined as stream cells. As the water does not leave a garden
pond at a certain location nor does it leave the pond as a stream, it is rather difficult to apply
this sub model without modifications. Finding a method to apply this model for garden
ponds or modifying this model to fit the required conditions would certainly improve the
modelling results.
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This study focuses on the influence of the DEM on the modelling results. But further
investigations should also pay more attention to the soil parameters. Although a lot of the
required model parameters exist for cropped areas (MICHAEL, 2001) these parameters are
only described for few anthropogenic soil covers like different kinds of paths or gardens.
More experimental investigations could lead to a better description of the soil characteristics.
It should also be considered whether some of the required parameters could be obtained by
other sources. In the past years different attempts have been made to derive soil parameters
from remote sensing data. KLISCH (2003) developed a method of obtaining a value for the
soil cover especially for the EROSION 3D model out of Landsat images and HAHN &
GLOAGUEN (2008) used Aster images to classify soil types in the Erzgebirge.

Comparing the results of this study to the few other attempts to model surface depositions
(compare chapter 2.2.3) this method is the only one that reliably predicts deposition patterns
in a small scaled structured environment as a settling area. Nevertheless this study reveals
also the big problem of this modelling approach: the total amount of sediments is not
adequately predicted. TAKKEN et al. (1999) who performed the modelling approach that is
most similar to this study, did not have this problem. But they applied a larger raster size of
10x10 m and did not consider anthropogenic changes of the landscape with the result that
the total amount of sediments could be simulated by the LISEM model, but the locations,
where deposition were predicted did not correspond with the observations.

All in all, the method of surface deposition modelling developed in this study yields a good
possibility to predict sediment deposition patterns inside settling areas. Of course it is only a
first attempt that requires further research for enhancement. But the approach has proved to
be easily applicable with good results as to the spatial deposition patterns of the runoff and
sediment distribution. With some further development in the above discussed problems it
will become an adequate tool for the risk assessment of flash floods in residential areas. And
also protection measures can be evaluated with respect to their effectiveness.
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FIGURE A 6: PHOTO OF WIESENWEG IN DIRECTION OF VATER-JAHN-STRASSE WITH DRIED
SEDIMENTS ON THE STREET (PROVIDED BY FAMILY HERMSDORF)
63
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Figure A 1: Detailed position plan of the Hennysiedlung with street names
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Figure A 2: Photo of Erlbacher Stasse in direction of the field with protection measures
after the first inundations (provided by family Hermsdorf)

Figure A 3: Photo of Wiesenweg in direction of the field taken after inundation (provided
by family Hermsdorf)
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Figure A 4: Photo of gateway on Wiesenweg taken after inundation (provided by family
Hermsdorf)

Figure A 5: Photo of garden after the innunation (provided by family Hermsdorf)
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Figure A 6: Photo of Wiesenweg in direction of Vater-Jahn-Strasse with dried sediments
on the street (provided by family Hermsdorf)

Figure A 7: Photo of the path in direction of the crossroad Erlbacher Strasse / Wiesenweg
taken after the first inundations (provided by family Hermsdorf)
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Figure A 8: Photo of Erlbacher Stasse in direction of the field taken during the first
inundation May 10th (provided by family Espig)

Figure A 9: Photo of Erlbacher Stasse in direction of Anton-Günther-Weg taken during the
first inundation May 10th (provided by family Espig)
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Table A 1: Soil sample pre-preparation
Projekt:

Oberlungwitz

Bearbeiter: Annika Arévalo

ProbenNr.

