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ABSTRACT
This study investigates paleo drainage systems in the Baruth Ice-Marginal Valley. The Hammerfliess is the
main stream in the research area. In the 1970s the Hammerfliess was canalized for agricultural purposes.
Sustainable water and land management are important to preserve the fluvial landscape. Nevertheless,
after the canalization forestry and nature conservation have experienced negative effects due to a change
in water balance. Therefore, stream restoration projects have been started to make the river flow
naturally and enhance nature conservation, by raising the stream bed and broaden the stream width.
However, the projects did not take paleo rivers into account. While paleo rivers are the original stream
flow and have the lowest elevation in the area, they could have great effect on the fluvial landscape.
Koning (2017) has investigated the paleo drainage system and has mapped the Hammerfliess. However,
the map could be made more detailed between Baruth and Paplitz. Hence, a more detailed 0.5m DEM is
derived from the available LiDAR data in the study area. With the use of hydrology tools in ArcGIS pro
parts of the former flow path and the paleo drainage system of the current Hammerfliess between Baruth
and Paplitz are mapped. By comparing the paleo drainage system to the stream restoration project,
improvements are identified and nature conservation can be enhanced. Additionally, a geomorphological
map is created on micro, meso, and macro level. The map is based on the legends of Pachur & Schulz
(1983) and Frank (1987) and the legend of the map developed by the FPS BSc students in the Spring of
2020 (Geskus, 2020; Luimes, 2020; de Nobel, 2020; Romar, 2020; Schadee, 2020; Zuidervaart, 2020).
Due to technological innovation, among which tools in ArcGIS pro and LiDAR data, the map is made more
detailed and up to date. The results show several improvement areas of the restoration project, where
the hydrology map of the area suggests an alternative flow path outside the Hammerfliess stream. The
several alternative flow paths correspond partially to paleo river streams which are identified with
orthophotos and drone photos. However, due to limitations in the dataset and the hydro tools and
therefore the hydrology map the paleo drainage system could not fully be mapped. Therefore, the LiDAR
dataset is propound to be moderately useful in this research.
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INTRODUCTION
The understanding of the regional palaeohydrology is important for fluvial landscapes. Change in
hydrologic processes can affect the environment severely. To be able to effectively maintain the area,
change the land use without effecting the environment and endeavor restoration projects, using prehistoric analogies can be useful (Kaiser et al., 2012) .
In this research, the Central Baruther Urstromtal is investigated, an ice-marginal valley (fluvio-glacial
valley) in southern Brandenburg, Germany. The research is focused on the area between Baruth and
Paplitz. This area has a glacially affected environment, leading to a diverse variety of morphological
features and aeolian formations ( de Boer, 1992). Juschus (2001) describes the area as a young moraine
land with a mosaic of extensive meltwater runoffs and plateaus. Moraines, sanders and a fluvial landscape
including dunes were created. Currently, the Hammerfliess is the main stream in the Central Baruther
Urstromtal. There is investigated if the (pre-)historic analogies can be useful for the identification of a
paleo drainage system. With the use of a hydrology map, an aspect map, a hill shade map, orthophotos,
CIR images and LiDAR data, there is investigated if the paleo drainage system, called the ‘Golia’, can be
identified. By searching for small depressions in the elevation and determining the lowest area, assuming
that water flows to the lowest area, the paleo drainage system can theoretically be identified.
From the original Golia stream, the Hammerfliess stream was created in 1750 (Bratring, 1804). In the
1970s the stream was canalized to run straight, to enhance the productivity of the agricultural fields
(Bronstert, Itzerott & Lahmer, 2006). However, this caused water management issues and had a negative
effect on nature conservation. Therefore, in 2014 a stream restoration project started to make the
Hammerfliess river flow naturally to improve the biodiversity and water drainage in the Central Baruther
Urstromtal (Flächenagentur Brandenburg GmbH, 2014). In this research there will be investigated if the
stream restoration project took the paleo drainage system into account.
To be able to investigate the Baruther Urstromtal accurately, the area will be mapped. With a bachelor
research group of four students (Bakker, 2021; Gelderen, 2021; Melger, 2021; Wesselman, 2021) an
extensive geomorphology map of an area of 10 km (North-South) x 12 km (West-East) around the city of
Baruth is made. This map is added to the geomorphological map of the bachelor research group of 2020,
which is updated by the research group of 2021. Currently, there is only a less detailed geomorphological
map available of the study area from de Boer (1992), at a scale of 1:10.000. Therefore, a detailed
geomorphological map is created to enable further research in the area. Alongside, there are several
thematic maps of the area made with the use of ArcGIS Pro, version 2.8.0.. These include DEM with a
0.5m pixel size, hydrology, aspect, slope, contour, and hill shade maps. With the use of these maps,
further research can be conducted.
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Relevance
De Boer (1992) has made a geomorphological map describing geomorphological landforms and processes
in the Central Baruther Urstromtal. However, new technologies such as ArcGIS Pro and LiDAR data could
improve the map by making it more detailed and digitized. By exploring the study area with the new
technologies, the legend of Frank (1987) of this study area could be improved as well (Schadee, 2020).
With the use of the new map, further research in the study area can be conducted.
Next to that, the research is conducted completely remote with the use of web services, scanned maps,
digital available literature and LiDAR data. LiDAR is an effective tool, while even small scale fluvial systems
could be easily identified due to the high resolution. Considering, LiDAR has an advantage towards
observations during fieldwork, while small elevation differences of a few decimeters can be found easily
because LiDAR is not limited by vegetation. Therefore, paleo drainage systems can be found. (Koning,
2017)
The Hammerfliess has many hydrological problems (Palmes, 2005). In the summer months, the upper
reaches even fall dry. However, current methods show sufficient drainage in winter. (Kaiser et al., 2010) In
comparison, the Horstgraben stream, flowing south of and parallel to the Hammerfliess, shows better
drainage and contains water all year round, due to the better connection to the groundwater. Therefore
there are more balanced flow dynamics. While the area is very flat, a small change can have a large effect
on the water balance. There is river bed elevation to enhance meandering and swamp forest areas
applied. Local residents confirmed that the biodiversity has indeed improved around the riverbed (Kaiser
et al., 2010, p. 155). However, the Hammerfliess still falls dry in summer (Boone, 2017). Therefore,
research with a different approach is needed to find new solutions to the water problems.
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Research question
For this research there are two main research questions described:
•

What are the characteristics of the paleo drainage system near Baruth – Paplitz?

