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Abstract
Charcoal is an important energy resource in the Sub-Saharan Africa. Unfortunately, charcoal
production is inefficient and leads to high deforestation rates. The inefficiency of charcoal
production has been researched, but focus was mainly on the construction and material of the
hearths. There is a lack of studies on the impact of climatic conditions on charcoal
manufacturing. Throughout history, until the second half of the 19th Century, charcoal was an
important energy source for the local iron industry in Brandenburg, Germany (DE). Back
then, this fuel was also produced in charcoal hearths (CHs). Remains of these CHs are called
relict charcoal hearths (RCHs), and are still visible in current the landscape. This thesis
contains a geoarchaeological research on RCHs in order to understand the relation between
charcoal production and one specific climatic condition: wind. To elaborate, the spatial
distribution of relict charcoal hearths will be analyzed, concentrating on the lee zones of
dunes. The research area is located near Horstwalde, in the Central Baruth Ice-Marginal
Valley. Three phases have been undergone for this study: firstly, pre-processing; with the use
of Remote Sensing and GIS, possible RCHs were determined by their geomorphological
features. Secondly, the fieldwork; soil research confirms or rejects these previously, digitally
determined RCHs. Thirdly, the postprocessing; creating a map of the spatial distribution of
the RCHs in the area and an additional map of the parabolic dune ridges and their lee zones in
ArcGIS. Furthermore, a statistical analysis of the collected field data has been performed. The
result of the null hypothesis significance test states that there is a significant relation between
the lee zones of the dunes and the locations of the RCHs. This means, that most RCHs lie
leeward of the dune crest(s). The results of this study are not sufficient to draw conclusions,
but further research on wind and other climatic conditions in relation to charcoal hearths is
recommended.
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1. Introduction
Biomass, in particular charcoal, is an important renewable energy resource in the Sub-Saharan
Africa (SSA) (Karekezi & Kithyoma, 2003). SSA is estimated to account for 65% of global
charcoal production (Mensah et al., 2022). The biggest producers of charcoal in SSA are
smallholders who chop trees from nearby forest landscapes, and use earth kilns to turn wood
into charcoal (Mohammed et al., 2015).
A problem with this energy resource is its inefficiency, as charcoal kilns have a
conversion efficiency of 10-20% (Mensah et al., 2022). In SSA countries such as Ghana,
Tanzania, Nigeria and Zambia, charcoal production is responsible for high deforestation rates,
causing 71.2 million tonnes of carbon dioxide and 1.3 million tonnes of methane emissions
(Chidumayo & Gumbo, 2013). A combination of agroforestry and improved kilns could
reduce the harvest pressure significantly (Iiyama et al., 2014). Even though changing to
modern energy resources such as solar energy would be more sustainable, but considering
economic conditions one has to realize this is unfeasible in the near future in SSA (Iiyama et
al., 2014).
Contrarily to these environmental difficulties, charcoal does have high economic and
livelihood importance, it improves welfare for these SSA countries (Mensah et al., 2022;
Smith et al., 2019). Therefore, it is valuable to research charcoal production. The goal is to
create a more efficient and thus sustainable manufacturing process, which will lead to a
decline in deforestation. This thesis
will focus on the historical charcoal
production to help gain knowledge and
improve the efficiency of current
charcoal production. Understanding
how this resource was obtained back in
the 16th to 19th century, will generate
new insights on current questions
around biomass potentials and
efficiency.
Biomass with wood as a
resource is the eldest form of energy
utilized by humans (Demirbas et al.,
2009). Charcoal has also been an
important energy source in Germany
between the 16th and 19th century. In
Brandenburg charcoal was
predominantly used as a fuel for
ironworks and other metalworking
industries (Raab et al, 2019; Rösler et
al., 2012). Charcoal is derived from
wood, which is destructive distilled in
anoxic conditions, the residue is solid
and consists mainly of carbon (UNFigure 1: a) an old photograph of two men removing charcoal from the
DESA, 2019). This process takes place kiln. The underlying flat, circular hearth is visible excavated in the
slope; Wayne National Forest, Ohio, May 1942 (National Archives,
in an earth kiln (Figure 1), also called
Record Group 95: Records of the Forest Service, 1870–2008, National
charcoal hearth (CH) (Hirsch et al,
Archives Identifier: 2129419; Local Identifier: 419985) (Carter et al.,
2021), b) a schematic cross section of a charcoal kiln ready to be ignited
2017). On average this charring
(Carter et al., 2021). .
process took up to 20 days depending
on the CH size (Hirsch et al, 2017).
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In the current German landscape, one can determine the remains of this charcoal
production as relict charcoal hearths (RCHs) also referred to as relict charcoal pits, or
charcoal kilns. These RCHs can be identified by their geomorphological features, namely
elliptical or round platforms with a diameter of 3 to 20 meters (Raab et al., 2019). According
to previous research, there are two essential factors that played a role in the site selection for
CHs in Brandenburg: The availability of suitable wood for charcoalization and the transport
distance from the burning sites to the ironworks (Raab et al., 2019).
These RCHs have been studied for several years now and researchers are trying to
understand different aspects of these historical, anthropogenic landscape features. Former
studies focus on subjects such as soil formation (Hirsch et al., 2017), wood density and wood
chemical concentrations (Buras et al., 2020) or spatial distribution (Hirsch et al., 2020; Raab
et al., 2019). These studies mainly researched the subject from a geoarchaeological
perspective, thus modern-day applications for these research results were not implemented.
An aspect of the RCHs that has not yet been studied, is their spatial distribution in
relation to wind. The question if these charcoal kilns were always built in shielded areas or
also on windy locations, is still unanswered. This topic can be relevant to current charcoal
production in Sub-Saharan Africa, because shielded kilns might improve the efficiency of the
charcoalization process. The efficiency of a charcoal hearth is dependent on several factors
like the material (i.e. earthen, brick, metal), kiln size, moisture content of the wood, wood
species, wood arrangement, the skill of the producer, climatic conditions, temperature, oxygen
supply and pressure (Kammen & Lew, 2005; Seboka, 2009). However, current research has
failed to research the influence of climatic conditions on charcoal kilns. Nonetheless, as
previously mentioned, it is of interest to examine these climatic conditions given the possible
effects it has on the efficiency of charcoal hearths.
Apart from this modern-day relevance, there is also a historical relevance to the
subject. Comprehending pre-industrial charcoal production adds to historians’ knowledge on
energy resources in the 18th century. Therefore, this thesis will provide a geoarchaeological
research, with the following main research question: How is the spatial distribution of Relict
Charcoal Hearths relative to the dominant wind direction and the dune ridges? Is there a
higher percentage of RCHs found leeward of the dunes? The hypothesis is that charcoal
producers indeed constructed their kilns in lee zones, that the absence of wind improves
charcoal manufacturing.
One of the regions where RCHs have already been studied intensely, is East Germany.
The Central Baruth IceMarginal Valley is one of these
previously studied areas that
originates from the Weichselian
and Saalian glacial periods (de
Boer, 2000). In the landscape,
different geomorphological
features can still be recognized
(Figure 2Fout!
Verwijzingsbron niet
gevonden.). These features
were shaped by the following
Figure 2: A schematic view of the Baruth Ice-Marginal Valley and its different
landscape features. Translations of the German captions from left to right: Old
geomorphological processes:
moraine landscape (Altmoränengebiet), river valley (Urstromtal), terminal
(peri-)glacial, fluvioglacial,
moraine (Endmoräne), outwash plain (Sander),rough ground moraines
fluvial and aeolian
(kuppige Grundmoräne), flat ground moraines (ebene Grundmoräne), esker
(Os), young moraine landscape (Jungmoränengebiet), ice (Eis).
sedimentation and erosion. In
the north, one can find the
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young moraine landscape formed during the Weichselian glaciation, which is a glacial
geomorphological process. Moving southwards, ice and melt water from the glacier eroded
the old moraine landscape that originates from the Saalian glacial period, categorized as a
fluvioglacial process. Lastly, one can see the valley (‘Urstromtal’) which consists of flattened
river terraces, formed by the river of melt water coming from the glacier, a fluvial process
(Bakker, 2021; van der Krogt, 2015; Marcinek, 1961; de Boer, 1995). Subsequently, the
aeolian processes triggered by dominant westerly winds, have formed parabolic dunes on top
of this fluvioglacial valley (de Boer, 2000).
Snoek (2016) created a detailed map of the parabolic dune ridges and Geskus et al.
(2020) constructed a general geomorphological map of the Central Baruth Ice-Marginal
Valley. The steady wind direction and detailed mapping of dune ridges make the Baruth
region especially suitable for research on RCHs and their spatial distribution in relation to
wind. The exact research area is displayed below in Figure 3.

