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Abstract
In the Baruth Ice-Marginal Valley, charcoal hearths (CHs) were built to produce charcoal for iron
production. The remnants of CHs are nowadays still recognizable in the landscape are called relict
charcoal hearths (RCHs). In this thesis, there is researched if RCHs are more common on fairly sloped
areas or on flatter areas and if there is a relationship between the steepness of the slope on which a
RCH is located and the diameter of a RCH. With the use of DEM-derived maps, possible RCHs were
mapped and during fieldwork confirmed or rejected. Three different methods were used to calculate
the steepness of the slopes on which the confirmed RCHs were located in order to divide the RCHs
over different slope classes and to conduct a linear regression analysis. For all three slope
determination methods, most RCHs were found in the 2° - 4° and 4°- 7° slope classes, with mean
slope values ranging from 4.321264° (method 1) to 4.905861° (method 3). Taking into consideration
that method 1 is most likely to be the most reliable method, it is within reason to conclude that most
RCHs were found on slopes with a relatively low steepness. Moreover, in the spatial analysis, most
RCHs were found in the areas with the most relief, often found on relatively flatter areas close to dune
slopes or enclosed by two or more dune ridges. The main reason for these positions could be that CHs
were sheltered from the wind during charcoal production. At last, although in the linear regression
analysis a significant negative relationship was found between slope steepness and diameter and this
relationship is supported by literature, the relationship was weak (low R-squared value) and only
method 1 resulted in a significant relationship. That is why further research with a higher sample size
and different slope determination methods is recommended to explore if this leads to results with a
higher certainty.
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1. Introduction

In central Europe, charcoal was an important fuel for ironworks from the 17th until the 20th century and
was usually produced in forests (Hirsch et al., 2017). Charcoal was produced by creating charcoal
hearths (CHs). These were created by stacking wood logs and covering them with earthen material
(Hirsch et al., 2017). Charring occurred, which was done by burning the logs under the anoxic
conditions of the with earthen material covered pyre. The remnants of the CHs can still be recognized
in the landscape today and these round to elliptical mound-like geomorphological features are called
relict charcoal hearths (RCHs) (Hirsch et al., 2017). The diameter of the RCHs ranges from 6 to 20
metres (Raab et al., 2019). Charcoal hearths were built on different types of areas, such as on flatlands
but also on slopes.
This research takes place in the Baruth Ice-Marginal Valley (Baruther Urstromtal) in the
German state Brandenburg, near Horstwalde (Gemeinde Baruth/Mark). Figure 2 shows the research
area, which consists of three strips. Strip 1 (the most eastern strip) was assigned to the writer of this
bachelor thesis and strip 2 and 3 were assigned to two fellow students (Elise van Iterson (strip 2) and
Timothy Konijn (strip 3)). Nevertheless, all strips were taken into account in this research.
Until the end of the 19th century, the starting material for iron production was bog iron in
many regions in Europe (Hillenkamp, 2006). In this research area, bog iron was extracted for the
production of iron. Bog iron is iron ore that has developed in swamps or bogs and has been oxidised.
Iron was produced by heating and melting the bog iron (Wenzke, 1984). This was done at the
Schmelze (see figure 2 for its location). The Schmelze was a smelter that was located close to the river
Hammerflieβ. The smelter was built close to the river, as the current of the river drove a waterwheel
(Hillenkamp, 2006). The river also provided transport of iron ore and iron to and away from the
smelter. In order to produce iron, charcoal from CHs was used as energy. In this area, it is plausible
that CHs were created during the period that the Schmelze operated, which was from approximately
1750 to 1800. After 1800, the Schmelze was used as housing until it was destroyed in 1948.
The earlier described history of iron production and the use of CHs as an energy source is an
example of an energy transition stage in which charcoal was an important fuel. Moreover, the fact that
remnants of CHs still can be discovered in this research area shows the impact that humans can have
on a landscape. Nevertheless, the human land use change could also be influenced by other factors. An
important factor in this research area could be the geomorphology of the landscape. Namely, this
research area contains parabolic dunes, formed by aeolian processes. These dunes were formed by
western winds during the end of the Weichselian Late Glacial Period (De Boer, 2000).
Previous research of Struiksma (2018) has made two suggestions about the influence of
geomorphology on the way humans impacted the landscape in this area (in the form of the creation of
CHs). Namely, the research gives suggestions about what influence the steepness of the slope of an
area could have on RCHs. At first, more RCHs were found in areas with much relief, areas containing
dunes, than on relatively flat areas (Struiksma, 2018). In general, the found RCHs were lying close to
the dune ridges. This could be an indication that more RCHs were found on slopes with a higher
steepness than on slopes with a low steepness, but this can not be said with certainty. Moreover, it is
suggested that RCHs on sloped areas are less big, having a smaller diameter, than RCHs on flat areas.
Research of Hirsch et al. (2017) also indicates that the diameter of RCHs depends on the topography
of the landscape and that bigger RCHs were found on flatlands. Nevertheless, more research could be
done on both topics. Because of the presence of dunes, this research area could be a suitable area to
examine if RCHs are indeed found on more sloped areas or on flatter areas and if there is a
relationship between the steepness of the slope on which RCHs are located and the diameter of RCHs.
In this research, RCHs are distinguished from each other by looking at their location on different slope
classes. In order to research if geomorphology has a significant influence on the spatial distribution
and size of RCHs, a map of the RCHs that were found in the fieldwork area was combined with
different maps, such as a hillshade map and a slope map.
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The main research question is as follows:
- How does geomorphology influence the spatial distribution and size of relict charcoal hearths in the
Baruth Ice-Marginal Valley (Brandenburg)?
The following sub-questions will be answered in order to answer the main research question:
- What is the spatial distribution of relict charcoal hearths in terms of location on different slope
classes?
- What is the relationship between the steepness of the slope on which a relict charcoal hearth is
located and the diameter of a relict charcoal hearth?

Figure 2: The research area: Baruth Ice-Marginal Valley, Brandenburg (Germany). The most eastern
fieldwork strip (strip 1) is the strip that was assigned to the writer of this thesis. Strip 2 and 3 have
been researched by the following students: Elise van Iterson (strip 2) and Timothy Konijn (strip 3).
The blue dot indicates the location of where the Schmelze used to be located.
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2. Theoretical framework
In this theoretical framework, the key concepts that are important for the understanding of this
research are explained.

2.1 Geographic information system and remote sensing
Geographic information system (GIS) is a system in which data are created, analysed and processed
into maps (Esri, 2022). GIS connects data to a map, which gives geographic context to data. This tool
is suitable for the understanding of certain spatial patterns and relationships. Much data that is
analysed in GIS is obtained by remote sensing. Remote sensing is the process of acquiring data about
the physical characteristics of an area. The reflected and emitted radiation from a distance is measured
and in this way, the earth can be observed (sensed). Satellites and aircrafts are examples of instruments
used for remote sensing.

2.2 LiDAR
Another remote sensing technique is Light Detection And Ranging (LiDAR). This is a technique in
which data about the surface characteristics and the shape of the earth is acquired (National Ocean
Service, 2021). A LiDAR system is usually installed on a flying object, such as a plane, a drone or a
satellite (Appen, 2021). A laser sends pulses towards the earth surface and these laser pulses reflect
while a sensor measures the length of the time it takes for the pulse to bounce back. The speed at
which the target objects are scanned and the distance the laser can reach is regulated by a scanner.
Furthermore, the location of the scanned surface and surface objects is tracked by a GPS. In this way,
point cloud data that give information about the 3D positions of the surface and surface objects is
acquired (USGS, n.d.). This data are stored in LiDAR tiles (point clouds), which contain elevation
data of possibly millions of points (Bakker, 2021).

2.3 Digital elevation model
A Digital Elevation Model (DEM) is a model containing data of the elevations of the bare ground,
without trees, buildings and other surface objects (USGS, 2022). This model is often used for spatial
analysis and can be used to visualize terrestrial relief (Polidori & El Hage, 2020). Several quantitative
descriptors of the relief can be derived from a DEM, such as curvature, aspect and slope.