•

How does the found paleo drainage system near Baruth - Paplitz correspond to stream
restoration projects of the Hammerfliess in the Baruther-Urstromtal?

The following sub-question are created to be able to correctly answer the research questions:
•

To what extend can the geomorphology map of de Boer (1992) be amplified with the use of
ArcGIS pro and LiDAR data between Paplitz and Dornswalde in the Baruther-Urstromtal?

•

To what extend can the paleo drainage system of the Hammerfliess stream be identified with the
use of LiDAR data?

•

How did the stream restoration project effect the nature conservation around the Hammerfliess
near Baruth – Paplitz?
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THEORETICAL FRAMEWORK
LiDAR data
LiDAR is an abbreviation of Light Detection and Ranging technology. Due to several innovations in the
technology of the airborne LiDAR the technology is used more widely, costs less and is quicker than in the
past (Zhang et al., 2003). LiDAR exists of an airborne point cloud derived with a plane sending laser pulses.
With the measurements of the return time and amplitude from the reflected laser pulsed a point cloud is
generated and an area can be visualized. The method gives a very detailed image of the area. (Challis,
Carey, Kincey & Howard, 2011). The LiDAR has a benefit over other technologies due to the fact that
different features can be classified easily and separated or removed, such as trees, buildings, bridges and
roads. When non-ground features are removed a DTM can be created.
Tasseron (2017) has been able to identify several micromorphological features in the study area between
Paplitz and Baruth with the use of LiDAR data. However, the study has mostly identified historic features
and archaeological features with the use of hill-shade maps of LiDAR -derived DEMs. By manually
exploring the study area there is expected that more micromorphological features can be found and
mapped in detail.

Paleo river reconstruction
Koning (2017) has attempted to reconstruct the paleo river ‘Golia’. However, the research was only
partially effective due to several reasons. Firstly, due to anthropogenic influence, such as extensive
agricultural practices, the paleo river was ‘faded out’. By ploughing the area repeatedly and leveling the
agricultural fields not all of the former stream flow can be found with a DEM only. Therefore fieldwork is
necessary to research the soil. However, in forested areas not much affected by humans the paleo
drainage system can be found and mapped. Next to that, when a river is not canalized it will naturally
branch in flat areas. Therefore, in the flat fluvial landscape of the Baruther Urstromtal, not only one single
stream can be identified.

Cross-sections
Due to the fact that LiDAR is an airborne point cloud a cross section can be made to better understand the
area. By making a profile graph of a selected area on a DEM derived from LiDAR data geometrical
characteristics of the selected area can be visualized and parameters can be calculated. With this method
cross-sections of a (paleo or active) stream can be visualized.

Stream restoration
The Hammerfliess is the main stream of the Baruther glacial valley. It flows from Baruth through the icemarginal valley from east to west and flows into the Nuthe. Originally, the flow looked like a small river,
meandering through the landscape. However, in the 1970s, the Hammerfliess was adjusted to run
straight, for agricultural purposes (Bronstert, Itzerott & Lahmer, 2006). Taking this into consideration,
concern for nature conservation has been increased due to the adjusted water balance by canalizing the
Hammerfliess (Palmes, 2005). While the stream is important for lowland areas and nature conservation,
measures have been taken (Landesumweltamt Brandenburg, 2004). From mid-October 2013 to June
2014, a stream restoration project started, where the Hammerfliess was given space to flow naturally. For
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this purpose, all dams were removed, the river bed raised over a length of four kilometers and the water
dynamics stimulated by flow obstacles. In two places, the flow path was extended by new water loops,
which also created new biotope structures. The stream is now able to meander. Next to that, replacement
floodplains are created to increase retention capacity. In peak flows due to extreme weather conditions
the floodplains are flooded. Another positive effect is return of biodiversity and more fertile soil around
the stream bed. (Flächenagentur Brandenburg GmbH, 2014) However, the project does not seem to be
focused on paleo river features and hydrology in the study area. The project is mostly focused on making
the existing canalized Hammerfliess able to meander or on making it look more natural. Due to
adjustments such as raised river beds the river falls dry several times per year. (Boone, 2017) Next to that,
human alteration of the fluvial landscape could have a damage risk on the ecology, chemical composition
of the water and the soil by altering the fluxes of water (Hoffman et al., 2010; Koning, 2017). While there
are positive effects from the stream restoration projects on the nature conservation found (Förderverein
Naturpark, 2016), the nature conservation could be improved. By studying at the natural water flow, thus
the paleo river, new insights can be given to water management in the study area.

Figure 1: Hammerfliess canalized, Förderverein Naturpark
(17th June, 2016).

Figure 2: Hammerfliess after stream restoration, Förderverein
Naturpark (17th June, 2016).
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RESEARCH AREA
The area where this research is conducted is the Baruther Urstromtal, or Baruth Ice Marginal Valley. The
area is located approximately 60 km south of Berlin, in Brandenburg, Germany (Figure 3 / Appendix A).
The research is mainly conducted in the area between Baruth and Paplitz, situated east of the yellow area
(figure 3). The geomorphological map from the yellow and red area combined is made. The red area is the
area mapped in 2021. The yellow area is the area mapped in 2020, which is adjusted and improved.
The area has a fluvio-glacial genesis in the Saalian and Weichselian Late Glacial (Figure 4). When the
glacier melted, a sander (an alluvial fan with finer material) has formed in the northern part of the
Urstromtal. The sander has a relatively poor, dry, sandy soil. Therefore it is mostly forested. The southern
area is a moraine, with coarser material propelled by the glacier. The Urstromtal is a fluvial area
containing mostly agricultural fields and man-made channels (de Boer, 1995; Koning, 2017). The area
around the Nuthe, and therefore around the side stream the Hammerfliess as well, is a protected area by
the Umwelt ministerium under the Natura 2000 protection plan, and therefore is in need of monitoring
for maintenance and preservation (Thiele, 2011).

