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Abstract 

  

During the 17th-19th century, charcoal production in forests was mainly used for heating and as a raw 

material for iron production. It is made by piling dry wood in pits or mounds covered with leaves and 

earth, where after the pile is set on fire. The mount eventually smolders in partially anoxic conditions for 

a couple of days to weeks to eventually form charcoal. This pre-industrial charcoal production resulted in 

micro geomorphological differences in the landscape. Relict charcoal hearths are recognizable in field 

with a distinct small raised bed, a donut shaped form with a surrounding raised ring or a small elevation 

in a forest with dirt roads leading to it and away from it. These dirt roads were made to transport the cut 

wood and charcoal to the main road. RCHs are often round or ellipse shaped forms and between 7 to 10 

meters. In this research the aim is to detect RCHs in-field in the Baruth region (Brandenburg, Germany). 

During desktop research, LiDAR derived images and a combination of digital elevation models (DEMs), 

slope, hillshade and aspect maps is used to map the relict charcoal hearths. Often manual mapping of 

RCHs results in false detections (trees, ditches and power pylons) and a profile graph can be created here 

to decrease inaccuracy in the future. The secondary aim is to analyze how relict charcoal hearths 

influence the soil properties and how this affects the vegetation in the study area. The leftover charcoal 

parts act like organic biochar that result in a higher content of enriched organic matter and carbon content 

(SOM and PyOM) which change properties of the soil. The vegetation data includes diversity, density, 

length, perimeter and coverage. These variables are based on young saplings and herbaceous cover, 

including full-grown trees. Based on this data, statistical analyses are conducted in RStudio v1.1.45 as 

well as in Microsoft Excel (2016).  Results show that there was no significant correlation between the 

amount of charcoal parts in the soil and the vegetation. To improve the methodologies and reduce 

uncertainties to increase validity, a more thorough and precise research on a larger scale should be 

conducted. This includes analyzing the altered soil properties on relict charcoal hearths not only with the 

help of the WRB, but also through laboratory work by checking the theories about carbon content, water 

content and organic matter in relict charcoal hearth areas compared to non-hearth areas. 

 

 

Tags: LiDAR, ArcGIS, geoarchaeology, Relict Charcoal Hearths, Brandenburg, Soil Properties, Biochar, 

Vegetation 
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Abbreviations and definitions 
 

RCH =    Relict Charcoal Hearth 

NRCH=   Non Relict Charcoal Hearth 

LiDAR =   Light Imaging Detection and Ranging 

GIS =     Geographic Information System 

ESRI =    Environmental Systems Research Institute 

GPS =    Global Positioning System 

WRB =    World Reference Base 

IUSS =     The International Union of Soil Sciences 

FAO =     Food and Agriculture Organization 

UvA =    University of Amsterdam 

IBED =    Institute for Biodiversity and Ecosystem Dynamics 

FMG =    Faculteit der Maatschappij- en Gedragswetenschappen 

Object_ID =    Observation point 

Height_Cha =   The thickness of the charcoal layer (from start to end)    (cm) 

Depth_Cha =    Start of charcoal layer in  soil profile     (cm) 

Perimeter_Veg =  Perimeter of the trees on the observation point     (cm) 

Length_Veg =   Length of the vegetation on the observation point    (cm) 

Surf_Veg =     Surface of the vegetation on the observation point    (%) 

obs.=    observation 
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1       Introduction   

The occurrence of relict charcoal hearths (RCHs) in Brandenburg, Germany is one of the first reminders 

of anthropogenic influence on landscape (Schenkel et al., 1998). Charcoal production in forests was 

mainly used for heating and as a raw material for iron production (Hirsch et al., 2017). It is made by 

piling dry wood in pits or mounds covered with leaves and earth, where after the pile is set on fire and 

smolders in anoxic conditions for a couple of days (FAO, 2015; Mastrolonardo et al., 2018). This pre-

industrial charcoal production resulted in former charcoal pits that are 

widespread across Europe.    

        

In this study, RCHs are detected by combining desk research with GIS-

based analyses of digital elevation model maps, LiDAR data and fieldwork 

observations from 2018. In addition, new fieldwork is conducted to check 

suspected RCHs and detect false observations in the Lower Lusatia region, 

including working with a drone. The main object of this study is 

“identifying RCHs to gain general insight into the structure of the 

landscape, while conducting observations on micro relief in the studied 

area”. Former studies (Hart et al., 2008; Hirsch et al., 2017) show that 

interaction between biochar and plant growth in relict charcoal hearths is 

reason for further research. Furthermore, according to Carrari et al., 2016; 

Carrari et al., 2017, former charcoal pits form a microhabitat that affect 

vegetation significantly.  This obtained knowledge from previous research 

and newly obtained field work results, can be used to learn more about 

former land use, while gaining general knowledge about vegetation. 

        

The following research questions are composed for this purpose: Which soil 

properties are affected by relict charcoal hearths? How do the soil 

properties affect vegetation cover, abundance and diversity? And does the 

amount of leftover biochar in hearth areas influence vegetation, compared 

to non-hearth areas?  The last research question will be answered 

according to the length of the charcoal layer in a RCH, that is, the 

abundance of the charcoal in the soil. 