Figure 3: The location of the research presented by a red dot on the left. On the right a detailed visualization of the fieldwork
strips (red polygons), west of Horstwalde in the Federal State of Brandenburg, Germany. Base maps: Left: Digital imagery
map, Right: Topographische Karte der DDR (1:25000), geodatabase: © GeoBasis-DE/LGB 2022.

The fieldwork location (Figure 3) is presently used for agriculture. The northern
agricultural fields are covered with production forest, the parabolic dune area is also covered
with production forest and the southern agricultural fields are plain meadows covered with
grass, populated by cattle. The most southern part of the middle strip is the only area that is
not used for agriculture. Here one can find a swamp-like environment, overgrown with forest.

2. Theoretical framework
For this research, several concepts and theories are relevant, some of these parameters
require additional clarification. In this section, key concepts and theories are explained.
2.1 Geographic Information System (GIS) and Remote Sensing
Geographic Information System (GIS) is a common method used for connecting data
to maps. GIS is used to analyze information and assist problem solving. For instance, through
integrating location data and illustrative information, patterns in regard to the environment
can be understood (ESRI, 2022). This is particularly useful for management and
communication. For example, with GIS urbanization mapping can be improved. Which can
aid policy makers in decision making regarding urban sprawl.
GIS and remote sensing are inseparable. Remote sensing is the process of acquiring
and observing physical characteristics of an area from a distance (USGS, 2022). Sonar and
camera imagery are the most conventional remote sensing techniques, but satellite imagery is
the most common. This takes place through obtaining the reflected and emitted radiation of an
area from a distant satellite. Satellite imagery is also the main data source of this research,
7

cameras on satellites are used to take images of the earth’s surface. Which is useful to detect
spatial and temporal changes, such as anthropogenic land use changes on vegetation (USGS,
2022).
2.2 LiDAR data
Light Detection and Ranging (LiDAR)
data, is point cloud data that gives information
about the 3D positions of the surface and objects
on the surface (USGS, n.d.). These files contain
elevation data of millions of points which form a
point cloud (Bakker, 2021). The data used in this
research was retrieved by the Brandenburg
government and originates from 2010 and 2011,
the general point density is three data points per
square meter (Laserscandaten | LGB_Startseite,
2012). Fout! Verwijzingsbron niet gevonden.
depicts a schematic explanation of LiDAR data
collection. Only the surface returns were used,
this means there is no vegetation visible through
the point cloud. The LiDAR data was processed
in ArcGIS.

Figure 4: Collection of LiDAR data through
Airborne Laser Scanning (ALS). ALS is a
measurement system in which laser pulses are
directed to the ground in a scanning pattern. The
laser is emitted from an instrument attached to an
aircraft.

2.3 Digital Elevation Model
Digital Elevation Model (DEM) is a map which depicts the height throughout a
landscape. This type of map is based on a raster file in which each raster cell is acquired an
elevation value. This type of map is the basis for many secondary maps such as the slope-,
aspect and hill shade map (RGIS, 2022). The DEM used in this research is based on the
LiDAR data. The high point density of the LiDAR data provided a detailed DEM raster with
cells of 0.5x0.5 meter (Figure 5). Usual scientific research in Germany is based on a 1x1
meter raster, thus this thesis delivers a 4 times more thorough analysis than previous RCH
studies in Germany.

Figure 5:Digital elevation model of the research area. The raster cell sizes are 0.5 by 0.5 meters. The red colored cells
represent an elevation of 67 meters above mean sea level (AMSL), and the color green represents the lowest elevation of 48
meters AMSL. Base map: Digital elevation model (cell size 0.25 m2), geodatabase: © GeoBasis-DE/LGB 2022.
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2.4 Parabolic Dunes
Figure 6: Formation
This research is dependent on the
of parabolic dunes
presence of parabolic dunes in the
(May, 2014). A
unidirectional wind
fieldwork region, since they intercept wind
and a moderately
and cause lee throughout the area.
vegetated soil create
a blowout in the
Parabolic dunes are 'u'-shaped dunes with
landscape, which
their arms directed windward, this is
turns into a parabolic
schematically shown in Figure 6. These
dune. The arms are
held in place by
parabolic dunes are the result of aeolian
vegetation (4). The
erosion and consequently aeolian
slope on the
sedimentation processes (Yan & Baas,
windward side (2) is
moderate, while the
2015). This type of dune arises under a
slope on the lee side
unidirectional wind regime when a sandy
(1) is steep.
soil is moderately covered with vegetation
(Yan & Baas, 2015).
The parabolic dunes in Horstwalde
(Figure 7) were formed during the Late
Wechselian glacial (Snoek, 2016). They
have their arms facing westward this
indicates that the dunes were formed by westerly winds (Snoek, 2016; de Boer, 2000).
Modern research methods on elongated quartz grains and their axes orientation confirmed this
west wind theory (de Boer, 1995; 1996).

Figure 7: De Boer (2000) researched the parabolic dunes surrounding Horstwalde. The most west part of the figure (west of
Horstwalde) is the fieldwork area for this thesis. The parabolic dunes point towards the east, with their arms pointing
westwards. The landscape was formed by parabolic dunes that repeatedly covered older parabolic dunes (Snoek, 2016).
Drawing on a scale of 1:z10,000. Legend: 1 – crestlines (smaller dunes not visualized) and 2 – height in meters above sea
level.