Figure 3: The research area. In black the area in of which LiDAR data is available is displayed. This area contains the
yellow and red area as well. In yellow the research area of 2020 is displayed, used for the geomorphological map. In
red the research area of 2021 is display ed, from which a new geomorphological map is created . The Hammerfliess
flows through the whole area in blue.
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The Hammerfliess has its source in Baruth. From Baruth the stream flows Northwest along Paplitz,
Horstwalde, Schönefeld, Gottow and Scharfenbrück. Near Luckenwalde the stream intersects with the
Nuthe river.

Figure 4: Fluvioglacial landscape formation. The southern area contains the old moraine area and the northern area
contains the young moraine area. The areas are separated by the Central Baruther Ice-Marginal Valley or Urstromtal.
There has been made a difference between the terminal moraine (Endmoräne) and the ground moraine
(Grundmoräne). (Wagenbreth,2014)
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METHODS
Literature research
A literature study is firstly conducted to understand the former flow of the historical drainage system of
the Hammerfliess in the Baruth Ice-Marginal Valley in Brandenburg, Germany. This can be used to identify
already found locations of the stream within the fieldwork area. For this research, the research of Koning
(2017), Boone (2017), and Tasseron (2017) are used, while these researchers already found a large part of
the paleo drainage system of the Hammerfliess. However, while the available scientific research in the
area concerning the historical drainage systems is limited, further literature study will be conducted to
understand the method of identifying a drainage system with the use of LiDAR data. Next to that,
literature research will be conducted on the stream restoration projects since 2014 in the study area.

ArcGIS study area analysis
PART 1: GEOMORPHOLOGICAL MAP
Firstly, the geomorphological map is created with the use of ArcGIS Pro (version 2.8.0). The mapping is
based on the legends of Frank (1987) and Pachur and Schulz (1983), which are very extensive and can
provide ample options for the classification. The 30 LiDAR tiles studied in 2020 and the 30 LiDAR tiles
studied in 2021 are added together, creating an area of 55 LAS tiles (there is an overlap of 5 tiles). With
the use of the available spatial analyst tools in ArcGIS pro the DEM is created at a 0.5m pixel width, with
the use of the LiDAR data. Afterwards, from the DEM a slope map, hill shade map, aspect map and
contour map are derived. With the developed maps, color infrared images, aerial photos and orthophotos
the geomorphological map was created. The map is built on three levels: micro entails < 0.1 km2, meso <
1 km2 and macro > 1 km2. In appendix E the mapping, classification and symbology are further clarified.
For this research, the meso level, containing the hydrography and drainage ways of the area are the most
important.

Macro level
The macro level contains the main morphology of the Baruther Urstromtal. Firstly, with the use of Juschus
(2001), the DEM and the slope map the sander is mapped. Secondly, with the use of the DEM and the
slope map the ground moraine is mapped. The terminal moraine is mapped aided by the geological
overview map of Landkreis Teltow-Fläming (Appendix L). On the basis of the geological overview map of
Landkreis Teltow-Fläming, the aspect map and the slope map the fluvioglacial valley is mapped. Thirdly,
with the use of satellite imagery, GÜK-100 Teltow flaming (Appendix L), the aspect map and the DEM the
aeolian features, or dunes, could be mapped. Fourthly, the soil is mapped as well, as a new feature
compared to the map of 2020, by using the soil map ‘Bodenarten und Substrate’ (Appendix L). Lastly, due
to the fact that there are large anthropological features in the area which have a great effect on the area,
the wood production factory ‘Binderholz Oberrot’ and cities, these are mapped in the macro level as well.

Meso level
In the meso level, the hydrology is mapped. By using the DEM, the hill shade map, satellite imagery, and
the topographic map WMS BB-BE DTK10 Farbe all streams, lakes, agricultural streams and the
Hammerfliess were mapped. Then, on the basis of the DEM and the aspect map the dunes were mapped
in more detail and the valley and drainage ways could be mapped with the use of the contour map.
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Micro level
The micro level mostly shows smaller anthropological features and the dunes can be mapped in more
detail. Here a layer package has been used from Geofabrik (Appendix L) for the roads and the houses.
Only the main roads are mapped, omitting cycle paths and footpaths. An important element in the micro
level are the military features, such as tank trenches, bunkers, foxholes, relict charcoal hearts etc.. These
are found with the use of the DEM, hill shade map, and digitized maps.

PART 2: PALEO DRAINAGE SYSTEM
Koning (2017) has identified the paleo drainage system of the Hammerfliess between Baruth and
Luckenwalde. However, the map is not very detailed in the area between Baruth and Paplitz. To be able to
compare the stream restoration project with the paleo river features a more detailed map will be made
for the area near Baruth and Paplitz. With the use of a DEM in 0.5m resolution, derived from the LAS
datasets provided by the University of Amsterdam, the area can be mapped in more detail. By manually
exploring the area for small depressions, drainage systems could be found. With the use of the literary
research, orthophotos, the available maps and the DEM the paleo drainage system was mapped. Next to
that, more information on the paleo drainage systems can be found with the use of the 3D-Analyst tool in
ArcGIS Pro. Following, cross sections can be visualized by retrieving a figure from an input line feature
resembling the relief over that line. Thereafter, with the use of the literary research, orthophotos, Google
Earth, and the available maps, the stream restoration project will be mapped. By combining the maps of
the historical drainage system and the stream restoration project, the research question can be answered.
Mr. Dr. W. M. (Thijs) de Boer has provided drone images of 2017. By manually exploring the drone
images, detailed aspects of the landscape can be identified. By researching wetter areas in the landscape,
paleo rivers could be identified. Next to that, the stream restoration projects could be identified as well.