 

This study aims to contribute to the research field of relict charcoal hearths to understand the effects of 

anthropogenic influence on the environment by mapping of RCHs. This may be beneficial for other 

researchers in the field of relict hearths to increase their efficiency in identifying them. The results could 

be useful for new discoveries on archeological physical geography and provide an answer if relict 

charcoal hearths influence plant growth. In addition, this research gives insight into mapping of micro 

geomorphology using various techniques such as LiDAR, drone images and ArcGIS which is widely 

applicable for other scientific fields. Multiple parties are interested in this information and the 

Brandenburgisches Landesamt für Denkmalpflege und Archäologisches Landesmuseum recently 

contacted the research group for their findings to showcase it in the archeological museum. In addition, 

collaboration with Cottbus University could be established in the near future to work together to learn 

more about the effects of relict charcoal hearths on vegetation, since there is no clear consensus on the 

topic yet. Lastly, Cottbus University could benefit from the results of the proposed research, since they 

have no researchers on the topic of young saplings or herbaceous cover yet.  

 

In conclusion, in this research (altered) soil properties are analyzed according to the World Reference 

Base for Soil Resources (IUSS Working Group World Reference Base [WRB], 2016). Moreover, a 

comparison is made of the two studied areas (charcoal hearths and non-charcoal hearths) within the 
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research field and its relationship to vegetation. When looking at the vegetation, three different variables 

are looked at: diversity, density and coverage. For statistical analysis, the perimeter of trees and the 

average length of plants of an area are studied too. These variables are based on young saplings and 

herbaceous cover, including full-grown trees. Based on these results, a deeper perception of the structure 

of the landscape is established. Eventually, these findings are elaborated further in the appendices. The 

final product is a report incorporating a set of tables and field data further elaborated in programming 

software RStudio v1.1.453 and Microsoft Excel (2016). Subsequently, the results emerged from the 

statistic are elucidated and illustrated. A more detailed overview of the used methods proposed will be 

provided in the upcoming paragraphs on page 9.   
  

2   Research aims 

The main object of this study is to locate relict charcoal hearths within the assigned study area of Lange 

Horstberge in Germany. By combining LiDAR data, and eventually by mapping these results into 

hillshade, slope, aspect and DEMs, it was doable to locate hearths in the field.  With the help of various 

(base) layers and observation points in the ESRI Collector app, false detections in-field were checked. 

Occasionally trees, tree trunks or power pylons got mistaken for a relict charcoal hearth during desk 

research (see figure 6). After identifying the RCHs, the values for size, slope, land use, vegetation, and 

depth of charcoal layer were uploaded in the Collector App. Using these values, analyses will be 

performed to see if there are relations between parameters, such as thickness of charcoal layer and 

vegetation. The main research question is: Do relict charcoal hearths have a significant influence on the 

forest vegetation? The significance of possible effects of charcoal on plant growth is tested according to 

RStudio and Microsoft Excel by data analysis.   

 

In order to obtain enough information to answer this question, two following sub questions will be posed: 

1. Which soil properties are affected by relict charcoal hearths? 

2. How do the soil properties affect vegetation cover, abundance and diversity? 

3. Does the amount of leftover biochar in hearth areas influence vegetation, compared to non-

hearth areas? 

 

To answer the first question, the (altered) soil properties are analyzed according to the WRB on field by 

looking at the soil characteristics (2016) and literature study. Moreover, to answer if the changed soil 

properties change, a comparison is made of the soil in two studied areas (charcoal hearths and non-

charcoal hearths) and its relationship to vegetation. The last sub question aims to answer if the leftover 

biochar, and the abundance of it in the soil, affects vegetation in forest ecosystems. The aforementioned 

questions are discussed on page 12 in the results.  
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3     Theoretical Framework 
 

The study area is located on and around the dune Lange Horstberge, in Germany. The Brandenburg 

region has gone through multiple climates. The field area is located in the Baruth Ice-Marginal Valley 

where ice sheets reached until the south of Baruth from 148.000 BC to 128.000 BC (Habbe, Ellwanger, & 

Becker-Humann, 2007). Thus, aeolian depositions, such as dunes, characterize the area centuries later. 

Another crucial part of the natural environment are soils. They co-determine the distribution of plant 

species and provide habitats while also regulating water and nutrient availability (Blum, 2005). 

Additionally, soils have important functions regarding the hydrological cycle, waste recycling, and 

provision of raw materials and nutrients to plants (Creamer et al., 2016). The soils in the Brandenburg 

region mostly consist of Brunic Arenosols outside of the RCHs and Spolic Technosols (Arenic) in the 

RCHs according to Hirsch et al. (2018) with a humid continental Dfb by Köppen climate prevailing 

(FAO, 2015).    2    

 