2.4 Relict charcoal hearths (RCHs)
Relict charcoal hearths are remnants of furnaces made of wood logs covered with earth in order to
create anoxic conditions for the charring process (Hirsch et al., 2017). The CHs were often built on a
pedestal of minerals for stability. This was usually the case if the CHs were located on slopes, making
the CH platform 40-60 centimetre higher than the surrounding environment (Hirsch et al., 2020;
Bonhage et al., 2020). CHs are often surrounded by a ditch (width: 0.5-1 metre, depth: approximately
0.7 metre), which was later commonly filled with charcoal production residues, making the ditch
difficult to recognize sometimes. These ditches may have been dug to prevent forest fire or the ditches
could be the result of digging up earth to cover the wood stack.
On slopes, platforms were constructed by pulling soil down the slope and soil and boulders
were redistributed downslope to stabilize the platforms (Hirsch et al., 2020). A semi-circular ditch
surrounding the platform was made to prevent upslope rainwater from damaging the CH.
The image below shows the difference in building techniques for RCHs on sloped areas compared to
flatter areas (Figure 3). For both sloped areas and flatlands, a schematic drawing of the diameter of a
found RCH is given as an example. Research of Bonhage et al. (2020) compared RCHs on sloped
areas and flatlands in Connecticut, USA. Raab et al. (2017) already concluded that the building
techniques of RCHs in Connecticut are similar to the building techniques in Europe, which could
make the image below a suitable example of RCHs in the Baruth Ice-Marginal Valley. In this image, a
threshold value of 4° is taken. Nevertheless, in this research a less hard distinction is made between
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sloped areas and flatlands, as there is looked at the division of RCHs over different slope classes and
terms such as more or less sloped areas (relatively sloped areas or relatively flat areas) are used.

Figure 3: Schematic overview of two types of relict charcoal hearths (Bonhage et al., 2020). Image A
shows the construction of a RCH on a slope and image B shows the diameter of the RCH. Image C
shows the construction of a RCH on a flat area and image D shows the diameter of the RCH. This
figure is derived from a figure in Bonhage et al. (2020) (Appendix B).

2.5 Geomorphology of the Baruth Ice-Marginal Valley
In 2020 and 2021, 10 bachelor students in total made a geomorphology map of the Baruth IceMarginal Valley. The map is shown in figure 4. Only the most important units for this research are
shown in the legend. The Baruth Ice-Marginal Valley has been formed during several glaciations
(Bakker, 2021). The south of this area has mostly been influenced by the Saalian ice age, which has
resulted in the presence of terminal and ground moraines in the south (purple and light purple units).
Terminal moraines consist of material that is left behind in front of the ice sheets and ground moraines
were formed underneath the ice sheets. The north has mostly been influenced by the Weichselian ice
age. At the end and after the Weichselian ice age, during and after the melting of the ice sheets, a
sander was formed in the northeast of the area (green unit). This is called the Baruther Sander. A
sander consists of medium fine sand that has been deposited in the form of an alluvial fan by melting
ice sheets. In between the sander and terminal and ground moraines, the Baruther Urstromtal was
formed by mainly melting glacial water (blue units). On top of the glacio-fluvial deposits of the
Baruther Urstromtal, parabolic dune formation has taken place. As mentioned earlier, these dunes
were formed by western winds during the end of the Weichselian Late Glacial Period (De Boer, 2000).
The direction of the winds could be deducted from the finding that the slope of the dunes was steeper
on the eastern side of the dune arms, indicating that the wind came from the west. The research area of
this thesis mainly contains parabolic dunes in the middle and parts of the Baruther Urstromtal north
and south of these dunes. In the fieldwork strips, the flatter area of the Baruther Urstromtal in the
south mostly consist of agricultural land, while the parabolic dune area and the flatter area of the
Baruther Urstromtal in the north consists of woods.
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Figure 4: Geomorphological map of the Baruth Ice-Marginal Valley. This map was made by 6
students in 2020 (Geskus, Nobel, Luimes, Romar, Schadee and Zuidervaart) and 4 students in 2021
(Bakker, Van Gelderen, Melger and Wesselman) (Bakker, 2021). The map has been adjusted to a new
layout with a different extent, and with a shorter legend. Moreover, a zoom-in of the fieldwork strips of
this research is shown.
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3. Methodology
The methodology of this research consists of three different phases: preprocessing of the geodata,
fieldwork and postprocessing of the fieldwork data.

3.1.1 Preprocessing of the geodata
In the preprocessing phase, preparations were done for the fieldwork phase. These preparations consist
of creating and gathering data that would be used during the fieldwork. The maps and data that would
be useful in the field were first prepared in ArcGIS Pro on a laptop. Then, these maps and data were
exported to the Yuma 7 tablet from Trimble, which was used during the fieldwork. On this tablet
ArcGIS Pro with GNSS can be used while being in the field. With Global Navigation Satellite System
(GNSS), multiple satellites provide signals from space and in this way positioning and timing data can
be acquired (EUSPA, 2022).
One of the most important preparations was the creation of a map which contains all the
possible relict charcoal hearths (RCHs) in the three fieldwork strips, each strip by one of the three
students. In this particular research, a map of the RCHs in fieldwork strip 1 was made and later on, the
possible RCHs of the other strips were added to the dataset and combined. In order to indicate with
how much certainty can be suggested that a possible RCH is actually a RCH, all possible RCHs were
assigned one of three levels of certainty of identification: low, medium or high.
For the identification of possible RCHs, different layers were made in ArcGIS Pro. First, 6
LiDAR tiles of 2 by 2 km were used to make a DEM (Figure 5). From this DEM, several maps were
derived, such as hillshade, slope, aspect and contour maps (Figure 6). The ‘Las Dataset to Raster’ tool
was used to make the DEM and for the creation of the DEM-derived maps, tools similarly named as
the maps were used (for example: the ‘Hillshade’ tool). Thereafter, the created maps and existing
literature were used to identify the RCHs. Figure 7 shows how RCHs could be identified on a shaded
relief map, which is comparable to a hillshade map. Then, every identified RCH was indicated as a
point in a point feature class.

Figure 5: The 6 LiDAR tiles that were used in this research (blue) with their corresponding numbers.
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Figure 6: Example of workflow: from LiDAR data to DEM-derived maps, in this case a slope map.

Figure 7: Relict charcoal hearths are shown on an orthophoto (a) and a shaded relief map (b).
Furthermore, a sketch of a typical RCH is displayed (c) (Raab et al., 2019).

3.1.2 Maps used for identification
In this section, the most important maps for the identification of possible RCHs are displayed. In order
to show the resolution of the maps, the images show a zoomed-in part of strip 1. The first map shows a
digital elevation model with Dynamic Range Adjustment (DRA). DRA is a feature in ArcGIS Pro that
is useful when navigating a DEM. Based on the pixel values in the current display in which is
navigated, the active stretch type is automatically adjusted (Esri, n.d.). The tool adjusts the symbology
of the DEM to values in the display, making small elevation differences more visible (Wesselman,
2021). Namely, when the whole DEM is in the display, the symbology is based on all the elevation
values of the DEM. In the symbology, certain colours are assigned to the maximum and minimum
elevation values. When zoomed into a specific part of the DEM, a different range of elevation values
is in the display, with different maximum and minimum elevation values. This means that the colour
of the values change according to the range of values showed in the display. Furthermore, the second
map show a hillshade map. For the creation of this map, the Hillshade (Spatial Analyst) tool was used.
This tool creates a shaded relief raster from a surface raster by considering the illumination source
angle (Esri, n.d.). The terrain is visualized by using a light source, the slope and the aspect of the
terrain (Esri, n.d.). This means that the hillshade map shows the amount of light that radiates from the
sun on the surface, based on the relative position of the sun. In this case, the illumination source angle
is 45°, which is the default setting. If the angle was 90°, the sun would be located perpendicular to the
surface. Although this map does not give absolute elevation values, it gives a visualization of the
topography of the terrain and thus shows relative elevation differences. The hillshade raster has output
values that range from 0 to 254. 0 represents the darkest areas and 254 represents the brightest areas.
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Figure 8: A digital elevation model with Dynamic Range Adjustment (DRA) and a hillshade map.

3.1.3 Assigning three levels of certainty of identification
The way in which the different RCHs were identified during this preprocessing phase is described
below with the use of examples.

Figure 9: Example of the identification of possible RCHs with a high certainty of identification. The
first image shows the possible RCHs on a hillshade map and the second map shows the possible RCHs
on a DEM with Dynamic Range Adjustment (DRA).