2.5 Soil Formation on Charcoal Hearths
As previously mentioned, charcoal kilns have a round to elliptical shape and are often
a slightly elevated flat surface in the landscape (Raab et al., 2017). Besides, there is a
characteristic ditch surrounding the elevation, where leftover charcoal accumulated after the
main bulk was collected (Figure 8c).
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Historical charcoal
production can
significantly influence soil
properties. Hirsch et al.
(2018) studied soils at
former charcoal
production sites; relict
charcoal hearths (RCHs).
They compared the soil
profiles with unaffected
soils beside the RCHs. For
additional comparison,
they also took four typical
Figure 8: Three images by Raab et al. (2019): a) digital orthophotograph of an
soils on similar parent
excavated area, made by a drone flight in 2016, b) the same RCH group shown on a
material, between 10 and shaded-relief map, the orange circle represents a digitized RCH diameter, c) a
70 kilometers away from typical RCH ground plan, the original charcoal hearth is the slightly elevated flat
surface and the black outer circle is the ditch with a charcoal substrates
the RCH.
accumulation.
The soil classified
outside of the RCHs was a Brunic Arenosol (Figure 9a). On the RCHs there are remaining
substrate layers of approximately 30 centimeters (Figure 9b,c).The top soils within the RCHs
have a very dark gray color and their thickness and carbon content are remarkably higher than
the top soils outside of the RCHs (Hirsch et al., 2017). A sharp boundary between the dark
carbon-rich charcoal substrates and the natural soil below is visible (Figure 9b,c) and black
tarry chunks with a size up to 10 centimeters can be found in the ditch. Based on the study
from Hirsch et al. (2018), this thesis will confirm soils with >50% charcoal content, as a relict
charcoal hearth.

Figure 9: Photographs of the soil profile of an RCH (Hirsch et al., 2018): a) soil profile
~20 meters North East of an RCH (Brunic Arenosol), b,c) soil profile in the center of an
RCH, d) rectified photo from the trench soil, data provided by BLDAM, e) sketch of the
stratigraphy of an RCH.
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3. Methodology
The fieldwork area and broader topic were selected by the supervisor de Boer, so there
was no need for overall preparation of the research. Before starting the research, a research
proposal was delivered and approved. The overall goal of this study is to find RCHs in the
fieldwork area and analyze their location in relation to the lee zones of the parabolic dunes.
The question if the majority of RCHs lies shielded from the wind, needs to be answered. The
method of this research can be divided in three parts: preprocessing of the geodata, carrying
out the fieldwork and postprocessing of the retrieved data. All three phases are separately
described below.
3.1 Preprocessing of the geodata
Prior to the fieldwork, two maps have been developed. Firstly, a geomorphological
map, secondly a map containing all the theoretical derived relict charcoal hearths in the
fieldwork area. The geomorphological map focuses on the dune ridges in the research area,
these are of importance to determine the lee zones of the dunes during the postprocessing.
Another part of the preprocessing were the preparations for structured data management.
3.1.1 Geomorphological map
The geomorphological map is based on previous research from Geskus et al. (2020), Snoek
(2016) and LiDAR data. Geskus et al. (2020) based their geomorphological map solely on
data such as LiDAR, satellite imagery and previous scientific literature (Figure 10). Likewise,
Snoek (2016) based her map of the crest lines of the parabolic dunes on digital data. Elevation
models, mainly contour lines, were the main tool for finding the dune ridges (Figure 11). For
this research, LiDAR points were used to create a Digital Elevation Map. The DEM in
combination with Snoek (2016) research, was used to confirm dune ridges in the fieldwork
area. The fieldwork area is also classified as aeolian deposits in Figure 10, which in this case
are parabolic dunes.

Figure 10: Geomorphological map of the Baruth Valley constructed by Geskus et al. (2020).
The red square depicts the fieldwork area of this thesis. One can see that the research area
mainly consists of fluvioglacial and aeolian deposits and landforms.
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Figure 11: Parabolic dune ridges constructed by Snoek (2016). The ridges were constructed based on the contour map. Base map:
Digital elevation model (cell size 0.25 m2), geodatabase: © GeoBasis-DE/LGB 2022.

3.1.2 Suspected relict charcoal hearths
To deliver the RCH map, once again LiDAR data was processed in ArcGIS. Thereby,
an existing theoretical, conceptual RCH map from Schneider (9.5 Theoretical RCH mapp.33)
was utilized to check and confirm findings. The previously created DEM was a base for
several elevation derived maps in
ArcGIS Pro: contour-, hill shade-,
aspect- and slope map. All these
elevation supported maps were
analyzed to determine Relict Charcoal
Hearths. RCHs can be identified by
researching several geomorphological
characteristics. Namely, they can be
recognized by their circular to
elliptical shape (Figure 12, Figure
13). Besides, the shape is surrounded
by a distinctive small ditch, in which
an accumulation of carbon can be
found (Raab et al., 2019). The
suspected RCHs were marked as
points in a point feature class in
ArcGIS with a certainty level of low,
medium or high. The certainty level
Figure 12: Four high certainty suspected relict charcoal hearths on
was dependent on the recognizability
a hill shade map. Base map: HillShade map (cell size 0.25 m2),
geodatabase: © GeoBasis-DE/LGB 2022.
of the characteristic RCH features on
the elevation derived maps.
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Figure 13: Suspected relict charcoal hearts on a digital elevation model. Base map: Digital elevation model (cell size 0.25
m2), geodatabase: © GeoBasis-DE/LGB 2022

3.1.3 Data management
Throughout this research, mainly remote sensing and quantitative,
observational data was obtained. During the preprocessing, data was collected by observing
several maps: LiDAR data, satellite imagery and scientific literature. Additionally, the
following data was retrieved during the fieldwork: soil classifications (name of the soil), the
confirmation of an RCH (horizon containing ³ 50% charcoal in the soil) and the RCH
location relatively to geomorphological units and the dominant wind direction.
All data from the preprocessing phase, was stored in a project package in ArcGis Pro
(.aprx). Meanwhile, the layer files were preserved in a geodatabase (.gdb) and the LiDAR
data has a .LAS extension. Ultimately, all files were named according to the following
structure SUBJECT_VERSION_DATE, this naming convention gave a clear summary of the
data and retains a transparent overview of the data.
During the data collection in the field, different tasks were divided in between group
members. One group member noted all the observations in ArcGIS on the Yuma 7 tablet.
Another member checked all the data input afterwards to ensure the quality of the data.
Moreover, file names and data containing numbers were also checked and corrected. Lastly,
the supervisor gave feedback on the maps and corrected possible errors.
The majority of the data was stored in ArcGIS Pro geodatabase (mapping). Therefore,
to ensure the data would not get lost, backups were made regularly by saving the files with a
new name and by uploading files to a shared Google Drive map.
Regarding data privacy, there are no copyright claims on the data. The main maps
(RCH and geomorphology) were self-made and the data in the field was also collected by the
researchers from this thesis group. Since this research contains merely natural science and
does not involve the identities of people, privacy was not a significant element of the data
management.
All information was summarized in the metadata of the layer files in ArcGIS Pro, the
most important components are tags, a summary of the map content, description of the map
content, date of creation, names of involved researchers and lastly credits to the companies
that provided the satellite imagery and LiDAR data.
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3.2 Fieldwork
The fieldwork took five days, in which the accuracy of the prepared RCH map was
reassessed. All suspected RCHs in the research area were inspected. With the use of a Yuma 7
tablet from Trimble in the field, all data could be directly entered in ArcGIS. The researchers
stayed in a village east of the research area: Horstwalde. All fieldwork was executed in groups
with a minimal of two researchers, this is required due to safety and efficiency. Notably, the
research area was divided in three fieldwork strips (Figure 14), all researchers were assigned
one strip.