It is clear that the soils in this study area are mostly disturbed by ploughing in the meadow fields, or by 

the charcoal accumulation in forests. This biochar residue often results in dark grey to black colored soils 

in the A and B horizons (surface and subsoil) followed by C layer (substratum) consisting out of yellow 

colored dune sand. Since the topsoil is influenced by RCHs, soil properties often change where 

potentially an effect on vegetation can be seen. The following altered soil properties are being discussed 

in the theoretical framework of the paper: soil structure, texture and porosity (influenced by the leftover 

charcoal parts). These properties could influence the overall soil fertility on hearth areas.     
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The leftover charcoal parts act like organic biochar that result in a higher content of enriched organic 

matter and carbon content (SOM and PyOM) in the soil, which is observed by the naked eye looking at 

the darker colored soil in the field (see figure 2). Biochar, high C materials produced from slow pyrolysis, 

occur naturally in the soil and are part of the soil organic pools. They have been used for fertilization 

purposes for its circular, soil-improving, pH-optimizing and, consequently, yield-increasing nature 

(Uzoma et al., 2011; Schulz & Glaser, 2012).  The carbon content is for this reason a very interesting soil 

property to look at and has been researched before in various RCH studies (Hirsch et al., 2017). The 

carbon content in hearth areas increases the natural soils’ carbon concentration per unit mass by more 

than 30%. (ibid.) (A. Bonhage, personal communication, May 13, 2019). This could increase the chemical 

fertility, considering carbon is one of the three essential plant nutrients together with oxygen and 

hydrogen. In addition, hearth sites also seemed to have an increase in N, K, Ca, Mn, Zn in the topsoil 

(Mastrolonardo, 2019). This is due to soil mineralization ability OM has that increases soil phosphorus 

(P). Phosphorus is involved in many metabolic functions forming carbohydrates and protein. P is also a 

limiting nutrient in plant growth since it determines the growth rate and decreasing the impact of diseases 

(White, 2016). Other nutrients like nitrogen (N) is essential for optimum growth and potassium (K) 

facilitates osmosis and photosynthesis but can also impact the efficient use of other nutrients (de Ruiter et 

al., 1993; Mengel& Haeder, 1997; Johnson et al., 1997). Charcoal parts in RCHs therefore could act as a 

biochar and have long lasting positive effects on plant growth. The main physical characteristics, high 

porosity and large surface area, provide a beneficial environment for microorganisms including soil 

quality improving bacteria and fungi (Atkinson et al., 2010).  The physical fertility is often defined by the 

structure, texture and porosity of the soil. These altered soil properties increase the chemical fertility in 

relict charcoal hearths in comparison to reference soil. The physical fertility is often defined by the soil 

structure, texture and porosity (ibid.). Hearth areas containing multiple larger blocks of charcoal could 

contribute to the theory that relict hearths have a better structure, since the soil is less compact, and roots 

have more room to grow. 

 

There is yet no consensus on the benefits or harmful effects of relict charcoal hearths. According to 

Mikan & Abrams (1996), charcoal hearths delayed the recolonization of charcoal hearths and disturbed 

soil properties unfavorable of woody plant communities. On the other hand, studies show that leftover 

biochar increases the carbon content of soils which could increase the soil fertility, as stated before 

(Mastrolonardo, 2019; Hardy et al., 2017). Nevertheless, how do these altered soil properties relate to the 

vegetation?  In various studies, it became apparent that the perimeter of trees in RCHs is thinner than 

trees in non-relict charcoal hearth areas. There is no reason yet for the thinner growth rings, however, 

multiple studies speculate that it could be due to a lower water content. This water content is lower in 

RCHs than in non-RCHs (F, Hirsch, personal 

communication, May 13, 2019). The Cottbus 

University is now testing this theory by planting 

different plants to look at the quality of the soil in a 

relict charcoal hearth. In addition, the temperature 

of soils in the RCH and the heat conductivity seems 

to be much higher in relict charcoal hearths. 

Likewise, there is no clear consensus on why the 

heat conductivity seems much higher in the RCH 

compared to the surrounding area, other than the 

charred soil. Lastly, dendrology, a branch of 

botanica that specializes in woody plant species, 

says that various nutrients are altered in the soil. 

These nutrients that define chemical fertility of the 

soil, are discussed later on in the results. However, 

there also chemical elements that are harmful for 

most living organisms. This is the substance 

Altered properties: 

- OM 

- Structure 

- Water content 

- Carbon content 

 

 

Trees and other 
forest vegetation RCH  
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manganese. Manganese is toxic for most plants, therefore could prohibit plants growth. Nonetheless, 

researchers Bonhage and Hirsch made clear during the field work trip that the level of managese was too 

low to be harmful.  
 

 

 

4  Methods 

 

 

This research relied on both quantitative and qualitative data: scientific literature and data derived from 

old studies and field work, as well as recently conducted field work. Literature is utilized for the 

theoretical background to support the field work executed by a group of four students for pre-processing. 

The outcome of the research during fieldwork is spatial and LiDAR data to eventually produce maps with 

the use of ArcGIS. All of the already pre-processed data is compiled in Geoportal UvA that is built by 

IBED and FMG workers for the exchange of geodata within the UvA community. 

In addition, a collaboration with various researchers during field work has been established. The first 

correspondence was between conservationist Gerhard Maetz, since he is responsible for the Brandenburg 

area and works for Landkreis Teltow-Flaeming. In addition, information was exchanged between Ralf 

Schwarz (biologist) about vegetation in the study area. Furthermore, Florian Hirsch and Alexander 

Bonhage of the university of Cottbus are researchers and published several studies on the topic of RCHs 

in the Brandenburg region. A short knowledge transfer took place during field work to recognize relict 

charcoal hearths and vegetation species with more accuracy. These methods combined with the desk 

research are described in the following paragraphs. 