HYDROLOGY MAP
The hydrology map is created with the use of the LiDAR data. To make sure the roads, bridges and the
artificial streams have less impact on the hydro tools, a ground DEM is created. If this is not implemented,
the watersheds will be affected by the roads, which could potentially create errors in the hydrology map.
Workflow step
LiDAR dataset
Create ground DEM

ArcGIS Pro Tool
Make LAS dataset layer (Data
Analyst Tool)
LAS Dataset to raster
(Conversion Tools)

Fill

Fill (Spatial Analyst Tools)

Flow direction

Flow Direction (Spatial Analyst
Tools)

Flow accumulation

Flow accumulation (Spatial
Analyst Tools)

Point assigning

Snap pour point (Spatial Analyst
Tools)

Explanation
Combining the available LiDAR
tiles in a LAS dataset.
The new dataset is used to create
a digital elevation model (DEM)
only displaying the ground.
The fill tool fills small depressions
in the landscape until a
continuous flow is possible.
The flow direction is similar to
the aspect map. Each cell is
appointed a direction to the
downslope neighboring cell.
A raster is created for each
accumulated flow from the
previous upslope cell.
By assigning a point to the first
cell in the research area
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Watershed

Watershed (Spatial Analyst
Tools)

Hydrology map

Raster Calculator
Stream to feature

containing the stream flow, the
rest of the stream flow can be
recognized by raster calculator
tool.
Watershed creates a polygon
above the contributing cells to
one stream flow.
With the following calculation
the hydrology can be mapped:
Con( "FlowAccumulationground"
> 1000000,1)
By increasing the number the less
detailed the map will be.
With stream to feature the raster
will become a feature, where the
symbology can be adjusted.

Table 1: Workflow of the creation of the hydrology map. Each step taken (Koning, 2017)

Figure 5: D8 algorithm for the determination of the flow
path (Tong et al., 2021)

Figure 6: Illustration of the fill tool of ArcGIS
Hydrotools. Here it is visualized how depressions in
the landscape are filled until flow can occur
continuously. (Wang & Liu, 2006)
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RESULTS
Geomorphological map
In this section the resulting geomorphological map is shown. In figure 7 the geomorphological map with
all three levels is shown of the whole research area from 2020 and 2021. Appendix F contains the
geomorphological maps with the levels separated to be able to better view the map. In figure 8 the
legend is shown in a larger scale. Furthermore, in appendix E the legend is further elaborated.

Figure 7: Geomorphological map of the Baruther Urstromtal, created by the bachelor research group of
2021. Larger size and macro, meso and micro separated in appendix F. (Bakker, 2021; van Gelderen, 2021;
Melger, 2021; Wesselman, 2021)

Figure 8: Legend of the geomorphology map of the Bsc research group of 2021.
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STRIP 0 1 2
For this research, the research area between Paplitz and Baruth is most important, while the stream
restoration projects are located here near Paplitz. Concentrated geomorphological maps are created in
this area, containing research strips 0, 1 and 2.

Figure 9: Geomorphological map of the Central Baruther Urstromtal, created by the research group of 2021,
concentrated on the area between Paplitz and Baruth, containing all three levels macro, meso and micro. (Bakker,
2021; van Gelderen, 2021; Melger, 2021; Wesselman, 2021)
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Macro level
In figure 10 the macro level is shown. There has been chosen for making each macro feature a separate
shapefile, to be able to view overlapping geomorphological features and therefore being able to provide
more information in one map. The Sander is imaged in green, which could be distinguished by the higher
elevation and therefore in the slope map and DEM. This is confirmed by the geomorphology map of
Juschus (2001). The sander is a relatively large area in this region. In the Northeastern corner wetland of
the Teupitzer See is shown, influencing the landscape by having a lower elevation, being relatively flat and
having a lowland peat soil. South of the boundary of the sander, a clear difference is shown between the
more fertile soil of the fluvial zone, where agricultural fields are made, and the less fertile zone of the
sander where there is only forest. The fluvial zone of the Urstromtal has its highest elevation north, near
the sander. Here we could distinguish three terraces, mainly with the convolution tool of ArcGIS pro
(Gelderen, 2020). Southern of the fluvioglacial valley, there is the fluvioglacial erosive area, which is the
ground moraine, eroded by the rivers and streams in the fluvial area. Therefore valleys and drainageways
are partly shown as wel. The moraine is mostly ground moraine, defined as a till-covered area without
ridges and having finer material. However, in geological overview map of Landkreis Teltow-Fläming
(Appendix L) shows a difference in soil and therefore a few small areas of terminal moraine are mapped,
which is defined as a ridge at the end of the glacier with coarser material. In the Northwestern corner the
first accumulative aeolian feature is shown, a dune. The dunes are mostly parabolic dunes, but are
mapped in full on this level. The only anthropological features mapped on this level are the wood factory
(in red) and the cities and villages. This is due to the fact that they can be clearly distinguished in the DEM.
As an overlay the soil is added, based on the soil map of Brandenburg (Appendix L). Here a clear
difference is shown between the dunes, the Urstromtal, the sander and the moraines.

Figure 10: Geomorphological map on macro level of the Central Baruther Urstromtal, created by the research group of
2021, concentrated on the area between Paplitz and Baruth (Bakker, 2021; van Gelderen, 2021; Melger, 2021;
Wesselman, 2021). Appendix M
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Figure 11: Boundary between sander
and the urstromtal (fluvial zone),
picture made by W. M. de Boer, may
2015

Figure 12: Forest on the sander, picture
made by picture made by W. M. de Boer,
may 2015

Figure 13: Fluvioglacial sands
from the Saalian, picture
made by picture made by W.
M. de Boer, may 2015

Meso level
In the meso level hydrology and the parabolic dunes are mapped, next to valleys and small drainage ways.
For the hydrology, in the Northeastern corner the precise wetland of the Teupitzer See, is mapped. Next
to that every stream between the agricultural fields, the Hammerfliess and parts of found paleo rivers are
mapped. This is mostly based on the DEM and topographic maps. Then, based on the contour map the
drainage ways on the sander and ground moraine are mapped. An important feature is that the separate
dunes are mapped here as well, as an overlay. The main roads are added here as well, next to the train
rails to the wood factory.