Figure 14: Fieldwork area divided in three fieldwork strips. Originally, the most western strip was assigned to
TW Konijn, the middle strip to RE van Iterson and the most eastern strip to J Rijsdijk. Eventually all three
fieldwork strips and collected data were merged in order to provide a greater dataset for all researchers. Base
map: Topographische Karte der DDR ( 1:25000), Ausgabe Staat, geodatabase: © GeoBasis-DE/LGB 2022.

The following steps were executed: To start, a suspected RCH was selected on the
map on the Yuma 7 tablet. Using the GNSS function, which is a satellite navigation system,
the RCH could be found in the fieldwork area. Once the suspected RCH was reached, an
examination of the landscape took place. The examination was focused on the
geomorphology of the landscape, characteristic features like a round, flat surfaced elevation
surrounded by a ditch were sought. As soon as these elements were found, a soil research was
performed, using a spade and/or auger. Soils containing a significant amount (>50%) of
organic carbon indicate the presence of an RCH (Hirsch et al., 2018). Lastly, if the RCH was
confirmed by the soil research, AeroPoints were utilized to secure the GPS location of the
discovery. These AeroPoints retrieve coordinates through satellites, with a maximum error of
20 centimeters horizontally. For further technical details, see the website Propeller AeroPoints
(https://www.propelleraero.com/aeropoints/). All these steps were taken with every suspected
RCH that was mapped during the preprocessing phase, a workflow is presented below in
Table 1.
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Table 1: A workflow of the conducted steps during the fieldwork. Step 1: Selecting a suspected RCH on the map that needed
to be confirmed or rejected. Step 2: Using the GNSS function of ArcGIS Pro on the Yuma 7 Trimble tablet to find the selected
RCH. Step 3: Once arrived at the selected RCH, examining the landscape for geomorphologic features that are
characteristic to RCHs (circular, flat surfaced elevation surrounded by a ditch). Step 4: When an RCH is
geomorphologically confirmed, soil research could provide a final confirmation. A spade and auger were used to excavate
the soil, soils containing >50% charcoal were reported as RCH. Step 5: To establish the exact location of the RCH,
AeroPoints were used to collect satellite data and retrieve the exact coordinates (~20cm inaccuracy).

Actions performed during the fieldwork
Step 1

Selecting a suspected RCH on the map

Step 2

Finding the location of the RCH in the fieldwork area

Step 3

Examining the geomorphology of the landscape:
confirm round, flat surfaced elevations

Step 4

Soil research using a spade and/or an auger

Step 5

AeroPoints to secure the GPS location of the finding

3.3 Postprocessing of the fieldwork data
The post processing phase consisted of calculating lee zones, visualizing data, and a
statistical analysis. Visualization was done by creating layouts in ArcGIS, these layouts are
presented in the results and throughout the thesis. All maps without referencing to other
literature were made in ArcGIS with the collected data.
3.3.1 Processing fieldwork data
During the fieldwork, all researchers collected data on their Yuma 7 tablet. This data
had to be harmonized and combined to create a final dataset; all layers were imported in
ArcGIS pro and merged (Figure 15). Subsequently, the symbology was adapted to the
confirmation status of the RCHs, green feature points represent RCHs that were confirmed in
the field, grey points were not examined, and red points were rejected during the fieldwork.
The grey feature points were not examined because there was a limited amount of time, but
most importantly because a reassessment of the suspected RCHs on the DEM, resulted in the
conclusion that there was a very low certainty of the points to be RCHs. These points were
probably garbage piles or natural depressions or elevations in the landscape.
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Figure 15: All suspected RCHs from the preprocessing phase and their confirmation status after the fieldwork phase.
Confirmed in the field were RCHs that met all requirements such as flat surface round elevations and charcoal present
in the soil. Not examined, is a classification for suspected RCHs that were not researched in the field. Reassessment of
the DEM during the fieldwork showed that these points were wrongfully suspected in the preprocessing phase. These
points are garbage heaps or circular natural dunes and depressions. Rejected in the field are data points that were
suspected RCHs but there was either no confirmation possible due to tillage or other anthropogenic alterations, or they
were wrongfully suspected. Base map: Topographische Karte der DDR ( 1:25000), Ausgabe Staat,
geodatabase: © GeoBasis-DE/LGB 2022.

3.3.2 Lee zones
To answer the main
research question and find the
percentage of RCHs that is
shielded from the wind, lee
zones needed to be constructed.
Several scientific models,
describing flow structures
around aeolian dunes, are
available. In this thesis, a model
that was based on idealized
transverse aeolian dunes will be
applied (Parsons et al., 2004).
Parabolic aeolian dunes have
different characteristics from
transverse dunes, but the essence
of the model will suffice in this
research. The lee zone is
dependent on the dune height
and profile, as shown in Figure
16. The area with lowered wind
velocity can stretch from 200
meters to 500 centimeters.

Figure 16: Parsons et al. (2004) created this flow structure model to describe
wind velocity leeward of aeolian dunes. Also researching the effect of geometry
on the wind velocity. Height seems to be the most important factor in wind
velocity and the stretch of the lee zone.
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A height profile throughout the fieldwork area is displayed in Figure 17. The dunes in
the Baruth valley vary in height between 10 and 20 meters, their tops at a maximum of 76
meters above sea level and their base around 56 meters above sea level. For the definition of
the lee zones, both axes were multiplied by 100 so that the lee zone could be calculated for a
dune height of 10-20 meters. Considering the model calculated by Parsons et al. (2004), there
are two lee zones defined: Zone 1 extends up to 250 meters east of the dune ridge and zone 2
up to 500 meters east of the dune ridge. The model in Figure 16 contains measurements in
centimeters for height and distance (x and y-axis). The subdivision was made to take in

Figure 17: Left: the line of the height profile throughout the fieldwork area, dissecting the parabolic dunes. Base map:
Digital elevation model (cell size 0.25 m2), geodatabase: © GeoBasis-DE/LGB 2017. Right: Height profile output. The
lowest point where x = 0 has an elevation of 56 meters above mean sea level. The highest point at x ~ 2250 has an elevation
of 76 meters above mean sea level. Hence the maximum height of the dunes is 20 meters.