 

4.1 Creating LiDAR derived maps (pre-processing) 

In order to visualize the RCHs in Baruth within the study area, ArcGIS was utilized. First, the data about 

the fieldwork area was obtained in tiles from Geoportal UvA in .tiff files where it was imported in 

ArcGIS.  This collected information from Geoportal was used to create DEM, hillshade, aspect and slope 

maps in ArcMap (ArcGIS) to primarily view, edit, create, and analyze geospatial data for new suspected 

RCHs. Subsequently, old RCHs were obtained, and new RCHs identified with the help of newly created 

hillshade, DEM, aspect and slope maps. A suitable legend was formed and attached in ArcMap (v. 

10.4.1). In addition, an ESRI account was made to take courses in LiDAR: 1) Managing LiDAR data 

using LAS datasets, 2) Managing LiDAR data using Mosaic dataset, and 3) Managing LiDAR using 

Terrain datasets. The last module was a module that was focused on working with drone images. These e-

learning modules provided the knowledge to be able to be prepared for field work, and a certificate for all 

three modules was received. With the new set-up of the Collector App, the collected data was saved and 

used after field work to understand how anthropogenic influence is related to soil properties and plant 

growth. The final observation points are imported into ArcMap where profile graphs are created and the 

Table to Excel Tool is used for importing data.  

 

4.2 Fieldwork  

During field work, RCHs in the studied area were confirmed within the ESRI Collector App where all of 

the location points with the according text information was saved. This information was used later during 

desktop research to give an answer to the research questions. During fieldwork, a benchmark of more than 

2% charcoal parts in a total surface area of 20x27cm (shovel head width*length) was set to determine if 

the soil containing charcoal was a former hearth. Some observation points had visible charcoal parts in 

the soil, but not enough to classify the area as a RCH. However, there were areas that had significantly 
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more than 2% charcoal in the soil surface, but still were not classified as a relict hearth. The following 

rule was set: if the site did not have a clear round or ellipse shaped form and had a very light-colored soil, 

the area was not classified as a RCH despite having charcoal. Other characteristics to classify a hearth 

was by looking for donut shaped forms (round depressions with a raised circle) and if the specific area 

had any former ‘roads’ leading to the potential hearth. Those dirt roads were roads where the charcoal 

was transported on.   

 

To learn more about the forest vegetation, the diversity, density and coverage was observed. The 

vegetation was identified with the help of botanical books and application PlantSnap Inc. (2019). 

Furthermore, the perimeter of the full-grown trees was measured with a measuring tape and uploaded to 

the Collector App. An area of 5x5m² was used to determine the variables on the site. The diversity was 

measured by the different plants in this area, density by how many of these individual different plants 

were in abundance (%), while coverage was determined by the amount (%) of the surface area in the site 

was covered by canopy cover. Lastly, since the main object is forest vegetation, observation points in 

meadows were not taken into account. However, the border between forest and meadow are still 

considered forest ecosystems in this study, since these areas are less ploughed and disturbed. Lastly, 

meadows often have a high-water table while forests often have dry, sandy soils that were more 

preferable than peat to build kilns.  

  
Figure 4. a) Image map of the fieldwork area b) Digital elevation model (DEM) of the fieldwork area to 

quantify the characteristics of the land surface. (Unver, 2019), 

 

 

4.3 Field work data 

The field work data was mostly retrieved from observations, measurements and images in five days. The 

suspected RCHs were checked if there were any false detections. Images of soils got elaborated further 

with the help of text information and pictures in the attachments saved in the Collector App retrieved 

during field work and the World Reference Base for Soil Resources (WRB). In addition, the retrieved 

images from the drones helps to identify RCHs more easily in further research. Eventual ArcGIS maps, 

field work images and MATLAB and/or RStudio scripts will be provided in an appendix of the study. All 

spatial data is provided in the GIS Studio at Science Park 904 in the \:D drive and is backed up and saved 
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in a cloud storage or universal serial bus (usb) every day.  

All of the already pre-processed data is compiled in Geoportal UvA that is built by IBED and FMG 

workers for the exchange of geodata within the UvA community. Other data that is being utilized for this 

study is open source and is retrieved online. Data retrieved from field work, such as field work 

observations regarding vegetations diversity, density and coverage will be noted down in an Excel file 

where it can be imported as a .csv file into MATLAB or RStudio. The GPS locations will be saved as a 

vector (point feature) in an Access .mdb geodatabase using ArcMap 10.6.1. Images of soils will be 

elaborated further with the help of the World Reference Base for Soil Resources (WRB) and retrieved 

images from the drone will be saved. In addition, Rob Burger is the head of the Collector App and 

published most of the data with the help of the research group to ArcGIS Online to ensure all of the data 

management was accessible online. 