Figure 14: Geomorphological map on meso level of the Central Baruther Urstromtal, created by the research group of
2021, concentrated on the area between Paplitz and Baruth (Bakker, 2021; van Gelderen, 2021; Melger, 2021;
Wesselman, 2021).
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Micro level
In the micro level two shapefiles are added, mapping the main roads, the roads and the houses. Next tot
that, the highest points of the parabolic dunes are mapped, the crest lines. An important feature here are
the military features, including the mapping of bomb craters, tank areas, tracks and borders. Mostly on
the Southwestern part of the map on the moraine bomb craters are found. This is near a military training
ground. Near the train rails Northeast on the map on the sander a Russian memorial can be found.

Figure 15: Geomorphological map on micro level of the Central Baruther Urstromtal, created by the research group of
2021, concentrated on the area between Paplitz and Baruth (Bakker, 2021; van Gelderen, 2021; Melger, 2021;
Wesselman, 2021).
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Paleo drainage system
HYDROLOGY
In figure 4 the hydrology of the area is visualized. The map shows that the fluvial landscape features do
have a large amount of branching. Next to that, the hydrology shows that the waterflow does not prefer
the Hammerfliess stream at all places, suggesting a higher elevation than neighboring areas. It is clear that
the water flows from east to west, from the higher elevation of the sander and moraine to the
Urstromtal. By overlaying the hydrology map on the DEM this is more clear. With a red point feature the
cities Baruth (eastern point) and Paplitz (western point) are visualized. The Hammerfliess starts in Baruth.
Near Paplitz the water flows near the Hammerfliess, however more south in the agricultural field. Here a
paleo river is found as well.

Figure 16: Hydrology map derived from LiDAR data using the hydro-tools of ArcGIS
pro. The background is the DEM of the area , which shows the elevation in meters
above NN. (Appendix K)
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Strip 0, 1 and 2
With the hydrotools of ArcGIS the watershed of the Hammerfliess is visualized between Baruth and
Paplitz. On the right map the hydrology is displayed less detailed. There could be seen that the water
flows south of the Hammerfliess. However, the hydrology is not detailed enough to be able to identify
paleo rivers. Therefore a second hydrology map is created where more flow accumulation is visualized.
Here there could be seen that there are several straight lines.

Figure 17: Hydrography of the Hammerfliess between
Baruth and Paplitz, only in the watershed of this area
of the Hammerfliess. (Appendix Q)

Figure 18: More detailed hydrography of the
Hammerfliess between Baruth and Paplitz, only in
the watershed of this area of the Hammerfliess.
(Appendix R)
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PALEO RIVER IDENTIFICATION
In figure 18 the identification of a paleo river with different methods is shown. First, the elevation is used
for the identification. By using the DRA function a depression can be found as a stream. By using the hill
shade this is confirmed. When looking at orthophotos and infrared images the vegetation differences
show that indeed the paleo river could be an area in the agricultural field containing more water and
therefore inducing differences in the vegetation.

Figure 19: Identification of paleo rivers with the use of different methods. This is paleo river C as identified in figure
20.

With this method four major paleo river
features are found in the research area of 2020
and 2021, as seen in figure 20. Next to that,
smaller paleo river features are found, but are
less significantly recognizable with the remote
methods.
In figure 21 the two main found paleo rivers in
the research area of strip 0, 1 and 2 are
identified.

Figure 20: Identification of paleo rivers in the research area of
2020 and 2021. They are recognizable by the point features in
blue(A), red (B), green (C), yellow (D). Appendix T
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Figure 11: The identification of the two main paleo river features in strip 0, 1 and 2. The red point feature is paleo
river B and the yellow point feature is paleo river C. Appendix X.

In figure 20 and figure 21 paleo rivers are indicated with a point feature. Paleo river B is most important
for the research, due to the fact that this is near the stream restoration projects. In Figure 22 four profile
graphs are shown of the four paleo rivers. The first profile is based on the paleo river located more
northern in an agricultural area, paleo river A. Interestingly the paleo river A has the highest elevation,
even though it is located most western and therefore should have the lowest elevation. Next to that, the
feature flows from west to east due to the elevation difference. The elevation difference is significant at
almost 5 meters.The second graph is based on paleo river B of figure 23 and figure 24, located in an
agricultural field west of Paplitz. The graphs show a small depression in the landscape and is the least
noticable of the four paleo rivers. The elevation difference is only 0.6m. Next to that, the paleo river flows
through an area with a some eaolian deposition, however it seems to still leave a depression in the
landscape. Paleo river C is located in an agricultural field as well and shows an elevation difference of
1.4m. The river feature is more noticable in the DEM. Paleo river D is interesting, due to the fact that it is
not located near the Hammerfliess. However it shows an elevation difference of 0.9m and is clearly
distuingishable in the DEM.
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Figure 22: Four major found paleo river features. From top to bottom it is paleo river A, B, C and D. The profile graph
gives the length of the line feature in meters and the elevation above NN in meters.
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Stream restoration projects
In figure 24, the stream restoration projects of the
Hammerfliess (blue) west of Paplitz are visualized in red. The
diced blue line south of the Hammerfliess shows a potential
paleo river identified with the DEM and the color infrared
images. However, the hydrology compared to the stream
restoration project shows that the project was done in an
already concerning area for drought in summer, as elaborated
in figure 17 and 18, while the accumulation of water and
therefore the hydrology is mostly located south of the
Hammerfliess and not North. This part of the stream is one of
the only parts where no hydrology lines follow the
Hammerfliess stream. But, figure 20 confirms that the paleo
Figure 23: Location of figure 24 and figure 25
visualized in red in the research area of 2021

river, indicated with the blue diced line, which was identified
with the DEM and CIR images indeed flowed in this area.

Figure 25 shows the Golia around year 1841 in the same area. The Golia is indicated in purple and the
current Hammerfliess stream in blue. When comparing figure 20 to figure 21, it shows that the current
paleo river is located on the old Golia stream.