consideration the uncertainty that comes with the model, lee zone 1 has a higher certainty of
being sheltered from the wind than lee zone 2. To define the lee zones, the presumption is
made of an idealized west wind. Based on the dominant west winds in the area (de Boer,
2000; Magiera et al., 2016) Horizontal lines were drawn from west to east and these were
used as a modelled wind direction.
3.3.3 Statistical analysis
In this thesis, the relation between the construction of the RCHs and their location
with respect to the wind is researched. To test this relationship, a binomial distribution is
assumed, because the data is binary: an RCH can either be exposed to the wind or shielded
from the wind.
The RCHs found are assumed to be independent of each other, i.e. the location of one
RCH does not affect the location of another one. There are some expectations that RCHs
might be clustered (Konijn, 2022), but there is not sufficient evidence yet, so this statistical
analysis will not make any assumptions that conflict with the requirements of a binomial test.
In this research the claim that the construction of charcoal hearths was dependent on
lee zones, will be tested with a null hypothesis significance test. The null hypothesis is:
The probability of an RHC located exposed to the wind is the same as the probability of an
RCH located sheltered from the wind
Two lee zones are defined in the previous paragraph, therefore two null hypotheses
are generated. Both null hypotheses have a different definition of the lee zone. Take into
account that 𝐻!" has a higher significance, because lee zone 1 is delimited by 250 meters
instead of 500 meters. Thus, lee zone 1 has a higher certainty of being shielded from the wind.
The probabilities are stated as follows:
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𝐻!" : 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝐶𝐻𝑠 𝑖𝑛 𝑙𝑒𝑒 𝑧𝑜𝑛𝑒 1 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝐶𝐻𝑠 𝑛𝑜𝑡 𝑖𝑛 𝑙𝑒𝑒 𝑧𝑜𝑛𝑒 1
𝐻!$ : 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝐶𝐻𝑠 𝑖𝑛 𝑙𝑒𝑒 𝑧𝑜𝑛𝑒 1 𝑎𝑛𝑑 2 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝐶𝐻𝑠 𝑛𝑜𝑡 𝑖𝑛 𝑙𝑒𝑒 𝑧𝑜𝑛𝑒 1 𝑎𝑛𝑑 2

The alternative hypothesis is:
The probability of an RCH located in a lee zone is higher than an RCH exposed to the wind
𝐻%" : 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝐶𝐻𝑠 𝑖𝑛 𝑙𝑒𝑒 𝑧𝑜𝑛𝑒 1 ≥ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝐶𝐻𝑠 𝑛𝑜𝑡 𝑖𝑛 𝑙𝑒𝑒 𝑧𝑜𝑛𝑒 1
𝐻%$ : 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝐶𝐻𝑠 𝑖𝑛 𝑙𝑒𝑒 𝑧𝑜𝑛𝑒 1 𝑎𝑛𝑑 2 ≥ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝐶𝐻𝑠 𝑛𝑜𝑡 𝑖𝑛 𝑙𝑒𝑒 𝑧𝑜𝑛𝑒 1 𝑎𝑛𝑑 2

The number of observations is less than the rule of thumb for most Bayesian statistics,
where the sample size needs to be above 100. However, the data set suffices for an
experimental study, where according to van Belle (2008) the minimum observations for
experimental statistical testing with proportional data is 30. Therefore, the confidence interval
to test this hypotheses is 99% in this analysis, which implies an 𝛼 of 0.01. This 𝛼 will be used
as a threshold value to test if the research claim could be statistically proved. For the
significance test, the p-value (probability) should be smaller than 𝛼. Because a binomial
distribution is assumed, the following formula will be used to calculate the probability of the
observed proportions:
𝑃(𝑋) =
-

𝑛!
• (𝑝)$ • (𝑞)%&$
(𝑛 − 𝑋)! 𝑋!

𝑝 = 𝑡ℎ𝑒 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛
𝑞 = (1 − 𝑝)
𝑋 = 𝑡ℎ𝑒 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 (50% 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑅𝐶𝐻𝑠)

As the number of RCHs in lee zone 1 and 2 is extracted from the dataset, the
probability of the findings can be calculated. Starting with the p-value of the number of RCHs
in lee zone 1.
𝑃(50) =

44!
• (30/44)'' • (1 − (30/44))((&''
(44 − 22)! 22!
𝑃(50) = 0.00528

The same calculations can be done for the RCHs in lee zone 1 and 2. Only the number
of RCHs need to be changed from 30 to 34.
𝑃(50) =

44!
• (34/44)'' • (1 − (34/44))((&''
(44 − 22)! 22!
𝑃(50) = 0.0000505
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4. Results
All priorly suspected RCHs and their confirmation status are shown in Figure 18.
After the preprocessing phase, the dataset contained 232 possible relict charcoal hearths,
whereof 44 were confirmed during the fieldwork. Within these 44 confirmed points, there are
18 RCHs that had not been suspected during the preprocessing phase. Thus, they were newly
found during the fieldwork.
Examining the confirmation status of the RCHs in Figure 18, it is visible that a high
amount of the confirmed suspected RCHs lies in between the dunes, leaving the flat
agricultural fields covered with mainly rejected charcoal kilns. Besides, there is a significant
amount of rejected and wrongfully suspected points in the eastern part of the fieldwork area,
more than half of the data points were not checked or rejected. The confirmed RCHs are
seemingly spread out between the middle and the east of the fieldwork area. The west part of
the strip contains merely one confirmed data point. It is remarkable that in the most southern
forest patch, adjacent to agricultural fields east and west, there are no RCHs (not even
suspected).

Figure 18: All suspected RCHs from the preprocessing phase and their confirmation status after the fieldwork phase.
Confirmed in the field were RCHs that met all requirements such as flat surface round elevations and charcoal present
in the soil. Not examined, is a classification for suspected RCHs that were not researched in the field. Reassessment of
the DEM during the fieldwork showed that these points were wrongfully suspected in the preprocessing phase. These
points are garbage heaps or circular natural dunes and depressions. Rejected in the field are data points that were
suspected RCHs but there was either no confirmation possible due to tillage or other anthropogenic alterations, or they
were wrongfully suspected. The dune ridges are determined by Snoek (2016). Base map: Topographische Karte der DDR
( 1:25000), geodatabase: © GeoBasis-DE/LGB 2022.
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Figure 19: Map of the confirmed RCHs and their relation to the dune ridges and wind direction. Considering an
idealized westerly wind, the lee zones stretch 250 to 500 meters to the east. There is a total of 44 confirmed RCHs
in the field, of which 30 lie in lee zone 1, 4 points lie in zone 2 and 10 RCHs do not lie in any lee zone. Base map:
Digital elevation model (cell size 0.25 m2), geodatabase: © GeoBasis-DE/LGB 2022.

Furthermore, an analysis of exclusively confirmed relict charcoal hearths is necessary.
In Figure 19, one can see confirmed RCHs and their position relative to the dominant wind
direction, dune ridges and hence the lee zones. The lee zones were constructed as described in
the methodology. The results show that from a total of 44 confirmed RCHs, 30 points lie in
lee zone 1 and 4 points lie, lee zone 2 and 10 points do not lie shielded from the westerly
wind. Statistical hypothesis testing will help with further examination and interpretation of the
data.
Table 2: The number of confirmed relict charcoal hearts per lee zone, the percentage of total, and the p-value of the
probability of finding this percentage by chance. Both p-values are smaller than 𝛼 = 0.01, which means the null hypotheses
can be rejected.