 

4.4 Statistical analyses in RStudio and Microsoft Excel 

The collected data is analyzed first in RStudio to show is the data is non-normally distributed. The non-

normally distribution is tested according to the qqnorm to see if there is linear correlation. The null-

hypothesis for this experiment is that the two related samples do not significantly differ. In this study, the 

related samples the charcoal layer (i.e. the abundance of the biochar in a relict charcoal hearth) and the 

vegetation. The alternative hypothesis is that the two related samples do significantly differ. To test these 

hypotheses, the multiple R and significance F is fitted for the regression. This means P-value ≤ α, then the 

null hypothesis is rejected in favor of the alternative hypothesis. And, if the P-value > α, then the null 

hypothesis is not rejected. Furthermore, a boxplot is created in RStudio v1.1.453 for a visualization of the 

distribution of the data. Finally, all of the results can be found in various tables in the results.  
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5      Results 

 
In this chapter the results from pre-processing, field work and desk research are elaborated further. First, 

the false detections are explained in figure 5 to contribute to more knowledge and to prevent false 

detections for the coming years. Hereafter, the shape of charcoal hearths in-field, and in hillshade images 

is explained. Secondly, results of the surface of vegetation in the study area are presented in a boxplot to 

show the distribution of data. This includes the amount of leftover biochar, and the found plant species, 

surface vegetation, length of plants, and abundance. This applies for both relict charcoal hearths as well as 

non-relict charcoal hearths. Finally, the relationship between the charcoal parts and plant growth is 

visualized in a table.  

 

5.1 Types and classification of RCHs 

During desktop research various observation points were made of possible relict charcoal hearths. The 

observation point had different identifications. The identifications were: 

Field check Type 0: Observation point checked and not confirmed for a RCH  
Field check Type 1: Observation point checked and confirmed for a RCH 

Field check Type 2: Observation point made, but not checked and confirmed  
Validity Type 0: Observation point 2019 checked and confirmed for a RCH 

Validity Type 2: Observation point 2018 checked and confirmed for a RCH 
                                    Figure 5.  

 
During fieldwork most of these observation points were checked and then verified or rejected. Most of the 

observations that were false detections were often trees, fallen trees, power pylons or ditches. These small 

elevations in the landscape can look identical to a relict charcoal hearth on a hillshade image (see figure 

6). A profile graph provides an answer to this issue to distinguish false detections from RCHs.  

 

 

 
Figure 6. A) tree B) fallen tree C) power pylon. Objects that were often mistaken for a RCH (Unver, 2019) 

 

Field Check Type 0   
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Profile graphs are made to visualize the small elevations. A ditch can easily be recognized by a decreasing 

profile line, while a RCH often has a gradual increasing and then decreasing profile line. The profile 

graphs are seen in figure 7. Relict charcoal hearths are recognizable in field with a small raised bed, a 

donut shaped form (incaving with a surrounding raised ring) or a small elevation in a forest with dirt 

roads leading to it and away from it (Hirsch, F., personal communication). These dirt roads were made in 

the 17th - 19th century to transport the cut wood and charcoal to the main road. On a hillshade image they 

are often round or ellipse shaped forms and between 7 to 10 meters. There were a couple relict charcoal 

hearths with a diameter more than 10 meters. These outliers are found in the appendix H.  

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

Figure 7. Various RCHs detected in hillshade image and their profile graphs (Unver, 2019).  

 

 

 

5.2 Soil properties  

In field, there was a higher content of enriched organic matter (OM) observed on relict charcoal hearths 

sites. The high levels of OM could contribute to the soil fertility since in the context of soil degradation, a 

decline in soil fertility is partially interpreted as the depletion of OM (Syers, 1997). Moreover, the 

charcoal parts in the hearth areas often had deeply rooted plants, in the more structured soil. This 

observation was confirmed by Hirsch during field work and in his study on terminology and chemical 

properties of relict charcoal hearths (Hirsch et al., 2017). During field work, the water content or carbon 

content could not be tested during or after fieldwork, since there was no room for laboratory work due to 

a limited period of time to conduct the research.   
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Figure 8. Pictured left is a charcoal part with some fine roots attached to it and running through fractured 

parts of the charcoal. Pictured right is a coarse well-rooted soil on two different RCHs with visible 

charcoal parts.   

 

 

5.3 Vegetation surface cover, abundance and diversity 
In table 1 it becomes apparent that the data is non-normally distributed to the Kurtosis and skewness of 

the data: a result of computing different data analyses and formulas in Microsoft Excel.  The analyses are 

only computed for the data that is relevant for the research aim and sub questions. This includes the two 

different areas: relict charcoal hearth, non-relict charcoal hearths. And the variables in each area: 

perimeter of the trees, length of the vegetation, height of the charcoal layer and the vegetation surface 

cover. The QQ plot made in RStudio shows also the outliers to support the fact that the data is non-

normally distributed in the appendix. 

 

Table 1 gives the values of the vegetations perimeter, length and cover. It becomes apparent that the 

values for surface vegetation and perimeter are higher on non-relict charcoal hearths. This can be 

observed by the maximum and mean to give an example. The mean on perimeters on relict charcoal 

hearths is set on 53.39, while on non-relict charcoal hearths it has a value of 93.89. In addition, the 

vegetation is denser in coverage on non-relict charcoal hearths. This difference is 11.11 for SurfVeg. 

Nonetheless, the average length of plants is higher on relict charcoal hearth than in the surrounding areas. 

Surface vegetation for RCHs and NRCHs is visualized in a boxplot on page 15.  