11

Figure 10: Example of a possible RCH on a hillshade map with a medium certainty of identification
(left) and a low certainty of identification (right).
Figures 9 and 10 show examples of what in general the possible RCHs looked like on a hillshade map
with 0.5 metre resolution in order to assign them a high, medium or low certainty. The main difference
between high, medium and low possible RCHs is that in figure 9, the ditch of the RCH can be clearly
seen, while at the location of the medium RCH, there is more uncertainty if there is a ditch seen on the
hillshade or small relief in the landscape. Moreover, the low certainty points were given this certainty,
because no clear ditch was seen, but small circular areas with a higher elevation were noticed on the
hillshade.
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3.2 Fieldwork
After the preprocessing phase, fieldwork was conducted in the Baruth Ice-Marginal Valley. Fieldwork
was also done by two other students (Elise van Iterson and Timothy Konijn), as well as a master’s
student (Martijn Romar) and the supervisor (Thijs de Boer). This was done in a period of 5 days: from
the 4th of April until the 8th of April. As earlier pointed out, all information was stored on the Yuma 7
tablet from the company Trimble (Figure 11), on which ArcGIS Pro can be used with GNSS (Trimble,
2022). With the use of this device, points storing information about RCHs could be made directly in
ArcGIS Pro while being in the fieldwork area.

Figure 11: The left image shows the Yuma 7 tablet from Trimble (Ectron, n.d.). The right image shows
the use of a GNSS position (blue dot) in ArcGIS Pro. This picture was taken during fieldwork.
In the fieldwork strips, locations that were identified as possible RCHs during the preprocessing phase
were visited. During and after the fieldwork, all RCH points with data (in the attribute table) were
shared. Moreover, all data were harmonized in order to ensure that everyone collects the same types of
fieldwork data. Namely, each point in the point feature class of RCHs should have the same fields in
the attribute table and the naming of the different attributes/fields should be the same.
During the fieldwork, not all possible RCHs could be visited, as this was not possible in the
given time. That is why priority was given to the possible RCHs that were most likely to be a RCH
(mostly points with a high or medium certainty). The visited points were reassessed based on their
geomorphological characteristics (information about geomorphological characteristics of RCHs can be
found in the theoretical framework). While the fieldwork area was explored, occasionally new RCHs
were found which were not identified beforehand. This mostly happened when the location of a
possible RCH was searched and the characteristics of a new RCH were recognized unexpectedly.
When a possible location of a RCH was found, it was confirmed or rejected in the following
manner: Holes were dug in the soil and there was searched for the presence of charcoal. Namely, the
presence of charcoal could be an indication of a RCH. Most of the times, multiple holes were dug to
increase the certainty of the confirmation. These holes were especially dug in the assumed ditch of the
suspected RCH, because as mentioned earlier, in these parts of the RCH charcoal is likely to have
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accumulated. After the possible RCH was confirmed to be a real RCH, the point representing the
possible RCH was marked as confirmed in the attribute table of the point feature class. This changed
the appearance (symbology) of the point on the map. If the possible RCH was rejected, the point was
marked as rejected. In this way, the confirmed and rejected RCH points could be distinguished from
the other possible RCHs. If a new RCH location was discovered, a new point feature was added to the
point feature class. Moreover, also new points that were thought to be possible RCHs were either
confirmed or rejected.
When a RCH was identified, the diameter of the RCH was measured using a tape measure.
There was measured from the middle of the ditch on one side of the RCH to the middle of the ditch on
the other side. Two measurements were done for each RCH: a measurement in the direction of the
slope on which the RCH is located and a measurement perpendicular to the measurement in the
direction of the slope. This was done to take the shape of the RCHs into account.
Moreover, the precise location of the RCH was determined by using AeroPoints (AeroPoint
version 2 from the company Propeller) (Figure 12). AeroPoints are smart devices that are used as
control points. The devices have a GNSS, making it possible to determine the location of the
AeroPoints at high precision (Propeller, 2021). The AeroPoints were placed opposite to each other in
the ditch/edge of the RCH (Figure 13). In this way, with the locations of the edges of the RCH, the
centre of the RCH could be determined. The AeroPoints had to be turned on for 15 minutes in order to
get a precise location.
Furthermore, other information that is useful for this research was stored in the attribute table
of the point feature class. Namely, the shape of the RCH (circular or ellipsoid), a description of the
landscape (for example an impression of the steepness of the slope(s) in the area), the soil (for
example: ‘Podzol’) and the date were noted during the fieldwork. In appendix H, more images of the
fieldwork activities and equipment are given.

Figure 12: AeroPoint version 2 from Propeller.
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Figure 13: A RCH with two AeroPoints that are positioned opposite of each other in the ditches of the
RCH.

3.3 Postprocessing phase
In the postprocessing phase, the during fieldwork acquired data was processed. The AeroPoint
locations were used to determine the locations of the confirmed RCHs more precisely. Namely,
sometimes, the points created during the preprocessing phase and the fieldwork were not set exactly
on the precise location of the AeroPoints. Especially in the fieldwork, it occasionally happened that
the GNSS of the tablet worked less well in the woods, showing less well what the location of the tablet
was. Then, if a new RCH was found during the fieldwork, it could happen that the corresponding point
was not created on exactly the right location. In this case, the AeroPoints were useful for correcting
these small errors. Nevertheless, not many and big corrections were made, most of them were small
corrections. Figure 14 shows an example of a correction of a newly found RCH.

Figure 14: Position of a RCH is corrected to the right position in between the two AeroPoints.
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After the small corrections, the dataset was made complete. This resulted in a dataset where the results
of the preprocessing and postprocessing phase were combined. Namely, at first, the dataset consisted
of the possible RCHs of the preprocessing phase. Each of the points had either a low, medium or high
certainty of identification. Then, during the fieldwork, these points were either confirmed, rejected or
not examined. Thus, the possible RCHs got either one of these three confirmation labels. Moreover,
during the fieldwork new RCHs were found, which were not indicated on the map during the
preprocessing phase. These RCHs were also either confirmed or rejected. This all resulted in a dataset
of points that have ‘Certainty’ and ‘Confirmation’ as attributes. Namely, the points either have a
certainty that is: ‘Low’, ‘Medium’, ‘High’ or ‘New’. Moreover, these points either have a
‘Confirmation’ that is: ‘Confirmed’, ‘Rejected’ or Not_Examined’. See appendix G for a table of the
whole dataset. This dataset is incorporated into two maps. One of the two maps displays the three
fieldwork strips and one displays only strip 1, as this strip is studied the most in the preprocessing
phase and was visited the most during the fieldwork. This makes this strip the most suitable to analyse
more thoroughly.
Moreover, for the spatial analysis of only the confirmed RCHs, four maps were made that
show the distribution of only the confirmed RCHs in combination with a slope map at different
locations in the fieldwork area. The intervals between the values of the slope map is based on the
legend created by Frank (1987). The legend of the maps consists of 7 classes: 0°-0.5°, 0.5°-2°, 2°-4°,
4°-7°, 7°-11° and 11°-15° (Appendix C).
In this research, the steepness of the slope on which the confirmed RCHs are located was
calculated with three different methods:
Slope determination method 1:
The mean slope value of the area containing the RCH and the environment around the RCH was
calculated by creating a circle (polygon) for each RCH with a precalculated radius. Namely, the mean
radius of each RCH is calculated in the following way:
Mean radius per RCH = (the diameter in the slope direction + the diameter that is perpendicular to
the slope direction)/4
The slope of the environment outside the RCHs was also taken into account by adding 10 metres to the
mean radius. This resulted in the following formula for the calculation of the radius of the buffer
circles: Radius per RCH = mean radius per RCH + 10 metre
In this way, circles with this newly calculated radius were created and the ‘Zonal Statistics’ tool was
used to calculate the mean slope value of the area of the circles.
Slope determination method 2:
The second method for determining the slope of RCH locations is shorter, but less precise. In this
method, the ‘Buffer’ tool is used to create circles around the RCH points. In this tool, the confirmed
RCHs were taken as input. Moreover, the radius of the circles can be indicated in the ‘Distance’ field.
In this method, the radius is calculated as follows: the mean radius of all RCHs is taken and 20 metre
is added. Thus, contrary to the first method, all RCHs have the same radius. Then, similar to method 1,
the ‘Zonal Statistics’ tool is used to calculate the mean slope value of the area of the circles. Thus, this
method is a variance on the first method and the two methods differ in the following ways: In method
1, all radius values are put in manually, while in method 2, all circles have the same radius and a
bigger radius is used.
Slope determination method 3
In this method, buffer circles with a 50 metre radius were created around the confirmed RCHs with the
‘Buffer’ tool (Figure 15). Then, similar to the other two methods, the mean slope value of the circles
was calculated with the ‘Zonal Statistics’ tool. The minimum radius proposed by Frank (1987) for
buffer circles is 50 metres. Namely, the research proposes that the minimum radius that is needed in
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order for the RCHs to be divided in the 7 classes is 50 metres. Otherwise, the area of which the mean
slope would be calculated would be too small to be placed in one of the 7 classes.