Number of RCHs

Percentage

P-value

Total

44

100%

-

Lee zone 1

30

68 %

0.00528

Lee zone 1 + 2

34

85%

0.0000505

In Table 2, the results of the statistical analysis are displayed. The total number of RCHs
is 44 and the number of RCHs in lee zone 1 is 30, which is 68% of total. The probability of
finding this percentage by chance is represented by the p-value, in this case 0.00528.
Subsequently, in lee zone 1 and 2 combined are 34 RCHs located, which is 85% of total. The
p-value of this percentage is 0.0000505. In paragraph 3.3.3, the threshold value a was set at
0.01. Since 0.00528 < a and 0.0000505 < a , the null hypothesis can be rejected for both 𝐻!"
(lee zone 1) and 𝐻!' (the combination of zone 1 and 2). Therefore, this statistical analysis
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indicates that the alternative hypothesis is true: A greater proportion of the relict charcoal
hearths lies shielded from the wind than exposed to the wind. Since 𝐻%" is a stronger
statement, it can be concluded that a higher percentage of RCHs was constructed within lee
zone 1, than outside of lee zone 1.

5. Discussion
Starting with an interpretation of the results, the earlier mentioned increase in
confirmed RCHs towards the east of the fieldwork area, could be justified by several factors.
Most importantly, the west part of the research area is not shielded from the wind by dunes,
this explanation fits the hypothesis of this thesis. Apart from that, in the 18th century there
might not have been a forest in the west, or a forest with unsuitable trees for charcoalization.
While colliers wanted to build their CHs close to a forest for wood supply (Raab et al., 2019).
Therefore, charcoal producers might have preferred the forested east side of the fieldwork
area. Another interpretation could be considering the distance to the village Horstwalde,
which is located in the east. Transportation of charcoal after the manufacturing process would
have been easier if the CHs were close to the village.
On the other hand, there is also a high amount of rejected and not examined data
points in the eastern part of the research area. The not examined points were often low
certainty points, and due to a lack of time they could not be examined. However, during the
fieldwork knowledge was gained on the characteristics of confirmed RCHs on the DEM,
subsequently a reassessment of the DEM in the field could exclude most of the low certainty
data points from the suspected RCH map.
Furthermore, the rejection of nearly all suspected RCHs in agricultural fields could be
a result of anthropogenic disturbances like tillage. Except, the whole fieldwork area was
covered with productional forest, which means there has been some degree of tillage
throughout the whole area, so then the other confirmations would be illogical. One could
argue a different intensity of tillage on the agricultural fields than in the productional forest.
Otherwise, the suspected RCHs on the agricultural fields in the southeast, could have been
hay bales. These bales might have been mistaken for RCHs because they were visualized as
circular elevations on a DEM
The lack of RCHs in the most southern forest patch can be explained by the soil
properties in this area. No soil research was executed since there were no RCHs, but the
vegetation indicated a high moisture percentage and a peat-like soil. This observation matches
the absence of RCHs, given the logs needed to be covered with soil to build a charcoal hearth.
If the moisture content of the soil is too high, the hearth could not be constructed.
The statistical analysis shows a significance of the results with a confidence interval of
99%. Relict charcoal hearths are more often found leeward of the parabolic dunes. Which
could mean that colliers constructed their charcoal hearths sheltered from the wind on
purpose. Nonetheless, this research is not yet sufficient to make conclusions due to the
mentioned uncertainties and incompleteness. Some noteworthy incompetencies are discussed
below.
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Firstly, the research
area used for this study is
quite homogenic and mainly
consists of parabolic dunes.
Therefore, there is a lack of
research area that is exposed
to the wind, so there is no
control data group available.
Looking at the previously
mentioned theoretical RCH
maps from Schneider, there
seem to be charcoal kilns
throughout all sorts of
landscapes (Figure 20).
Besides, the fact that this
Figure 20: Theoretical map of RCHs in the Baruth Ice-Marginal Valley, created
research could only cover a
by Schneider (2018). This map was never published and is therefore solely
limited fieldwork area, also
conceptual. Researchers based this theoretical map on several elevation models
caused a relatively small
and the general characteristics of an RCH. Base map: Digital topographic map
(1:50000), geodatabase: © GeoBasis-DE/LGB 2022.
dataset of 44 data points.
Supplementary research could
expand the fieldwork area and hence the dataset. It would be valuable to repeat this research
in other areas in the Baruth Ice-Marginal Valley, to see if one can falsify or verify the results
of this thesis.
Additionally, it should be noted that there were no wind measurements done for this
research. Since most of the charcoal kilns supposedly originate from the 16th – 19th century
(with a peak between 1750 – 1800), present-day measurements are not substantial. The
landscape with the parabolic dunes gives a clear indication that there has been a dominant
westerly wind at the end of the last glacial period (de Boer, 2000), but after the glacial period
there seems to have been a dominant southwest wind (Magiera et al., 2016; Müller, 1997). In
this thesis, a simplification was made through an idealized westerly wind. This idealization is
not crucial in this study since the u-shape of parabolic dunes shields RCHs from all directions.
Although, if one would consider continuation on this subject, a modelled southwest wind
would be more suitable.
Besides, the lee zones were based on a scientific model and once again relied on the
presumption of a strict idealized west wind. To calculate and model natural environments, it is
necessary to create perfect conditions, but these conditions are not realistic. It is obvious that
the wind direction in the fieldwork area is not as ideal and unidirectional as presumed in this
research. However, as mentioned before, the circular u-shape of the parabolic dunes makes
the results less sensitive to changes in wind direction as the lee zones are shielded by dune
ridges all around.
Furthermore, the fieldwork area is covered with agricultural forest and the trees of the
forest also provide shelter from the wind. Thus, the RCHs that were found outside of the
defined lee zones, were still not fully exposed to the wind. The trees in the fieldwork area are
10-20 meters tall, and the forest reaches more than 10 kilometers northwest. Although, since
the dominant wind direction is west, this expansion of the forest towards the northwest is not
crucial.
Anyhow, forest must have been present in the 18th century since colliers needed the
availability of wood. This implies charcoal hearths were most likely always build in or near
forests, which means they were shielded from the wind. Except not in lee zones of
geomorphological landscape features such as dunes, but in the lee of the forest. However,
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charcoal production had already led to deforestation back in the 18th century (Rösler, 2012).
Consequently, one could argue that this deforestation must have caused an increasing wind
velocity, which would have enhanced the importance of the lee zones of the dunes.
Moreover, a study from Wijkhuizen (2018) examined RCHs in a fieldwork area 2
kilometers south of this thesis’ research location. In Figure 12 one can see the confirmed
RCHs are not shielded
from a westerly wind as
modelled in this thesis.
When a southwest wind
would be considered
(Magiera et al., 2016;
Müller, 1997), there
would still not be a
Figure 21: Study on RCHs of Wijkhuizen (2018) in the Central Baruth Ice-Marginal
majority of RCHs
shielded from the wind. Valley, near the Horstmühle (in the center of the map), based on remote sensing and
fieldwork. The dominant wind direction would be similar to the dominant wind direction in
There are quite some
Horstwalde, since it is only 2 kilometers more south. The point features represent
RCHs found south of
confirmed RCHs and the color corresponds to the landscape they were found in.
the dune (Figure 21),
which would be
exposed to a SW wind.
Another element to consider is tillage and other anthropogenic land alterations. In the
parabolic dune area of Horstwalde, there is a production forest with relatively undisturbed
soil. Alternatively, there were also a few agricultural fields which had undergone thorough
tillage in the fieldwork area. For example, a cluster of suspected RCHs which had a high
certainty located in a southeastern agricultural field, could not be confirmed. On these plowed
fields it was nearly impossible to identify charcoal hearts. Hence it should be taken into
consideration that the RCHs confirmed in this study, were solely on relatively undisturbed
land.
5.1 Future research
Further research on this subject would be worthwhile, to understand the impact of
climate conditions like wind on charcoal hearths and meanwhile the history of charcoal
production. There are several recommendations for subsequent studies, a few proposals will
be done below.
To start, additional research on relict charcoal hearths and their spatial distribution in
relation to geomorphological landscape features (dunes, hills, flatlands) would be valuable.
This would improve the understanding of locations of RCHs, which could be helpful
knowledge for historians. The study should be designed across a large fieldwork area with
different landscape features in order to create comparable data. If the research would focus on
lee zones, wind measurements are not a necessity. Depending on existing scientific literature,
one can embrace the presence of a dominant southwest wind in the Central Baruth IceMarginal Valley (Magiera et al., 2016; Müller, 1997). For other research areas, different
available scientific literature should be used to determine the dominant wind direction. If
there is indeed a relation between constructed RCHs and lee zones, there might be a cause for
this relation. Whereas charcoal kilns need to create anoxic conditions, the absence of wind in
lee zones might increase the efficiency of charcoal hearths.
Another interesting subject would be the spatial distribution of RCHs in relation to
land use and land cover (LULC). As previously discussed, there are predictions of RCHs
being located in or near forests, considering the wood availability. Studying the spatial
distribution of RCHs and comparing it to 18th century maps, to explore any patterns in the
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land that was used for charcoal production. Moreover, land use and land cover change,
especially deforestation, could also be added to this subject. There must have been
consequences of the thriving charcoal production in the 16th-19th century, a lot of wood was
required and hence a lot of forest was logged. This deforestation in east Germany is not yet
researched, so it would be highly recommended to study this subject. Particularly since
deforestation is a relevant problem in present times.
Lastly, instead of studying relict charcoal hearths in east Germany, the research could be
relocated to Sub-Saharan Africa. One could examine various elements of contemporary
charcoal kilns and the construction process. This would make the subject highly meaningful
to colliers in SSA, organizations like the United Nations and to worldwide civilization that
want to become more sustainable and fight climate change.