Figure 24: Renaturierung projects (red) west of Paplitz of the Hammerfliess (blue). In yellow the hydrology in the area
is displayed. The dashed blue line is a paleo river found with orthophotos, color infrared and in the hill shade.

Figure 25: Urmesstischblätter of the original Hammerfliess stream (Golia) next to the current Hammerfliess stream .
Map in appendix J.
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HYDROLOGY AND PALEO RIVER RECONSTRUCTION
By overlaying the hydrography map with the current Hammerfliess stream and the old Golia stream, an
estimation had been made of the water flow in the area between Baruth and Paplitz. The estimation is
mostly based on the hydrography map. The estimated flow is predicted on the highest flow accumulation
in the area, not taking side streams into account. Next to that, the groundwater flow is not taken into
account, therefore this is only an estimation of the overland flow.

Figure 26: Estimated paleo drainage system compared to the current
Hammerfliess stream and the old Golia stream (Appendix R)
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DISCUSSION
PART 1: GEOMORPHOLOGICAL MAP
In this research, a new area between Paplitz and Dornswalde is geomorphological mapped. The map is
thought to be better, due to the fact that a 0.5m DEM is used instead of a 1m DEM, making the retrieved
maps more detailed and therefore a better representation of the area. By using the convolution tool of
ArcGIS pro the relatively flat area of the Urstromtal could be divided into three different terraces.
(Gelderen, 2021)
Next to that, there has been chosen to make different classification codes separate layers. Before the
geomorphological map was a mosaic of polygons. The feature which was on top was the feature shown in
the map. However, with this method information is lost about the layers underneath. By separating the
classification codes, different layers can be turned on and turned off, revealing more information about
the substrate, soil and other geomorphological features.
Part of the research was verifying previous research and geomorphological maps and correct and improve
them if necessary. With new approaches the geomorphological map of the Baruther Urstromtal of 2020 is
adjusted (Geskus, 2020; Luimes, 2020; de Nobel, 2020; Romar, 2020; Schadee, 2020; Zuidervaart,
2020). Firstly, several features were not accurately classified and therefore adjusted. The legend is based
on the legend of Frank (1987). To be able to simplify replication of the research it is important to use the
same legend, and slightly adjust it if necessary. The research group of 2020 had identified several new
legend items. However, the group had set a classification code which already existed, due to which the
original item under the classification code could not be used again. This was done with classification code
1306, which was used as fluvioglacial erosion instead of fluvioglacial accumulation. Classification code
1307 was used as a second fluvioglacial erosion zone, indicating the formation of terraces. This was
adjusted by correcting classification code 1306 back from fluvioglacial erosion to fluvioglacial
accumulation. Classification code 1307 is separated into 130701 and 130702 to indicate different terraces.
Next to that, new classification codes are added. These include 6010 for dunes, 6011 for dune ridges and
1301304 for houses. Appendix E shows a further elaboration.

PART 2: PALEO DRAINAGE SYSTEM
Paleo drainage system
The research reveals that the paleo drainage system could partially be mapped. Firstly, the hydrology map
slightly corresponds to the Golia paleo river. Mostly in the area between Baruth and Paplitz the water
flow is very similar to the map of 1841. However, the maker of this mapped used techniques of the 1800s.
While the exact Golia river does not exist anymore due to leveling the area and ploughing, the map is not
verifiable. Therefore the old map could not be used in the reconstruction of the drainage system and only
as a verification of the already found paleo drainage system.
Next to that, some parts of the found paleo river features did correspond to the hydrology map. However,
most of the features did only correspond to the hydrology map if the map was made very detailed,
showing more accumulations. However, with the use of a DEM retrieved by LiDAR only the elevation of
the area is shown, corresponding to the overland flow. In an area which is as flat as the Urstromtal
groundwater flow is important as well, which cannot be mapped with this method. Actual fieldwork
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around the paleo river feature sides are important. Next to that, the hydrology map showed a lot of
branching. This is due to the fact that the area is very flat and historically did flood frequently. This makes
reconstructing a single paleo river stream harder.

Paleo river features
For the found paleo river features, a dissimilarity in height difference of the cross sections between
forested and agricultural area was found. Paleo rivers in forested areas were deeper and narrower. This
could be due to ploughing which levels the agricultural field.

Stream restoration project
Thirdly, the stream restoration projects did not correspond to the paleo rivers. Therefore it could be a
potential future problem for drought again. However, when looking at the landscape the choice of
location had potentially a social aspect. The location suggested by the paleo river features and the made
hydrology map is located south of the Hammerfliess. However, this area is an agricultural field owned by a
private person. The area North of the Hammerfliess is forested area potentially owned by the municipality
and currently not used. Therefore it is suggested that the area being available was the reason for the
location of the restoration project.
Nevertheless, when looking at the images of the Hammerfliess west of Paplitz, through the years, an
improvement of vegetation is shown. Around the restoration projects since 2014 the area has become
greener and shows more biodiversity (Appendix I). Despite the fact that local inhabitants have confirmed
that the Hammerfliess stream still falls dry in summer, there is an improvement in the vegetation.
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Further research
To be able to map the paleo drainage system, the hydrology map work flow was conducted. However, the
tool fill showed several problems. Due to the fact that the area is a very flat, meadow landscape, the fill
function filled the area too much, resulting in a completely flat surface. The aspect filled map, which
shows the direction of slope, shows this in grey. This means that the surface is completely flat. In figure 31
this is visualized as well, where all the blue areas have a slope of zero degrees. When a flow direction map
is generated from the fill function, several faults can be seen on the completely flat surface. This results in
straight lines in the hydrology. These areas can therefore not be used for the research. The effect can be
seen in the maps of figure 23 to 26. The grey area in the filled map has a completely flat surface, therefore
the hydrology map shows straight lines. Due to this some areas could not be used for the research. If a
solution could be found in further research the hydrology map can be made more accurately.
Next to that, for further research the remote found results of this research can be confirmed or declined
by fieldwork in the area. By taking soil samples of the found paleo river features and the potential location
of the Golia stream the effect on the landscape can be found. Thus, the potential paleo river features
could be verified.