Figure 15: Example of a buffer circle with a slope map as background. In this example, a buffer
radius of 50 metres is used.
The calculated slope values of the three methods were used for the following two analyses:
1. The distribution of the confirmed RCHs among the different slope classes was analysed by looking
at the amount of RCHs that were placed in the different classes for all methods. Although according
Frank (1987) buffer circles should minimally be 50 metres to distribute the circles in the research’
slope classes, the proposed buffer radius of Frank (1987) is aimed at big areas and the fieldwork area
is smaller compared to these areas. It is also useful to research what the distribution of RCHs among
these classes would be if the smaller buffer circles of method 1 and 2 were used. Namely, testing
different buffer sizes with three different methods could give an indication of which buffer size and
which method could be most applicable to researching RCHs in this area.
2. Furthermore, a linear regression analysis was done, which is a statistical methodology in which the
strength and relationship between two or more variables is determined (Towards Data Science, 2020).
In this research, the analysis is done in order to explore if there is a significant relationship between
the steepness of the slope on which a RCH is located and its diameter. For each RCH, the diameter is
calculated by taking the mean of the diameter in the slope direction and the diameter perpendicular to
this direction, in order to get 1 diameter value for each RCH instead of 2. In the model, slope steepness
(°) is the independent variable and diameter (m) is the dependent variable. Then can be tested if there
is a significant relationship between the two variables by looking at the p-value of the relationship. If
the p-value is smaller than the significance level of 0.05, which is the standard significance level for
linear regression, there is a significant relationship between the two variables. Nevertheless, if the pvalue is higher than 0.05 there is no significant relationship. An indicator of the strength of the
relationship is the R-squared value. R-squared gives information about the proportion of the variance
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of a dependent variable that is explained by an independent variable (Towards Data Science, 2020).

4. Results
In the results section, the results of the preprocessing, fieldwork and postprocessing phase will be
presented.

4.1 Preprocessing phase
In this part, the findings during the preprocessing phase of the research are presented. Both maps
contain possible RCH points with three levels of certainty of identification. The first map shows the
points of strip 1, 2 and 3 and the second map shows the points of strip 1. There will be focused more
on strip 1 than on strip 2 and 3, because this strip was visited the most during this research and has
provided the most data. Out of all 232 possible RCHs, 94 points were assigned a low certainty, 63
points a medium certainty and 75 points a high certainty.

Figure 16: Possible RCHs that were identified during the preprocessing phase in strip 1, 2 and 3.
Green points indicate a high certainty of being a RCH, yellow points a medium certainty and red
points a low certainty.
As shown in figure 16, there is a difference in the amount of points that have been assigned between
the three strips. Strip 1 contains the most points (172), then strip 2 (45) and strip 3 contains the least
points (26). In strip 3, no distinction was made between different levels of certainty of identification
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and that is why all possible RCHs are given a low certainty. It can be seen on the hillshade that strip 1
contains the most parabolic dunes, as well as the most possible RCH points. Moreover, the figure
shows that the points are generally located quite close to the dune arms. For example, in strip 1 and 2,
clusters of medium and high points can be found in between dune arms.

Figure 17: Possible RCHs that were identified during the preprocessing phase in strip 1. The green
points are possible RCHs that have a high certainty of being a RCH, the yellow points have a medium
certainty of being a RCH and the red points have a low certainty of being a RCH.
In figure 17, there is zoomed in on the possible RCHs of fieldwork strip 1. It is seen that most points
with a medium or high certainty were identified in the middle of the fieldwork strip. A noticeable
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finding was that in the south of the strip, two clusters of high certainty RCHs were mapped. Moreover,
in the middle, north and north-east, clusters of medium to high certainty RCHs were mapped. These
were identified close to parabolic arms. Overall, more possible RCHs were suspected to be in the dune
area (the area in the middle that is not flat), as opposed to the flat areas north and south.

4.2 Postprocessing phase
In this section of the results, the data that was acquired during the fieldwork and processed in the
postprocessing phase are displayed in the form of maps and graphs and will be analysed. The table
below shows the results of the fieldwork. The final dataset contains 252 points, of which 232 points
are possible RCHs and 20 points are new RCHs. In total, 44 RCHs were confirmed. Out of the 44
confirmed RCHs, 18 RCHs were newly found. It was not possible to visit all possible 232 possible
RCHs during the 5 days of fieldwork. That is why priority was given to the high and medium points.
Nevertheless, there was also not enough time to visit all high and medium points, as there were many
points that could be visited.
Table 1: The amount of points that were confirmed, rejected and not examined per certainty level.
High
Medium
Low
New

Confirmed
14
11
1
18

Rejected
57
27
47
2

Not examined
4
25
46
0
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4.2.1 Maps containing confirmed, rejected and not examined RCHs
The following maps contain the during fieldwork confirmed, rejected and not examined points. First,
the findings in all strips will be displayed and then there will be zoomed in on strip 1.

Figure 18: Confirmed, rejected and not examined RCHs in strip 1, 2 and 3. This is indicated for the
three levels of certainty of identification assigned to the points during the preprocessing phase:
‘High’, ‘Medium’ and ‘Low’. RCHs that were newly found during the fieldwork are indicated as
‘New’ points
During the fieldwork, most time was spent in strip 1 and 2. This is due to the fact that the possible
RCHs in strip 3 were all rapidly rejected. Only one RCH was found in strip 3, which was a new RCH.
In can be seen that in strip 1 and 2, most confirmed RCHs were found in the more sloped areas, on
which will be elaborated on in the next parts of the results and in the discussion.
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Figure 19: Confirmed, rejected and not examined RCHs in strip 1. This is indicated for the three
levels of certainty assigned to the points during the preprocessing phase: ‘High’, ‘Medium’ and
‘Low’. RCHs that were newly found during the fieldwork are indicated as ‘New’ points.
It can be seen that most confirmed RCHs in strip 1 lied close to the slopes of the dunes. During
fieldwork, confirmed RCHs were given often the description that they were located close to or a short
distance of a slope, in between two slopes that are positioned opposite of each other or enclosed by
two dune arms. These descriptions indicate that most confirmed RCHs were not found on a slope but
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in the proximity of a slope. Later on in the results, this will be described more thoroughly. Moreover,
during the fieldwork, also possible RCHs were rejected, because the shape of these RCHs was not
recognized in the field and no charcoal was found in the soil. Namely, in the agricultural fields in the
south, 38 points were rejected. Moreover, in the northeast of the strip, 7 possible RCHs were rejected.
These rejections will be discussed further in the discussion.