Gesamt+Tara
[g]
Tara [g]

Gesamt
[g]

Datum:

Tara
Tara
<2mm [g]
<2mm [g]
Weithalsdose Weithalsdose ohne
mit
>2mm [g]
>2mm [g]
[g]
[g] + <2mm
Zuschlag ungewaschen gewaschen Zuschlag Zuschlag

18.09.2008

> 2mm in < 2mm in
% von
% von
Gesamt Gesamt

OL_U

1634.97

229.06

1405.91

60.04

843.24

783.20

622.28

266.35

355.93

1139.13 18.94502 81.0243899

OL_M

1796.44

230.10

1566.34

61.58

949.41

887.83

676.62

227.41

449.21

1337.04 14.51856 85.3607774

OL_O

1785.9

227.50

1558.40

63.53

837.33

773.80

783.81

421.71

362.10

1135.90 27.06045 72.8888604
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Table A 2: Determination of the grain size distribution > 2 mm (gravel, 2 - 63 mm)
lfd. Nr.

Proben-Nr.
Labor-Nr.
1 Tara [g]

OL_U

OL_M

229.06

230.10

227.50

Einwaage+Tara[g]
2 ungewaschen
1 Tara [g]

851.34
228.19

906.72
227.04

1011.31
229.43

Einwaage+Tara[g]
2 gewaschen
3 Tara [g]
4 gG+Tara [g]

494.54
228.22
228.22

454.45
227.05
227.05

651.14
229.66
359.42

5 Tara [g]

228.22

227.05

359.42

6 mG +Tara [g]

342.52

336.77

503.48

7 Tara [g]

342.52

336.77

503.48

8
10
11
12
13
14
15
16
17
18
19
Gesamtprobe:
21
22
23
24
25
26
27

OL_O

fG+Tara [g]
G [% d. Einwaage]
G [g]
gG [g]
mG [g]
fG [g]
< 2 mm [g]
gG [%]
mG [%]
fG [%]
Summe [%]

493.59
18.95
266.35
0.00
114.30
151.07
1139.56
0.00
42.91
56.72
99.63

454.04
648.68
14.52
27.06
227.41 421.71
0.00
129.76
109.72 144.06
117.27 145.20
1338.93 1136.69
0.00
30.77
48.25
34.16
51.57
34.43
99.82
99.36

Tara [g]
lutro+Tara [g]
lutro [g]
gG [%]
mG [%]
fG [%]
Summe [%]

229.06 230.10 227.50
1634.97 1796.44 1785.90
1405.91 1566.34 1558.40
0.00
0.00
8.33
8.13
7.00
9.24
10.75
7.49
9.32
18.88
14.49
26.89
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Table A 3: Determination of the grain size distribution < 2 mm
Projekt:
Analysendatum:
Bearbeiter:
lfd.Nr.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Proben-Nr.
Tara (Wägeschälchen) [g]
lutro+Tara [g]
org.Sub. [M.%]
CaCO3 [M.%]
Tara (Sieb 63µm) [g]
S + Tara [g]
Tara (Sieb 630µm) [g]
gS + Tara [g]
Tara (Sieb 200µm) [g]
mS + Tara [g]
Tara (Sieb 63µm) [g]
fS + Tara [g]
Aliquot Pipette: [ml]
Tara (Wägeschälchen) [g]
Labor-Nr. (Wägeschälchen)
< 63 µm+Tara [g]
Tara (Wägeschälchen) [g]
Labor-Nr. (Wägeschälchen)
< 20 µm+Tara [g]
Tara (Wägeschälchen) [g]
Labor-Nr. (Wägeschälchen)
< 6,3 µm+Tara [g]
Tara (Wägeschälchen) [g]
Labor-Nr. (Wägeschälchen)
< 2 µm +Tara [g]
Salzabzug [g]
Bestimmung Wassergehalt
Tara (Wägeschälchen) [g]
lutro o.V.+Tara [g]
atro o.V.+Tara [g]