Figure 27: Aspect map of the DEM

Figure 28: Flow direction after the use of the fill tool

Figure 29: Aspect map of the DEM after the use of the fill tool Figure 30: Hydrology map after the use of the fill tool, showing
straight lines in areas without elevation differences
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Figure 31: Slope map after the use of the fill tool. In blue the areas with a slope of exactly 0 degrees are shown.
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CONCLUSION
The paleo drainage system near Baruth and Paplitz can partially be reconstructed with the use of LiDAR
data and remote research. However, due to anthropogenic influence in the area, such as extensive
agricultural land use and branching of the river due to the flat surface a full paleo stream could not be
conducted. Therefore a hydrology map is created containing the current surface water flow in the area.
However, only parts of the paleo drainage system can be identified.
By comparing the paleo drainage system to the stream restoration project, several conclusions can be
drawn. Firstly, the stream restoration projects West of Paplitz could have been better implemented South
of the Hammerfliess instead of North of the Hammerfliess, due to the fact that the paleo river ‘Golia’ once
flowed in this area. Next to that, elevating the river bed to enhance meandering might not have been the
best solution for the drought problems in the summer. However, biodiversity was increased by the project
around the river bed.
The geomorphological map of the Boer (1992) was amplified with the use of ArcGIS pro and LiDAR data
between Paplitz and Horstwalde in the Baruther-Urstromtal. By deriving a 0.5m DEM of the LiDAR data
the map could be made very detailed. Next to that, new conducted research and new technologies made
it possible to enhance the old map. Next to that, the micro and meso level of the map could be made,
containing hydrology and anthropogenic influences. By separating the different levels it was also possible
to make different maps, to better visualize the geomorphology in the area.
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Appendix B: DEM
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Appendix C: Moraine landscape south of Berlin, Juschus (2001)
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Appendix D: Morphogenetic map (de Boer, 1992)
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Appendix E: Development of the geomorphology map and symbology
Level

Unit

Name

Description

Shape
file
format

Source
(Appendix L)

Code (bold
meaning new or
adjusted)

Macro

8
Material

Soil

Soil types

polygon

Soil and substrate
map brandenburg
(Bodenkarten und
Substrate)

8.5: Loamy sand
8.13: Lowland peat
8.22: Sand (medium
fine)
8.21: Sand (Fine)

13
Areas of
geomorphological
proc.

Anthropogenic
influenced

Large anthropological
features which are
visible at a scale of
1:100.000 in the
DEM, such as cities
and towns.
Large anthropological
objects such as
houses, factories and
large military
features which are
visible on a scale of
1:10.000
Describes areas with
dunes and sandy soils
which are newer than
the surrounding
landscape
(overlapping).

polygon

WMS BB-BE
DTK10 Farbe

13.12:
Anthropological
influenced

Anthropogenic
structures

Aeolian

Symbology

Orthophotos

polygon

WMS BB-BE
DTK10 Farbe

13.13: Anthropogenic
structures

Orthophotos

polygon

Soil and substrate
map brandenburg
(Bodenkarten und
Substrate)

13.2: Aeolian

DEM
Aspect map

Fluvioglacial
erosive valley

Fluvioglacial
erosive

Glacial
accumulative
terminal
moraine

Glacial
accumulative
ground
moraine

Describes the
fluvioglacial area,
which is formed by
river features and
streams after the and
contains three
terraces.
Describes the
fluvioglacial area. In
the research area it is
the ground moraine,
which is eroded by
the rivers and
streams in the fluvial
area.

Polygon

Describes the
terminal moraine,
which distinguishes
itself by having more
coarse material.

Polygon

Describes the ground
moraine, which
distinguishes by
having more fine
material.

Geologische
ubersichtskarte
(GÜK-100 Teltow
flaming)
DEM

13.1.1: Fluvioglacial
erosive valley

Geologische
ubersichtskarte
(GÜK-100 Teltow
flaming).
Polygon

DEM

13.1.2: Fluvioglacial
erosive

Contour map
Geologische
ubersichtskarte
(GÜK-100 Teltow
flaming).

Polygon

Soil and substrate
map brandenburg
(Bodenkarten und
Substrate)
Geologische
ubersichtskarte
(GÜK-100 Teltow
flaming).
Soil and substrate
map brandenburg
(Bodenkarten und
Substrate)

13.3: Glacial
accumulative
terminal moraine

13.4: Glacial
accumulative ground
moraine

Geologische
ubersichtskarte
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(GÜK-100 Teltow
flaming).
DEM

Fluvioglacial
accumulative

Describes the sander,
an alluvial fan with
finer material.

Polygon

Contour map
Soil and substrate
map brandenburg
(Bodenkarten und
Substrate)

13.6: Fluvioglacial
accumulative

Geologische
ubersichtskarte
(GÜK-100 Teltow
flaming).
DEM

Fluvioglacial
lake river

Describes a larger
lake or river feature
which is visible at a
scale of 1:100.000

Polygon

Contour map
Soil and substrate
map brandenburg
(Bodenkarten und
Substrate)

13.7.3: Fluvioglacial
lake river

Geologische
ubersichtskarte
(GÜK-100 Teltow
flaming).
DEM

Meso

5
Valleys and
Drainageways

Valleys and
small
drainageways

Describes erosive
courses along which
water moves to drain
the region. The
valleys are in
different shapes,
including V-shaped,
flat, or saucer. It
could also be
combined and are
mostly defined by the
difference in size.

Line

6
Individual
Landforms

Dunes

Describes separate
dunes, which could
be distinguished by
an increase in the
slope.

Polygon

Roads

Describes the main
roads, visible in the
DEM.

Line

Hydrography

Describes Artificial
drainageways
(perennial), natural
streams which are
modified, streams or
artificial streams
which are
periodically.
Therefore the
difference is made by
being natural or
artificial and being
perennial or
periodically
Describesperennial
lakes, artificial lakes
and wetland.