4.2.2 Spatial analysis of confirmed RCHs
In this section, the spatial distribution of the confirmed RCHs will be analysed. Figure 20 shows the
confirmed RCHs in strip 1 and 2. This figure contains all confirmed RCHs, except one RCH in strip 3.
This RCH is not shown on the image due to the fact that it not fits on the extent of the image. Namely,
the point lies further to the west.
In this spatial analysis, the confirmed RCHs will be analysed on four slope maps. Around all
RCHs, buffers with a 50 metre radius. These buffers add a useful value to the analysis of the
confirmed RCHs, as the buffers indicate how close the RCHs are located to dune slopes. Namely, if
higher slope values, such as yellow, orange and red, lie in the circle around a RCH, the RCH is closer
to a slope than if mostly lower values, such as shades of green, are within the buffer circle. In figure
20, the locations that will be displayed on the four slope maps are indicated. Moreover, a figure
containing the confirmed RCH on a slope map in strip 3 is added to appendix D.
The legend of the slope maps is based on the legend of Frank (1987) and has 7 classes.
Occasionally, RCHs are indicated with a number, as the position of these RCHs or clusters of RCHs
will be described more specifically than the other RCHs. The aim of this section is to give a better
overview of the locations on which RCHs were identified during the fieldwork. The position of RCHs
compared to the dune slopes will be described, in order to research if the RCHs lie on dune slopes,
close to dune slopes or further away on from dune slopes. This is important to research, as visually
inspecting the position of the RCHs could give more insight into on which positions it was usual to
create CHs and thus how the geomorphology of the landscape (the presence of dunes and its slopes)
influences the locations of RCHs. This visual inspection is based on what is seen on the slope map,
such as the buffers around the points, and on descriptions made during the fieldwork. Then, later on in
the discussion, the findings in this section will be further discussed.
After the positions of the confirmed RCHs are visually analysed, the results of slope
identification method 1, 2 and 3 will be described in order to acquire more information about the
steepness of the slopes on which the RCHs are located and to research if they statistically lie on flatter
areas or more sloped areas. Moreover, all methods will be used to classify the confirmed RCHs
according to the slope classes of Frank (1987). To see the entire slope map of strip 1, 2, and 3, see
appendix E.
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Figure 20: Confirmed RCHs in strip 1 and 2. The locations of slope map 1, 2, 3 and 4 are indicated in
this figure by the rectangles.
In figure 20, it is observed that most confirmed RCHs are found in the parts of the fieldwork area that
contain the most relief. Namely, the locations 2, 3 and 4 could be considered as more sloped areas,
containing more dune ridges and slopes, while the confirmed RCHs in location 1 are located on a
flatter area, as well as the RCH in strip 3 out of the extent of the image. Furthermore, in location 2, 3
and 4, 34 confirmed RCHs were found while in location 1 and strip 3 only 10 RCHs were found.
During the fieldwork, also possible RCHs indicated by research from the university of Cottbus were
visited. In appendix F, it can be seen that there is some overlap between the Cottbus points and the
possible RCHs that were confirmed.
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Figure 21: Confirmed RCHs on a slope map: Location 1. This location is the most western location
and is in strip 2. The legend of the slope map is based on Frank (1987). In the figure, relevant
confirmed RCHs and/or clusters of confirmed RCHs are indicated with a number.
Figure 21 shows confirmed RCHs in strip 2. It can be noticed that a cluster of RCHs is located in the
north of the area on quite flat land (1). The buffers of 50 metre radius around the cluster points show
that the points are not located close to the beginning of the slopes of the dunes in the south. Moreover,
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although the three southern points (2, 3 and 4) lie in between dune arms, they are located a substantial
distance from the beginning of the dune slopes to the north as well as to the south.

Figure 22: Confirmed RCHs on a slope map: Location 2. The confirmed RCHs of this location are
located in both strip 2 (left strip) and strip 1 (right strip). The legend of the slope map is based on
Frank (1987). In the figure, relevant confirmed RCHs and/or clusters of confirmed RCHs are
indicated with a number.
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In figure 22, 13 RCHs are shown. The 12 RCHs in the south are located close to each other. The
buffers in the figure show that the points are located close to the dune slopes, most of them ample
within the 50 metre radius of the buffers, especially the points on RCH positions 1, 2 and 3, which lie
in between two slopes. Namely, the cluster of 4 RCHs (1) lies in between two slopes, one in the north
and one in the south. Moreover, the RCHs that are indicated with the numbers 2 and 3 lie in between a
slope to the west and a slope to the east. The RCHs west of number 1, 2 and 3 lie a bit further from the
dune but still close to or at the beginning of dune slopes. Finally, to the east, point 4 is located in the
lee of two big dune ridges. Here, the RCH is also located east of a steep western slope. Overall, it is
seen on the slope map that there is more relief in location 2 (Figure 22) than in location 1 (Figure 21)
and it can also be seen that more RCHs were found on location 2 than on location 1.
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Figure 23: Confirmed RCHs on a slope map: Location 3. This location is in strip 1. The legend of the
slope map is based on Frank (1987). In the figure, relevant confirmed RCHs and/or clusters of
confirmed RCHs are indicated with a number.
In figure 23, four clusters of RCHs are found. The points in cluster 1 are located in between two small
dune ridges. On the map, small relief differences are seen that indicate this, but also during fieldwork,
this was observed. The RCHs in cluster 2 lie south of the northern dune slope and the RCHs of cluster
3 are surrounded by dunes, sheltered by dune ridges to the north, east and south. Just like cluster 3,
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cluster 4 is also enclosed by dune ridges. When analysing the buffers, the RCHs found on the different
positions in this area are in general located close to or on the beginning of slopes, often sheltered by
these slopes.

Figure 24: Confirmed RCHs on a slope map: Location 4. This location is in strip 1. The legend of the
slope map is based on Frank (1987). In the figure, relevant confirmed RCHs and/or clusters of
confirmed RCHs are indicated with a number.
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Figure 24 shows the south of fieldwork strip 1. In this figure, 4 RCHs lie in between the dune ridges,
shielded from many directions. Namely, the two RCHs on position 1 are located close to a steep dune
slope to the west of the RCHs. At position 2, two RCHs are positioned close to a slope to the east. The
buffers display that the RCHs at both position 1 and position 2 are close to the slopes, as the higher
slope values lie well within the buffer circles of these RCHs. Moreover, at position 3, a RCH lies on a
small slope, east of the big dune ridge.

4.2.3 Distribution of confirmed RCHs on different slope classes
Using slope determination methods 1,2 and 3, the slope of each RCH was determined. The table below
shows the resulting distribution of the RCHs over the different slope classes of Frank (1987):
Table 2: The distribution of RCHs in terms of location on different slope classes.
Slope class
Method 1
Method 2
Method 3

0° - 0.5°
0
0
0

0.5° - 2°
0
0
0

2° - 4°
20
18
13

4° - 7°
22
22
26

7° - 11°
2
4
5

11° - 15°
0
0
0

>15°
0
0
0

Table 3: The minimum, maximum and mean slope values for method 1, 2 and 3.
Slope value

Minimum

Maximum

Mean

Method 1
Method 2
Method 3

2.891753°
2.859194
2.725279°

8.58802°
10.9742°
9.130588°

4.321264°
4.576303°
4.905861°

Mean buffer
radius
14.85267 m
24.85267 m
50 m

Table 2 shows that for all three methods most RCHs were found in the class of 4° - 7°. Besides this
class, the most RCHs were found in the class of 2° - 4° and the least RCHs were found in the class of
7° - 11°. This means that for the three methods no RCHs were found in the two lowest classes (0° 0.5° and 0.5° - 2°) and the two highest classes (11° - 15° and >15°). Moreover, table 3 shows that
method 3, with the biggest buffer circle, has the highest mean slope value while method 1, with
smallest buffer circle, has the lowest mean slope value. It can be seen that the mean slope values for all
three methods are not very high, as the means lie in between 4° and 5°. The table also shows that with
method 1, 7 more RCHs were found in the 2° - 4° class compared to the RCHs that were found with
method 3. The figure below shows a boxplot of the slope values found in the method with highest
mean slope value (method 3) (Figure 25).

Figure 25: Boxplot of the slope values found on the 44 RCH locations, using method 3. The black
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horizontal line gives the median (the middle value of the dataset) (Towards Data Science, 2018). The
box shows the interquartile range (the range of the 25th and 75th percentile). This means that 50
percent of the RCHs lies in the vertical range of the box. The upper and lower horizontal lines indicate
the calculated maximum and minimum values, based on the interquartile range. These do not have to
indicate the real minimum or maximum value, but they indicate the values based on the frequency
distribution of the data. The point in the upper side of the image is indicated as an outlier and is in this
case the maximum value of the dataset.