Oberlungwitz
Annika Arévalo

Probenaufbereitung (ankreuzen):
H2O2
HCl

kochen H2O
Na4P2O7
Ultraschall X

OL_U
33.0756
58.3930
4.5152

OL_M
37.2344
62.5245
4.4979

OL_O
33.3970
58.4240
3.2808

OL_U
33.0762
58.8122
4.5152

OL_M
37.2350
62.5655
4.4979

OL_O
33.3986
59.0760
3.2808

170.38
180.62
330.43
334.10
287.80
291.72
284.04
286.60

170.59
181.66
330.44
334.18
287.82
292.06
284.08
287.09

170.57
181.09
330.46
335.01
287.82
292.22
284.08
287.82

170.37
181.09
330.46
334.31
287.83
291.96
284.10
286.76

170.39
181.66
330.43
334.60
287.83
291.98
284.12
286.99

170.44
181.67
330.43
334.29
287.84
292.10
284.15
287.17

35.3400
T43
35.5074
32.1358
T49
32.2226
33.9222
T55
33.9616
31.1564
T61
31.1642
-

36.6710
T42
36.8284
32.4540
T48
32.5446
36.5940
T54
36.6370
29.0143
T60
29.0327
-

31.3764
T41
31.5114
33.1968
T47
33.2800
31.7946
T53
31.8386
35.1250
T59
35.1458
-

32.9260
T44
33.0924
31.9680
T50
32.0548
36.8364
T56
36.8738
34.2314
T62
34.2388
-

36.4784
T45
36.6334
35.2580
T51
35.3482
32.3534
T57
32.3966
31.4274
T63
31.4454
-

35.8408
T46
35.9974
34.0152
T52
34.1066
30.4294
T58
30.4724
37.0434
T64
37.0606
-

47.8160
72.9705
72.7035

52.7594
78.5030
78.1200

50.8238
76.7695
76.4905
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Table A 4: Complete soil-parameter-file
POLY_ID
grass
garden
forest
house
street
path
hecke
water
bush
parking
terrace
pavement
field
earth
corn_convent
corn_cons
ww
wwc
wg
wgc

LAYER_ID
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

LAYERBLKROUGHSKINTHICK
FT MT GT FU MU GU
FS
MS
GS
DENSITY CORG INITMOIST ERODIBIL NESS
COVER FACTOR
1000000 0
0
5
9
17
24
12
17
16
1300
2.4
39
0.03
0.3
90
10
1000000 0
0
5
9
17
24
12
17
16
1300
2.4
39
0.03
0.5
90
10
1000000 0
0
5
9
17
24
12
17
16
1000
2.4
39
0.1
0.9
100
18
1000000 0
0
5
9
17
24
12
17
16
2600
2.4
15
1
0.9
100
100
1000000 0
0
5
9
17
24
12
17
16
2600
2.4
15
1
0.011
100
0.01
1000000 0
0
5
9
17
24
12
17
16
2000
2.4
39
0.002
0.02
30
2
1000000 0
0
5
9
17
24
12
17
16
1100
2.4
39
0.08
0.3
100
16
1000000 0
0
5
9
17
24
12
17
16
2600
2.4
100
1
1
100
100
1000000 0
0
5
9
17
24
12
17
16
1100
2.4
39
0.08
0.9
100
18
1000000 0
0
5
9
17
24
12
17
16
2600
2.4
15
1
0.011
100
0.01
1000000 0
0
5
9
17
24
12
17
16
2600
2.4
15
1
0.011
100
0.01
1000000 0
0
5
9
17
24
12
17
16
2600
2.4
15
1
0.011
100
0.01
1000000 0
0
5
9
17
24
12
17
16
1300
2.4
39
0.001
0.044
0
0.3
1000000 0
0
5
9
17
24
12
17
16
1320
2.4
39
0.0006
0.044
0
1.2
1000000 0
0
5
9
17
24
12
17
16
1320
2.4
39
0.0009
0.015
2
1.3
1000000 0
0
5
9
17
24
12
17
16
1400
2.4
39
0.002
0.023
2
15
1000000 0
0
5
9
17
24
12
17
16
1480
2.4
39
0.003
0.016
60
1.3
1000000 0
0
5
9
17
24
12
17
16
1480
2.4
39
0.005
0.043
60
15
1000000 0
0
5
9
17
24
12
17
16
1490
2.4
39
0.004
0.023
74
1
1000000 0
0
5
9
17
24
12
17
16
1490
2.4
39
0.006
0.05
74
15
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