6. Conclusion
Charcoal is considered biomass and is an important energy resource in Sub-Saharan
Africa. Although, there are some difficulties with charcoal production when it comes to
sustainability. One of the problems is the lack of efficiency of the charcoal kilns.
Digital data was used and fieldwork was conducted to study the location of relict charcoal
hearths in relation to wind. A wind flow structure model defined the lee zones of the parabolic
dunes, which resulted in lee zone 1 (250 m) and lee zone 2 (500 m). Digitally determined
RCHs were examined during the fieldwork. This resulted in 44 confirmed RCHs, whereof 30
were located in lee zone 1, 4 in lee zone 2 and 10 RCHs did not lie in any lee zone.
The hypothesis that German charcoal producers in the 18th century build their charcoal
hearths in lee zones is true according to this research. A statistical analysis of the data shows a
difference in the amount of relict charcoal hearths that lie leeward from the parabolic dunes
compared to RCHs that lie exposed to the wind. The percentage of shielded RCHs was greater
than 50% and the p-values were smaller than 𝛼, so the null hypothesis could be rejected with
a confidence interval of 99%.
Finally, a conclusion cannot be drawn from this thesis. Mainly because the research area
was too homogenic and thus could not provide a control group for the statistical analysis.
Further research on historical charcoal production is recommended since charcoal is still an
important energy resource in SSA. Constructing charcoal hearths sheltered from the wind
might improve its efficiency. This geoarchaeological research is just as relevant for
understanding and solving modern day issues as it is in the field of history.
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9. Appendix
9.1 Hillshade map

29

9.2 Slope map

30

9.3 Confirmed RCHs and AeroPoint locations

31

9.4 Lee zones based on dune ridges and idealized wind

32

9.5 Theoretical RCH map
A non-published theoretical RCH map, by Schneider
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9.6 Data table
The following columns are not displayed because they were not relevant to this research:
Shape_RCH, Date, Diameter.
For full table, follow link:
https://docs.google.com/spreadsheets/d/1HBXUaP1R12f8vIQ0Dd3kqu1ngV3zN0p9/edit?usp
=sharing&ouid=101977365000741683113&rtpof=true&sd=true
OBJECT
ID
1
2
3

Certainty

Confirmation

Low
Low
Medium

Not_Examined
Not_Examined
Rejected

4

Medium

Rejected

5

Low

Rejected

6

Low

Rejected

7
8
9

Medium
Medium
Medium

Rejected
Rejected
Rejected

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium

Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected

29

Medium

Rejected

Soil

Diameter
slope

Diameter
perpendicular

Description

Heuvel door
omgevallen boom.
Heuvel door
omgevallen boom.
Anthropogenic,
restanten uit de tijd
van de oorlog.
Anthropogenic,
restanten uit de tijd
van de oorlog.
Geen charcoal
gevonden in de soil
en micro reliëf lijkt
op rch.

Waarschijnlijk een
hoop afval die een
heuveltje heeft
gevormd. Dus een
afval heuveltje.
Waarschijnlijk een
hoop afval die een
heuveltje heeft

34

30

Medium

Rejected

31

Medium

Rejected

32
33

Medium
High

Rejected
Confirmed

34

High

Confirmed

35

Medium

Confirmed

36

High

Confirmed

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

Medium
Medium
High
Medium
Medium
Low
Low
High
Low
Low
High
Low
Medium
Low
Low
Low
Low
Medium
Medium

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

56

Medium

Confirmed

57
58

High
Medium

Confirmed
Confirmed

59

Low

Confirmed

60
61

Low
Low

Not_Examined
Rejected

gevormd. Dus een
afval heuveltje.
Bandensporen in het
echt die op de
hillshade leken op
een RCH.
Te moeilijk de vorm
te zien.
Podzol

10,2

11,9

Podzol
die
zwartig
is van
charcoal
met
stukken
charcoal
erin.
Podzol

11,1

11,2

11,8

12,3

Podzol,
maar
heel
donker
door
charcoal.