4.2.3 Linear regression analysis: The relationship between slope and diameter

Figure 26: Boxplot showing the distribution of the diameters of the confirmed RCHs. The black
horizontal line gives the median (the middle value of the dataset) (Towards Data Science, 2018). The
box shows the interquartile range (the range of the 25th and 75th percentile). This means that 50
percent of the RCHs lies in the vertical range of the box. The upper and lower horizontal lines indicate
the calculated maximum and minimum values, based on the interquartile range. These do not have to
indicate the real minimum or maximum value but they indicate the values based on the frequency
distribution of the data. The point in the lower side of the image is an outlier and is in this case the
real minimum value of the dataset.
The mean diameter of all the confirmed RCHs (44 RCHs) is 9.705341. This diameter values will be
used in slope determination method 1 and 2 to calculate the slopes of the locations on which the
confirmed RCHs are located. During the fieldwork, the shape of each RCH was noted down. It turned
out that most RCHs were circular and only 5 RCHs were ellipse-shaped (see appendix G).
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Method 1:

Figure 27: Linear model of the relationship between the steepness of the slope on which a RCH is
located and the diameter of a RCH, using method 1.
The figure above shows a weak negative relationship between the steepness of the slope on which a
RCH is located and the diameter of a RCH. Namely, although the p-value of the linear model is below
the significance level of 0.05 (p-value = 0.01164), R-squared is low. In this linear model, R-squared is
0.1421, which means that a proportion of 0.1422 of the dependent variable ‘Mean diameter’ is
explained by the independent variable ‘Slope’.
The formula of the trend line through the points can be derived from the summary of the linear model.
Namely, the formula is: y = -0.6021x + 12.3070
12.3070 is the intercept, which is the y-value when x = 0 and thus intersects the y-axis. -0.6021 is the
slope of the line (the gradient).
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Method 2:

Figure 28: Linear model of the relationship between the steepness of the slope on which a RCH is
located and the diameter of a RCH, using method 2.
In method 2, a radius of 24.8526705 (mean diameter/2 + 20) was used for the buffer circle. The linear
model for the second method gave different results than for the first method. Namely, in contrast to the
first method, the model gave a p-value that is higher than 0.05 (0.09177). This means that according to
the model, there is no significant relationship between the slope on which a RCH is located and the
diameter of a RCH. Moreover, the R-squared value is low (0.0662), which also indicates that only a
small proportion of the dependent variable ‘Mean diameter’ is explained by the independent variable
‘Slope’.
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Method 3:

Figure 29: Linear model of the relationship between the steepness of the slope on which a RCH is
located and the diameter of a RCH, using method 3.
The results of the third method are similar to the results of the second method. The p-value of the
linear model is even higher than the p-value of method 2: 0.1478 compared to 0.09177. This means
that according to the model, there is no significant relationship between the slope on which a RCH is
located and the diameter of a RCH. Furthermore, the R-squared value is lower than the R-value of
method 2: 0.04922 compared to 0.0662. As the p-value of this method is higher than 0.05 and the Rsquared is low, no correlation between slope and diameter is found using this method.
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4. Discussion
Rejected RCHs

As shown in the results, not all possible RCH points that were found during the preprocessing phase
were confirmed during the fieldwork. For example, in the south of fieldwork strip 1, 38 points were
identified as possible RCHs (Figure 17). 27 of the 38 points could not be visited during the fieldwork
due to the presence of cows in the field, but the location of the other 11 points could be visited.
Nevertheless, the 11 points were all rejected, as the form of the suspected RCHs could not be
recognized in the field. Moreover, on the locations of these possible RCHs, no charcoal could be
found. This has led to that all points were rejected. A possible explanation for this rejection could be
that the agricultural field has been ploughed too much by farmers since the creation of the RCHs,
leading to a loss of the shape of the RCHs and the soil material of the RCHs.
Another example of possible RCHs that were rejected is a cluster of 7 points in the northeast
of fieldwork strip 1. In the north-eastern part of the fieldwork strip, eight points were given a high
certainty of being a RCH. Nevertheless, only one of the eight points was confirmed to be a RCH
during the fieldwork, as the other points were not recognized in the field and no charcoal was found in
the soil. In this area, the foresters possibly have ploughed the forest on several locations, as plough
lines were noticeable in the field. It is possible that on the locations of the 7 rejected points, the soil
was ploughed and changed too much, resulting in that the characteristic shape of the RCHs in the
landscape has disappeared and no charcoal could be found anymore in the soil, while on the location
of the confirmed RCH, the soil was not ploughed as much.

Slope determination methods

In this research, 3 slope determination methods were used. The three methods have led to different
results. In method 1, the lowest buffer radius was used (14.85267) and this resulted in that the lowest
mean slope value was found (4.321264°), while method 2 (4.576303°) and 3 (4.905861°) have
resulted in slightly higher mean slope values. Out of the three methods, it is likely that method 1 is the
most reliable. The main reasons for this statement is that in method 2 and 3, the slope values of the
RCHs were calculated for a bigger area than in the first method. Namely, the radii of the circles are
approximately 10 metres and 35 metres bigger for method 2 and 3 compared to the radii of the circles
in method 1. In the field and digitally, it was observed that on a smaller scale the landscape generally
has quite some relief differences. Especially during the fieldwork, it can be said that the landscape was
never entirely flat. It was observed in the field that it was sometimes hard to determine the slope of the
location, as there were often some small elevation differences. Moreover, it was quite often the case
that a RCH was located in between different slopes. Thus, when using a high radius to calculate the
mean slope of the RCH location, a lot of small relief differences and higher slope values from different
slope directions could have been captured, which could result in slope values that are not entirely
applicable to the slopes on which the RCHs are located. Nevertheless, the first method captured only a
10 metre radius of the environment outside the RCHs (radius of each RCH + 10 m outside these
RCHs), which increased the chance of capturing only the slope on which the RCHs were located and
not also other slopes/relief. This is why slope determination method 1 could be the most reliable of the
three methods.

Spatial distribution of confirmed RCHs

A spatial analysis of the confirmed RCHs was done with the use of a slope map and buffers with a 50
metre radius. The spatial analysis showed that most RCHs were found in the eastern part of the
fieldwork area, especially in the eastern part of strip 2 and in strip 1. These parts of the fieldwork area
have the most relief, containing the most and the highest parabolic dune ridges. Thus, the analysis
showed that the CHs were often built in areas where more relief was present. Moreover, it was noticed
with the aid of buffer circles that most RCHs lied close to the dune slopes. The analysis showed that
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most RCHs were not located on steep slopes, but more in the proximity of dune slopes. They were
often found at the flatter areas at the beginning of the dune slopes, but not on the steeper parts of the
slopes. In the analysis, a few examples are given of that RCHs lie on one side of a dune slope, for
example to the east of a dune slope. Besides locations on one side of a dune, RCHs were also often
surrounded by dune ridges from multiple directions. It also occurred that RCHs were found in between
two slopes that were located opposite of each other. Thus, many RCHs were found in the lee of dunes.
The main reason why many CHs were located on these positions could be that they were sheltered
from the wind during its production, avoiding that the fire of the CHs was extinguished by the wind. In
research of Raab et al. (2019), the spatial distribution of RCHs in the Jänschwalde and Tauer area was
analysed. The reason that was given for the fact that RCHs were found in v-shaped valleys in the
Jänschwalde area was that these RCHs were sheltered from the wind, which is comparable to the
function of dunes as shelter from the wind in the fieldwork area. Moreover, it was important that
enough wood was available for charcoal production (Raab et al., 2019). When CHs were built near
slopes for shelter against the wind, an additional benefit would be that wood was easier to transport on
slopes than on flatland (Raab et al., 2017). Thus, a possibility could be that the piles of wood for the
creation of the charcoal hearths were transported downslope and that the CHs were built at the foot of
the slope, while having the advantage that the burning piles of wood were not exposed to the wind.
Lastly, more construction efforts were needed on slopes than on flat land (Raab et al., 2017). This
could also be a reason to build the CHs on the flatter areas close to the beginning of the slope instead
of on the slope. A finding that could support this reasoning is that during the fieldwork, there was not
found any stones or boulders in the fieldwork, which were used to stabilize RCHs on slopes (Bonhage
et al., 2020; Figure 3). Nevertheless, although Raab et al. (2017) concluded that the building
techniques of RCHs in Connecticut are similar to the building techniques in Europe, it is likely that the
building techniques in Connecticut are not entirely applicable to the research area, especially the use
of boulders on slopes. Namely, the RCHs in Connecticut were built on a more rocky landscape with
higher elevations. It could be possible that these building techniques are more applicable to landscapes
in Germany that are similar to the Connecticut landscape. Moreover, it is a possibility that in
Connecticut, there was more necessity to built on slopes due to the lack of space on flatter land, while
in the parabolic dune area of the Baruth Ice-Marginal Valley, there was more space on the flatter areas
close to the slopes and there was less necessity to put effort into constructions on the slopes.

Distribution of confirmed RCHs over different slope classes

After the spatial analysis, the spatial distribution of the confirmed RCHs was analysed by dividing
them over different slope classes, based on the calculated slope values of the RCHs with slope
determination method 1, 2 and 3. For all methods, most RCHs were found in the slope classes 2° - 4°
and 4° - 7°. According to the three methods, the RCHs generally were found on areas that have a low
steepness. This statement is more likely to be the case when, as earlier discussed, it is likely that
method 1 (with the lowest mean slope value of 4.321264°) is the most reliable method for slope
determination, as method 1 had a buffer size which was smaller and more fitting to the scale of the
area, making method 1 more reliable. In this case, the minimum buffer circle size (50 m radius) that
was recommended by Frank (1887) would be too big for this research area, as the smallest buffer size
seems to be the most reliable. This is in line with what was mentioned in the methodology as
reasoning for the fact that also method 1 and 2 were used, which was that the proposed buffer radius of
Frank (1987) in order to be able to distribute the RCHs into the classes of the legend of Frank (1987)
is aimed at bigger areas and the fieldwork area is smaller compared to these areas.