 

 

 

Table 1. This table shows general statistics of all the relevant data for regression.  

  

RCH 

peri 

RCH 

length 

NRCH 

peri 

NRCH 

length Height_Cha 

RCH 

SurVeg 

NRCH 

SurfVeg 

Mean 53,39 92,34 93,89 17,9 8,72 55,91 67,02 

Standard Error 5,64 18,64 24,82 2,5 0,71 5,42 4,66 

Median 45 40 110 13 8 60 80 

Modus 4 200 110 10 5 60 80 
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Standarddeviation 46,86 100,35 74,45 11,2 3,99 30,63 30,58 

Variance 2195,59 10070,95 5542,31 125,36 15,88 938,41 934,88 

Kurtosis 0,76 1,86 1,62 1,95 4,2 -1,36 -1,1 

Skewness 0,84 1,5 0,92 1,32 1,75 -0,11 -0,63 

Minimum 4 11 15 5 4 5 10 

Maximum 218 400 250 50 23 100 100 

 

Used no. of 

observation points 69 29 9 20 32 32 43 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. The bold line in the middle indicates the median and the ends of the lines are the minimum and 

maximum.  
 
Table 2.  

 RCHs Non-RCHs 

No. of different plant species 

(diversity) 

26 28 

Average surface vegetation (%) 55,91 67,02 

Total no. observation points 48 74 

The number of different plant species is included in this research as well. The results can be seen in table 

2. On non-relict charcoal hearths areas, we have found two more plant species. But do these results 

translate into a positive correlation between the leftover charcoal and vegetation? The P-value and 

Pearson’s R (multiple R) tell us more about the degree that two variables change correspondingly. The 

results in table 3 show that there is no significant positive relationship, and no correlation, between the 
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height of the charcoal layer (Height_Cha) and the surface vegetation, r(30)=0.0806, p < 0.05 (alpha), df= 

N-1 = 30. The P-value, indicated as significance F in this table, are higher than p = 0.05. 

 

Table 3.  
 

 

 

 

 

 

 

 

 

 

REGRESSION STATISTICS     

Multiple R 0,0806     

R square 0,0065     

Adjusted R square -0,0266     

Standard Error 31,0385     

alpha  0,05     

Observations 32     

      

ANOVA      

                   df SS MS F Significance F 

Regression 1 189,0888 189,0888 0,19627 0,6609 

Residual 30 28901,6299 963,38766   

Total 31 29090,7188       

      

  Coëfficiënts Standard Error T- statistics P-value Lower 95% 

Intercept 50,5037 13,3721 3,7768 0,0007 23,1943 

Height_Cha 0,6196 1,3987 0,443 0,6609 -2,2368 



The spatial relationship between relict charcoal hearths and biochar on forest vegetation          17 

 

6      Discussion 

 

The detection of RCHs during this research was based on orthophotos and .las derived DEM, hillshade 

and slope maps in ArcGIS. To detect the RCHs, the suspected round to ellipse shaped objects were 

checked with a measuring function. Nevertheless, manual mapping did not locate all of the RCHs and 

most of the RCHs were found during field work. To prevent false detections in the future, a profile graph 

can be made in ArcGIS by selecting the suspected RCH and drawing a line across the object to make a 

profile line to visualize the small elevations. A ditch can be easily recognized by a steep decreasing 

profile line, while a RCH often has a gradual increasing and decreasing profile line.  
 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. A profile graph of a hole in a dune. This profile graph looks very different than RCH profile line 
graphs that are less steep and often do not have a decreasing profile line. (Unver, 2019) 

 

In field, there was a higher content of enriched organic matter (OM) observed on relict charcoal hearths 

sites. The high levels of OM were recognized by a dark colored soil (seen in the results) and more 

developed soil which contributes to soil fertility. Seeing that in the absence of organic matter, plant 

nutrients decline progressively charcoal parts in RCHs could therefore act as a biochar and have long 

lasting positive effects on plant growth. The physical fertility plays in addition also a big role in the 

plant’s growth, since the roots can develop more in structured soil by providing a beneficial environment 

(Atkinson et al., 2010). It is therefore interesting if the theory of Mastrolonardo et al., (2019) that RCHs 

contribute to nutrient cycling is also applicable for the research area of Lange Horstberge. The charcoal 

parts in the hearth areas often had deeply rooted plants. This observation was confirmed by Hirsch during 

field work and in his study on terminology and chemical properties of relict charcoal hearths (Hirsch et 

al., 2017). 

 

However, the results from our research showed that there was no significant correlation between the 

amount of charcoal present in the soil and vegetation. On non-relict charcoal hearths areas, we have found 

two more plant species. However, we should take into account that we found 74 NRCHs and 48 RCHs. 

This results into 26 more areas which could be the reason why the non-relict charcoal hearths have a 

slightly higher number of plant diversity. This leads us to the results that the vegetation diversity, 

perimeter and surface cover is higher on NRCHs, and the plant length is lower in NRCHs.  