9,1

11,1

Technos
ol
Podzol

8,9

8,2

10,4

10,7

Podzol
Podzol
die erg
zwart is.
Podzol

9
7,5

10,2
8,2

14,1

13,1

Klein beetje op een
helling.
RCH ligt tussen twee
slopes in die
tegenover elkaar
liggen.

RCH ligt op vrij vlak
land.
Ligt een eindje van
een helling af.

Is een hellinkje.
Tussen de armen.
Moss.
Ligt een eindje van
een helling af.
Moss and pine trees.
Vlakbij een helling.
Iets verder van een
slope.

35

62

High

Confirmed

Podzol
(een
podzol
ligt over
een oude
podzol
die
charcoal
bevat.
Dus er
zijn
eigenlijk
twee
podzol
bodems
op
elkaar)

9,8

9,9

Tussen twee parabool
armen. Grass, moss
and pine trees.

63
64

High
High

Rejected
Confirmed

Podzol
(Je ziet
dat de
podzol
minder
goed
ontwikke
ld is door
de
anthropo
gene
invloed
toen de
charcoal
hearth
was
gecreëer
d.

9

9,2

Grass, moss and pine
trees.

65

Medium

Rejected

66
67
68
69
70
71
72

Medium
Low
Low
Low
Low
Low
Medium

Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected
Rejected
Confirmed

Podzol

9,3

8,9

Tussen twee
duinkammen in.

73
74
75
76

Medium
Low
Medium
Medium

Rejected
Rejected
Confirmed
Confirmed

Podzol
Podzol

7,3
8,7

9,4
9,8

Aan een helling.
Vlak tussen twee
tegenover elkaar
liggende slopes.

77
78

Low
New

Not_Examined
Confirmed

Niet in
de
bodem
gegraven
voor de

10,2

9,9

Granaat gevonden.
Voor de veiligheid
hebben we de
diameter

Niet herkenbaar in
het landschap en geen
charcoal gevonden in
de bodem.

36

veilighei
d.
79
80
81
82

Low
Medium
Low
Medium

Not_Examined
Not_Examined
Not_Examined
Rejected

83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Medium
Low
Low
Medium
High
High
Medium
Medium
Medium
Low
High
High
High
High
High
High
High
High

Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected
Rejected
Rejected
Not_Examined
Not_Examined
Not_Examined
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected

101
102
103
104
105
106
107
108
109

High
High
High
Low
Low
Low
Low
Low
High

Rejected
Rejected
Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected

110

High

Rejected

111

High

Confirmed

112
113
114
115
116

Medium
Low
Low
Low
Medium

Not_Examined
Rejected
Rejected
Rejected
Rejected

perpendicular langs
het pad gemeten.

Niet herkenbaar aan
landschap en soil.

Het land is teveel
bewerkt door boeren.
Het is namelijk vaak
omgeploegd en
hierdoor zijn de
RCHs niet meer te
herkennen en hebben
we ook geen charcoal
in de bodem
gevonden.

Podzol

10,3

11,3

Niet herkenbaar in
het landschap en geen
charcoal gevonden in
de bodem.
Misschien heel oude
haard, want geen
sporen meer terug te
vinden.
Vrij vlak land. Grass,
moss and pine trees.

Niet herkenbaar aan
landschap en soil.

37

117

Medium

Rejected

118

High

Rejected

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

Medium
Low
Low
Low
High
Medium
Low
Medium
Medium
Low
Low
Medium
Medium
Medium
Medium
Medium
High
High
Low
High

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
Not_Examined
Rejected

139
140
141
142

Medium
Low
Medium
High

Rejected
Rejected
Not_Examined
Rejected

143

High

Rejected

144

High

Rejected

145
146
147
148
149
150
151
152
153
154
155

Medium
Low
Low
Low
Medium
Low
Low
Low
High
Medium
High

Rejected
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Not_Examined
Rejected

156

High

Rejected

157
158
159

Medium
Medium
High

Not_Examined
Not_Examined
Rejected

160

High

Rejected

161
162
163

Low
Medium
High

Not_Examined
Not_Examined
Rejected

Niet herkenbaar aan
landschap en soil.
Niet herkenbaar aan
landschap en soil.

Je herkent geen RCH
in het landschap

Te sterk geploegd
door bosbouwers.
Te sterk geploegd
door bosbouwers.
Te sterk geploegd
door bosbouwers.

Te sterk geploegd
door bosbouwers.
Te sterk geploegd
door bosbouwers.
Te sterk geploegd
door bosbouwers.
Te sterk geploegd
door bosbouwers.
Je herkent geen RCH
in het landschap

38

164
165
166
167
168
169
170
171
172

High
High
High
High
High
High
High
High
New

Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Rejected
Confirmed

Podzol

12

11,6

173

New

Confirmed

Podzol

6,5

8,4

174
175

New
New

Confirmed
Confirmed

Podzol
Podzol

10
12

10,7
12

176

New

Confirmed

Podzol

5,7

7,7

177

New

Confirmed

Podzol

5,2

5,9

178
179
180
181
182
183
184
185
186
187
188

New
Low
Medium
Low
Low
Low
Low
Low
High
Low
Low

Confirmed
Not_Examined
Rejected
Rejected
Rejected
Not_Examined
Not_Examined
Rejected
Confirmed
Rejected
Not_Examined

Podzol

11,7

11

189

Low

Not_Examined

190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

Low
Low
Medium
Low
Medium
Medium
Medium
Low
High
High
Low
Low
Low
Low
Low
Medium

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

206
207
208
209

Medium
High
High
Medium

Confirmed
Confirmed
Rejected
Rejected

In de duinen, tussen
twee hellingen in.
Grass, moss and pine
trees.
Downslope of dune.
Grass and moss.
Vrij vlak land.
In de luwte van twee
grote hellingen.
Tussen twee
duinkammen in.
Tussen twee
duinkammen, twee
slopes tegenover
elkaar.
Op een helling.

810
Unconfirmed want
hek voor kerstbomen
Unconfirmed want
hek voor kerstbomen
Tank pit

10,7

1040
10,9

Podzol

11,9

10

Podsol
podsol

7,7
8,9

7,3
9,6

Not possible (fence)
Not possible (fence)
Not possible (fence)
Big charcoal chunks
apparent
flat area

39

210
211
212
213
214
215
216

Medium
New
New
New
New
New
New

Rejected
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed

217

New

Confirmed

218
219
220
221
222
223
224
225
226
227

New
New
High
High
High
High
High
New
New
New

Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Rejected
Rejected
Confirmed

228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

Low
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
Rejected

Antropos
ol
Antropos
ol

Podzol
soil with
remobiliz
ation of
quatenar
y sansds
on top
RCH
layer
(layer
containin
g
charcoal)

10,1

870
1156
883
640
760
10,1

10,1

11,55

12,2
10,85
11,5
11,8
12,2
10,2
9,97

0
10,24
11,2
11
12,4
10,5
9,18

2,1

2,1
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