The relationship between the steepness of the slope and the diameter of a RCH

There are several reasons for the fact that in the first method the model resulted in that there is a weak
significant negative relationship between slope and diameter, while in the second and third method the
model indicated that there is no significant relationship between the two variables. Nevertheless, in
method 1, the R-squared value of the model was not very high (0.1422), the relationship between the
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variables was not clearly visible in the graph and there is a high chance of random errors, especially
when the slope values differ a small amount from each other. Moreover, there is a possibility that
errors were made during the fieldwork while measuring the diameter, which could also influence the
relationship. Namely, it is possible that the diameter was not always measured from the exact location
of one ditch to the location of the other ditch, as it was sometimes hard to discover where exactly the
ditch of the RCH was located. These reasons result in that method 1 does not give strong evidence for
a relationship between the slope on which a RCH is located and the diameter of a RCH. Nevertheless,
a relationship is still found and previously done research supports that there could be a relationship
between the two variables. For example, in research of Bonhage et al. (2020), RCHs on flatlands and
on sloped areas were compared by researching the diameter and soil of RCHs on different slopes in
Connecticut (USA). Although as earlier discussed it is likely that the building techniques were not
entirely similar, the results of the research of Bonhage et al. (2020) were that there was a moderate
negative relationship between the steepness of the slope and the diameter of a RCH. This means that
when the steepness of a slope increased, the diameter of the RCHs decreased. These results are similar
to the results of the research of this thesis. Moreover, research of Struiksma (2018) and Hirsch et al.
(2017) indicate the same relationship. Thus, this could be an indication that there could be a
relationship between slope steepness and RCH diameter, but there is still uncertainty.

The influence of cultural aspects of the landscape on RCH distribution

Besides the geomorphology of the landscape, there are also other factors that could influence that
positioning of RCHs. Namely, RCHs could also have a relationship with cultural aspects of the
landscape, such as roads and ironworks (Raab et al, 2019). Figure 30 shows the confirmed RCHs on
an old map from 1841. Buffer circles with a 50 metre radius indicate how close the RCHs are to the
old roads. It can be seen that almost all RCHs are located close to an old road. Especially in the middle
of the map, many RCHs are located within 50 metres of the old roads. In strip 2, a cluster of RCHs
was found on quite flat land. A possible explanation for the fact that a cluster of 6 RCHs was found on
a flat area that is not sheltered from the wind by any relief could be that these RCHs are located close
to an old road to the north. The buffer circles show that some of them were positioned within 50
metres of the road. The fact that many CHs were built near roads could be explained by that these
positions could be useful for the transport of materials to the CHs and charcoal away from the CHs. It
could be plausible that via the old roads, the charcoal was transported back to the Schmelze. The
Schmelze is indicated on the map with the red dot and the river Hammerflieβ can be observed to the
south of the Schmelze. Furthermore, besides the presence of dunes, the position of the Schmelze in the
east of the research area could also be a reason why most RCHs were found in the east of the research
area, in strip 1 and 2, and only one RCH was found in the west of the research area, in strip 3. Namely,
it could be plausible that the CHs were created close to the Schmelze in order to decrease the travel
distance from the CHs to the Schmelze.
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Figure 30: Confirmed RCHs with 50 metre buffer zones and the location of the Schmelze on a map
from 1841.

Relevance and recommendations

Humans have impacted landscapes for an extended period of time (Lepart & Debussche, 1992). For
example, they have changed vegetation structure and land cover. Relict charcoal hearths are an
example of how humans can impact a landscape. Namely, after more than two centuries, the remnants
of the human impact are still visible in the landscape in the form of RCHs. Thus, this research might
give more insight into how humans have impacted the landscape in the past. This research also shows
a different period in the energy transition, namely a period in which mostly charcoal was used.
Moreover, this research could be a good example of how different factors that influence landscape
formation are connected with each other. Namely, different disciplines come together in this research:
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land use change (creation of RCHs and a smelter), geomorphology (formation of parabolic
dunes/slope classification) and soil science (search for charcoal in soil profiles). The methodology of
this research could be used in similar research in which also different factors and disciplines have
influence on the formation of a landscape. For example, the steps taken in the preprocessing, fieldwork
and postprocessing phases could be applicable on other interdisciplinary research and that is why the
methodology of this research is recommended. For further research of this subject, a bigger sample
size, as opposed to the sample size of 44 RCHs in this research, could be used in the linear regression
analysis, because the results are more prone to potential errors in measuring the diameter and
calculating the slope if the sample size is small. Moreover, it could be further explored if with
different slope determination methods, for example by using bigger or smaller buffer circles, RCHs
would have been placed in different slope classes. Moreover, it could be explored what the results of
the relationship between the steepness of the slope and the diameter of a RCH would be if different
slope determination methods were used.
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5. Conclusion
In this research, two sub-questions were attempted to be answered in order to answer the main
research question of this thesis: How does geomorphology influence the spatial distribution and size of
relict charcoal hearths in the Baruth Ice-Marginal Valley in Brandenburg?
The first sub-question answers the first part of the main research question, which is how
geomorphology influences the spatial distribution of RCHs:
- What is the spatial distribution of relict charcoal hearths in terms of location on different slope
classes?
The spatial analysis of the confirmed RCHs on a slope map and the use of three slope
determination methods to divide the confirmed RCHs over different slope classes has resulted in
several conclusions. At first, in this research area, most RCHs were found in the parts of the fieldwork
area that contained the most relief, namely in the eastern part of strip 2 and in strip 1. Furthermore, the
confirmed RCHs were often located on the relatively flatter areas at the beginning of the dune slopes
or on the part of slopes with a small steepness, but they were not often located on the steeper parts of
dune slopes. In addition to this, when distributing the confirmed RCHs over different slope classes,
most RCHs were found in the slope classes 2° - 4° and 4° - 7°. For all three methods, the found mean
slope values ranged between 4.321264° and 4.905861°, with method 1 (with mean slope value
4.321264°) being the most reliable method. Thus, overall the RCHs were found on slopes with a
relatively low steepness, which is in line with the earlier observations that confirmed RCHs were often
located on relatively flatter areas. The confirmed RCHs were often found close to dune slopes. They
were mostly lying on one side of a dune, in between two opposing dune slopes or enclosed by two or
more dune slopes from different directions. Thus, CHs were created on positions where the CHs were
sheltered. The main reasons for the fact that RCHs were found at these locations is that these locations
were favourable for the charcoal production. Namely, when the CHs lied in the lee of the dunes, they
were sheltered from the wind, which resulted in a smaller chance that the fire of the CHs went out.
Moreover, and additional advantage would be that transportation of wood and other materials would
be easier if the materials were transported downslope to the CH at the foot of the slope as opposed to
transporting materials to flat areas at positions further away from slopes.
The second sub-question answers the second part of the main research question, which is how
geomorphology influences the size of RCHs:
- What is the relationship between the steepness of the slope on which a relict charcoal hearth is
located and the diameter of a relict charcoal hearth?
Out of the three linear models used to calculate the slope values of the confirmed RCHs, only
the model using method 1 showed a weak significant negative relationship between the steepness of
the slope on which a RCH is located and the diameter of a RCH, meaning that the diameter of the
RCHs decreased if the slope value increased, while the other two models showed no significant
relationship. The found relationship with method 1 is quite weak, because the found R-squared value
was low. Nevertheless, slope determination method 1 is considered to be the most reliable of the three
methods and other literature supports that it is possible that there could be a negative relationship
between the two variables. Thus, it is possible that there is a negative relationship between the two
variables for this RCHs in this research area. Nevertheless, the low R-squared value and the fact that
the other two models did not show a significant relationship makes this statement uncertain.
All in all, although a weak negative relationship between the two variables was found in this thesis, it
can not be said with certainty if this relationship actually exists for the RCHs found in this research
and it can not be said with certainty how strong this relationship would be. Especially when taking into
consideration that the sample size of this research was quite small (44 RCHs), the results could be
prone to potential errors in measuring the diameter and calculating the slope. That is why it is
recommended that in further research bigger sample sizes are used in combination with variations on
the used slope determination methods in order to explore if a bigger sample size and different slope
determination methods leads to results with a higher certainty.
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Appendix A: Data files
Table 4: Data files used in this research, as well as their format, date, resolution and scale.
File name
Baruth EPSG 25833
Las_Dataset_2022
DEM
Hillshade_Map
Slope_Map
Confirmed_RCHs_Strip_1_2_3
Possible_RCHS_Strip_1_2_3
Confirmed_Rejected_Not_Examined_Points
WMS BB-BE DOP20c
URL: https://isk.geobasis-bb.de/ows/dop20c_wms?
3946Paplitz1841crgeoref
Geomorphological_Map_2020_2021
Cottbus Points