 



The spatial relationship between relict charcoal hearths and biochar on forest vegetation          18 

 

 
Figure 10. Distribution of the data on Height_Cha and Surf_Veg (Unver, 2019) 

 

During field work different variables could have affected the eventual outcome of the results.  As 

aforementioned, the measurements were taken by four different researchers where each person had a 

different approach focus and perception. For instance, when measuring the vegetation cover, not everyone 

agreed on the same number. As a consequence, our conclusion can have a different outcome due to 

difference in individual perception or biased measurement. Furthermore, the experiment is not 

randomized. Each group was told on which specialization they had to focus for the entire field work. This 

is another factor that could have an impact on the accuracy of measurement. These errors are could have 

had less influence on the outcome if the sample size was larger, since a statistical example needs to be 

large enough to reflect the case. Otherwise, it could misrepresent probability. The larger the sample size, 

the smaller the effect size that can be detected. An inappropriate sample size often leads to an 

underpowered study with less statistical power. This poses scientific issues for researchers if they want 

the study to yield useful information without inconclusive results. This had a substantial influence on the 

research on the effects of relict charcoal hearth on vegetation in forest ecosystems.   
For this research a sample size of only 32 was used for statistical analysis when looking at the correlation 

between charcoal layer (abundance of leftover biochar) and vegetation. When removing the NA to test the 

p-value for a significant difference, the sample size got too small. This is a result of missing data or data 

that was written down incorrectly. For this reason, to look at the effect of leftover biochar on soil 

properties, other results from different literature studies need to be consulted and preferably, researched 

more in the future. In addition, not all field work results were taken into account in this research. After 

field work, some plants were still not identified or uploaded into the Collector App and additional 

information about this species were also missing. For instance, the location (RCH or NRCH) vegetation 

length, abundance or cover was missing. Since this research is mainly focused on these variables, I 

decided to leave them out. Nevertheless, Myrthe Detiger (2019) decided to include them in her study, thus 

these results can be found in her research results if any party is interested in the remaining five plant 

species.  

 

The sample size is not the only matter in this research. During fieldwork there were multiple technical 

issues regarding the ESRI Collector App. There was poor internet connection around the Lange 

Horstberge and often pictures or additional comments were not saved when trying to upload the data in 

the Collector App. An option given by ESRI Collector App is to work online, however, this does not 

always work and likewise, the data does not upload in the Collector App. Establishing a clear manual for 

the coming years to prevent some of the technical issues is recommended.  

 

It would be interesting to know if there is a substantial difference for the outcome next year, when 

improving the methods. To improve the aforementioned methodologies and reduce uncertainties to 

increase validity, a more thorough and precise research on a larger scale should be conducted. This 
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includes analyzing the altered soil properties on relict charcoal hearths not only with the help of the WRB, 

but also through laboratory work. During field work, a difference between water content or carbon 

content could not be tested during or after fieldwork, since there was no room for laboratory work due to 

a limited period of time to conduct the research. This research group has been the first year to study the 

effects of relict charcoal hearths on plants growth and the first year that has used the Collector App for 

this study area which explains some of the uncertainties. This makes room for the upcoming years to 

make some improvements.  

7      Conclusion 

The goal of this study was to locate and to understand the possible effects of RCHs on soil properties and 

plant growth in forest ecosystem, while also contributing to more knowledge about the past landscape by 

contributing to new archeological physical geography discoveries in Brandenburg. In addition, this 

research gives insight into mapping of micro geomorphology using various techniques such as LiDAR, 

drone images and ArcGIS which is widely applicable for other fields.  

  During research the main question was if relict charcoal hearths have a significant influence on 

the forest vegetation, since RCHs alter soil properties. These changed soil properties consisted out of 

organic matter, nutrients and carbon content. Hereafter, the vegetation surface, diversity, length, perimeter 

and the amount of charcoal parts were noted down in the Collector App to statistically analyze them in 

RStudio and Microsoft Excel 2016. The altered soil properties that were detected during field work were 

the organic matter and physical fertility of the soil, which includes the extended root growth in RCHs and 

coarse soil. The carbon- and water content were changed too, however, this was studied by Hirsch et al., 

(2017) and not during this research. These altered properties could induce plant growth by increasing the 

soils fertility. Nevertheless, during statistical analyses, it became apparent that there is no correlation 

between the leftover biochar in the soil and plants growth. Thus, do relict charcoal hearths have a 

significant influence on the forest vegetation? As aforementioned, there was no significant correlation 

detected between the amount of charcoal parts in the soil and the vegetation. However, it would be 

interesting to know if there is a substantial difference in outcome next year when improving the methods. 

To improve the methodologies and reduce uncertainties to increase validity, a more thorough and precise 

research on a larger scale should be conducted. This includes analyzing the altered soil properties on relict 

charcoal hearths not only with the help of the WRB, but also through laboratory work by checking the 

carbon content, water content and organic matter.   
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des süddeutschen Alpenvorlandes. Eiszeitalter Und Gegenwart Quaternary Science Journal, 56(1–2), 66–

83. http://doi.org/10.3285/eg.56.1-2 

 

Hardy, B., J.T. Cornelis, D. Houben, J. Leifeld, R. Lambert, and J.E. Dufey. 2017. Evaluation of the long-

term effect of biochar on properties of temperate agricultural soil at pre-industrial charcoal kiln sites in 

Wallonia, Belgium. Eur. J. Soil Sci. doi:10.1111/ejss.12395 

 

Hart, J.L., Van De Gevel, S.L., Mann, D.F., & Clatterbuck, W.K. 2008. Legacy of 

charcoaling in a Western Highland Rim Forest in Tennessee. The American 

Midland Naturalist 159, 238–250 

 

Hirsch et al. (2018). Soils on Historic Charcoal Hearths: Terminology and Chemical Properties. Soil 

Science Society of America. doi:10.2136/sssaj2017.02.0067 



The spatial relationship between relict charcoal hearths and biochar on forest vegetation          21 

 

 

Hirsch, F. (2019) personal communication, May 13, 2019. 