Line

13
Areas of
geomorphological
proc.
14
Hydrography

Hydrography

Contour map
Hill shade map
Contour map

DEM

5.1: Saucer (25<100m)
5.2: Flat (25-<100m)
5.3: V-shaped (25<100m)
5.5: V-shaped saucer
(25-<100m)
5.6: Saucer (<25m)
5.8: V-shaped (<25m)

6.10: Dunes

Slope map
Aspect map
WMS BB-BE
DTK10 Farbe
Geofabrik (roads)
DEM
Hill shade map
WMS BB-BE
DTK10 Farbe

Polygon

Hill shade map
WMS BB-BE
DTK10 Farbe

13.13.1: Paved roads

14.2: Perennial
artificial
drainageways
14.3: Natural stream
or basin, modified by
man
14.7: Stream,
periodically
14.8: Artificial
stream, periodically

14.1 Perennial
streams and lakes
14.6: Lake, artificial
water level
14.7: Wetland
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Micro

6
Individual
Landforms

Landforms

Small landforms, such
as panholes, spur,
niche and a dam or
wall made of earth.

Line

Larger landforms,
such as a kettle,
through shaped
depression and pingo
ruin.

Line

To identify dune type
more easily, such as
the parabolic dunes
in the research area
the dune ridges are
mapped.
All roads, including
paved roads,
unpaved roads and
the railway.

Line

Aspect map

6.11: Dune ridge

Polygon

Geofabrik (roads)

13.13.1: Paved roads
13.13.2: Unpaved
roads
13.13.3: Railway

Houses

All houses and other
buildings.

Polygon

Geofabrik
(houses)

13.13.4: Houses

15
Supplementary
information

Supplementary
information

Relict charcoal heats,
sand pits, charcoal
works and rubbish
dumps

Point

DEM

15.1: Sand pit
15.2: Rubbish dump
15.3.1: Charcoal
works, confirmed
15.3.2: Charcoal
works, suspected

16
Military

Military

Military borders,
tracks, trenches and
railways.

Line

Landforms

Dune ridge

13
Areas of
geomorphological
proc.

Roads

DEM
Hill shade map

DEM
Hill shade mao

Hill shade map

Orthophotos

WMS BB-BE
DTK10 Farbe
Hill shade map
DEM

Military

Military

Military bunkers,
dug-outs and
foxholes.

Point

Military water ponds
or other larger
military structures.

Polygon

Orthophotos
DEM
Hill shade map
Hill shade map

6.2: Earth dam/wall
6.5: Spur
6.6: Niche
6.8: Panhole

6.3: Kettle
6.4: Through shaped
depression
6.9: Pingo ruin

16.1: Firetrench
16.2: Anti-tank
trench
16.7: HeidehofGolmberg military
area border
16.8: KummersdorfGut military area
border
16.10: Royal Prussian
Military Railway
(KME)
16.5: Former Military
Route/Tank Track
16.3: Bunker/dugout/foxhole
16.4: Bunker/dugout, roadside
16.6: Artificial
extinguish water
pond
16.9: Military
structures
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Appendix F: Geomorphology map (Bakker; van Gelderen; Melger; Wesselman, 2021)
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Appendix G: Flow direction
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Appendix H: Aspect and aspect filled
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Appendix I: Stream restoration projects Hammerfliess

01/06/2000

01/01/2006

03/07/2015

12/09/2020
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01/06/2000

01/01/2006

03/07/2015

12/09/2020
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01/06/2000

01/01/2006

03/07/2015

12/09/2020
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Appendix J: Urmesstischblätter (1841) Koning (2017)
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Appendix K: Hydrology map
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Appendix L: Webservices and ArcGIS
Coordinate system: ETRS89 / UTM zone 33N - EPSG:25833

DHHN92 height - EPSG:5783
Map
Topographic map 25
Topographic map 25

Shaded relief
Forest
Soil map + substrate

Webservice link
https://isk.geobasis-bb.de/ows/dtk25farbe_wms?
https://isk.geobasisbb.de/mapproxy/dtk25farbe/service/wms?
https://isk.geobasis-bb.de/ows/dtk10farbe_wms?
https://isk.geobasis-bb.de/ows/dop20c_wms?
http://isk.geobasisbb.de/mapproxy/dop20cir/service/wms?
https://isk.geobasis-bb.de/ows/dgm_wms?
https://isk.geobasis-bb.de/ows/dgm_wms?
https://inspire.brandenburg.de/services/boartsubstr_wms?

Soil map

https://inspire.brandenburg.de/services/bokarten_wms?

Geology map

http://www.geo.brandenburg.de/ows/gk25.cgi?

Roads and houses (layer)

Geofabrik.de

Topographic map 10
Orthophoto
Color infrared

Name
WMS BB-BE DTK25 Farbe
WMS BB-BE DTK25 Farbe
Cache
WMS BB-BE DTK10 Farbe
WMS BB-BE DOP20c
WMS BB DOP20cir Cache
WMS BB DOP20cir Cache
WMS BB DGM 1m
Bodenarten und Substrate
– INSPIRE View-Service
(WMS-LBGRBOARTSUBSTR)
Bodenkarten – INSPIRE
View-Service (WMS-LBGRBOKARTEN)
Geologische Karte 1:25.000
(GK25)

Other
Downloads > europe >
germany > brandenburg
(met berlijn) > brandenburg
latest (328mb)

Scale based sizing settings
1:100.000

0

1:500.000

0,2

1:50.000

0,4

1:24.000

0,9

1:10.000

1,8

1:5.000

4

1:1000

9
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Appendix M: Geomorphological map strip 0, 1 and 2
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Appendix N: Geomorphological map macro level strip 0, 1 and 2
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Appendix O: Geomorphological map meso level strip 0, 1 and 2
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Appendix P: Geomorphological map micro level strip 0, 1 and 2

58

Appendix Q: Hydrology map strip 0, 1 and 2
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Appendix R: Hydrology map detailed strip 0, 1 and 2
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Appendix S: Estimated flow path
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Appendix T: Identification of paleo river features in the research area of
2020 and 2021
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Appendix X: Identification of paleo river features in the research area of
2020 and 2021
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