Format
.mp
.lasd
.tif
.tif
.tif
.shp
.shp
.shp
.tif

Date
2022
2011/2012
2011/2012
2011/2012
2011/2012
2022
2022
2022
-

Resolution
1 point/m2
0.5 m
0.5 m
0.5 m
0.0001 m
0.0001 m
0.0001 m
0.20 m

Scale
1:10000
1:10000
1:10000
1:10000
1:10000
1:10000
1:10000
1:10000
1:10000

.tif
.shp
.shp

1841
2021
2017

2.1 m
0.0001 m
0.0001 m

1:10000
1:10000
1:10000
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Appendix B: Figure from Bonhage et al. (2020)

Figure 31: Figure from which figure 3 was derived (Bonhage et al., 2020).
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Appendix C: Legend of Frank (1987)

Figure 32: Part of the legend of Frank (1987) that contains the 7 slope classes that were used
in this research.
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Appendix D: Confirmed RCH in strip 3 on a slope map

Figure 33: Confirmed RCH in strip 3 on a slope map.
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Appendix E: Confirmed RCHs in strip 1, 2, 3 on a slope map

Figure 34: Confirmed RCHs in strip 1, 2 and 3 on a slope map.
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Appendix F: Confirmed RCHs and Cottbus points

Figure 35: Confirmed RCHs and Cottbus points on a hillshade map.
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Appendix G: Attribute table of the layer
Confirmed_Rejected_Not_Examined_Points
Table 5: Attribute table of the dataset used in this research. This table is from the feature layer that
contains all possible and new RCHs with three different confirmation statuses. Certain fields, such as
‘OBECTID’, ‘soil’ and ‘description’ were removed from the table in order to fit the table in the thesis.

Certainty Confirmation Shape_RCH Date
Low
Low
Medium
Medium
Low
Low
Medium
Medium
Medium
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium
Medium
Medium
Medium
Medium
High
High
Medium
High
Medium
Medium
High
Medium

Not_Examined
Not_Examined
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Confirmed
Confirmed
Confirmed
Confirmed
Not_Examined
Not_Examined
Rejected
Not_Examined

Circular
Circular
Circular
Ellipsoid

2022-04-04 0:00:00
2022-04-04 0:00:00
2022-04-04 0:00:00
2022-04-04 0:00:00
2022-04-07 0:00:00
2022-04-07 0:00:00
2022-04-07 0:00:00
2022-04-07 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00

Diameter_S

Diameter_P

10.2
11.1
11.8
9.1

Diameter

11.9
11.2
12.3
11.1

2022-04-05 0:00:00
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Medium
Low
Low
High
Low
Low
High
Low
Medium
Low
Low
Low
Low
Medium
Medium
Medium
High
Medium
Low
Low
Low
High
High
High
Medium
Medium
Low
Low
Low
Low
Low
Medium
Medium
Low
Medium
Medium
Low
New
Low
Medium
Low
Medium
Medium
Low
Low
Medium
High
High

Not_Examined
Rejected
Rejected
Rejected
Not_Examined
Rejected
Rejected
Not_Examined
Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Not_Examined
Rejected
Confirmed
Rejected
Confirmed
Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected
Rejected
Confirmed
Rejected
Rejected
Confirmed
Confirmed
Not_Examined
Confirmed
Not_Examined
Not_Examined
Not_Examined
Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected
Rejected

2022-04-07 0:00:00
2022-04-07 0:00:00
2022-04-07 0:00:00
2022-04-07 0:00:00
2022-04-05 0:00:00
2022-04-07 0:00:00

Circular
Circular
Circular
Circular
Circular

2022-04-06 0:00:00
2022-04-04 0:00:00
2022-04-06 0:00:00
2022-04-04 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00

8.9
10.4
9
7.5
14.1

8.2
10.7
10.2
8.2
13.1

Circular

2022-04-06 0:00:00
2022-04-05 0:00:00

9.8

9.9

9

9.2

9.3

8.9

7.3
8.7

9.4
9.8

10.2

9.9

Circular

2022-04-05 0:00:00
2022-04-05 0:00:00

Circular
Circular

2022-04-08 0:00:00
2022-04-08 0:00:00
2022-04-08 0:00:00
2022-04-08 0:00:00
2022-04-08 0:00:00
2022-04-08 0:00:00
2022-04-08 0:00:00

Circular

2022-04-08 0:00:00

Circular

2022-04-05 0:00:00

2022-04-07 0:00:00
2022-04-07 0:00:00
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Medium
Medium
Medium
Low
High
High
High
High
High
High
High
High
High
High
High
Low
Low
Low
Low
Low
High
High
High
Medium
Low
Low
Low
Medium
Medium
High
Medium
Low
Low
Low
High
Medium
Low
Medium
Medium
Low
Low
Medium
Medium
Medium
Medium
Medium
High
High

Rejected
Not_Examined
Not_Examined
Not_Examined
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected
Rejected
Confirmed
Circular
Not_Examined
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined

2022-04-07 0:00:00

2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00

2022-04-05 0:00:00
2022-04-05 0:00:00

10.3

11.3

2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00

2022-04-06 0:00:00
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Low
High
Medium
Low
Medium
High
High
High
Medium
Low
Low
Low
Medium
Low
Low
Low
High
Medium
High
High
Medium
Medium
High
High
Low
Medium
High
High
High
High
High
High
High
High
High
New
New
New
New
New
New
New
Low
Medium
Low
Low
Low
Low

Not_Examined
Rejected
Rejected
Rejected
Not_Examined
Rejected
Rejected
Rejected
Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected
Rejected
Not_Examined
Not_Examined
Rejected
Rejected
Not_Examined
Not_Examined
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Not_Examined
Rejected
Rejected
Rejected
Not_Examined
Not_Examined

2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-06 0:00:00
2022-04-08 0:00:00

2022-04-06 0:00:00
2022-04-06 0:00:00

2022-04-06 0:00:00
2022-04-06 0:00:00

Circular
Ellipsoid
Circular
Circular
Ellipsoid
Circular
Circular

2022-04-06 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-05 0:00:00
2022-04-07 0:00:00
2022-04-07 0:00:00
2022-04-08 0:00:00
2022-04-08 0:00:00
2022-04-08 0:00:00

12
6.5
10
12
5.7
5.2
11.7

11.6
8.4
10.7
12
7.7
5.9
11
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Low
High
Low
Low
Low
Low
Low
Medium
Low
Medium
Medium
Medium
Low
High
High
Low
Low
Low
Low
Low
Medium

Rejected
Confirmed
Rejected
Not_Examined
Not_Examined
Rejected
Rejected
Rejected
Rejected
Confirmed
Confirmed
Circular
Rejected
Not_Examined
Rejected
Rejected
Rejected
Rejected
Not_Examined
Not_Examined
Not_Examined
Confirmed
Ellipsoid

Medium

Confirmed

Circular

High
High
Medium
Medium
New
New
New
New
New

Confirmed
Rejected
Rejected
Rejected
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed

Circular

New

Confirmed

Circular

New
New
New
High
High
High
High
High
New
New
New
Low

Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Rejected
Rejected
Confirmed
Rejected

Ellipsoid

810

2022-04-07 0:00:00
2022-04-06
11:27:36
2022-04-06
10:15:37

2022-04-06
10:28:36
2022-04-06
10:56:56

Circular
Circular
Circular
Circular
Circular
Circular

Circular

2022-04-05 0:00:00

10.7

10.9

11.9

10

7.7

7.3

8.9

9.6

1040

870
1156
883
640
760
10.1

10.1

10.1
12.2
10.85
11.5
11.8
12.2
10.2
9.97

11.55
0
10.24
11.2
11
12.4
10.5
9.18

2.1

2.1
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Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
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Appendix H: Fieldwork images
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