 

LAStools. (2017). Efficient LiDAR Processing Software (version 141017, academic). Obtained from 

http://rapidlasso.com/LAStools 

 

Mastrolonardo, G. et al. (2019). Long-Term Effect of Charcoal Accumulation in Hearth Soils on Tree 

Growth and Nutrient Cycling. Frontiers in Environmental Science. 7. 51. 10.3389/fenvs.2019.00051.  

 

Mengel, K. & Haeder, H. (1977). Effect of potassium supply on the rate of phloem sap exudation and the 

composition of phloem sap of Ricinus communis. Plant Physiology 59:282-284.  
 

Mikan, C.J., & Abrams, M.D. 1995. Altered forest composition and soil properties of historic charcoal 

hearths in southeastern Pennsylvania. Canadian Journal of Forest 

Research 25, 687–696.29 

 

Mikan, C.J., & Abrams, M.D. 1996. Mechanism inhibiting the forest development of 

historic charcoal hearths in southeastern Pennsylvania. Canadian Journal of Forest 

Research 26, 1893–1898. 

 

Raab et al. (2014). Pre-industrial charcoal production in Lower Lusatia (Brandenburg, Germany): 

Detection and evaluation of a large charcoal-burning field by combining archaeological studies, GIS-

based analyses of shaded-relief maps and dendrochronological age determination. Quat. Int. 367:111– 

122. doi:10.1016/j.quaint.2014.09.041 

 

Raab, A., Bonhage, A., Schneider, A., Raab T., Rosler, H., Heussner, K.U. & Hirsch, F. (2017). Spatial 

distribution of relict charcoal hearths in the former royal forest district Tauer (SE Brandenburg, 

Germany). Quaternary International.  

Raab, T., Hirsch, F., Ouimet, W., Johnson, K. M., Dethier, D., & Raab, A. (2017). Architecture of relict 

charcoal hearths in northwestern Connecticut, USA. Geoarchaeology, 32(4), 502–510.  

Rosler, H., Bonisch, E., Schopper, F., Raab, T., & Raab, A. (2015). Pre-industrial Charcoal Production 

in southern Brandenburg and its impact on the environment. Landscape Archaeology between Art and 

Science, From a Multi- to an Interdisciplinary Approach. Amsterdam  

 

De Ruiter, P. C., et al. (1993). "Calculation of nitrogen mineralization in soil food webs." Plant and Soil  

157(2): 263-273. 

 

Schenkel, Y., Bertaux, P., Vanwijnsberghe, S., and Carre, J. (1998). An evaluation of the 
mound kiln carbonization technique. Biomass and Bioenergy 14, 505–516. 

 

Schulz, H., & Glaser, B. (2012). Effects of biochar compared to organic and inorganic fertilizers on soil 

quality and plant growth in a greenhouse experiment. Journal of Plant Nutrition and Soil Science, 175(3), 

410–422  

 
Syers J. K. (1997). Managing soils for long-term productivity. Philosophical Transactions of the Royal Society 
B: Biological Sciences, 352(1356), 1011–1021. doi:10.1098/rstb.1997.0079 
 



The spatial relationship between relict charcoal hearths and biochar on forest vegetation          22 

 

 

Taneva, L., J.S. Pippen, W.H. Schlesinger, and M.A. Gonzalez-Meler. 2006. The turnover of carbon 

pools contributing to soil CO2 and soil respiration in a temperate forest exposed to elevated CO2 

concentration. Glob. Change. Biol. 12:983–994. doi:10.1111/j.1365-2486.2006.01147.x 

 

Uzoma, K. C., Inoue, M., Andry, H., Fujimaki, H., Zahoor, A., & Nishihara, E. (2011). Effect of cow 

manure biochar on maize productivity under sandy soil condition. Soil Use and Management, 27(2), 205-

212. doi:10.1111/j.1475-2743.2011.00340.x 
 

 

White, A.C. , Rogers, A.,  Rees, M., Osborne, C.P. (2016) How can we make plants grow faster? A 

source–sink perspective on growth rate, Journal of Experimental Botany, Volume 67, Issue 1, January 

2016, Pages 31–45, https://doi.org/10.1093/jxb/erv447 

10  Appendices  

 

Appendix A Dutch summary for the general public  
Oude houtskoolhaarden (RCHs) werden in de 17e-19e gebruikt voor energieopwekking of om te dienen 

als ruw materiaal voor ijzerproductie. In dit onderzoek zijn RCHs gedetecteerd door middel van LiDAR 

en veldwerk observaties. LiDAR is een techniek waarbij gebruik wordt gemaakt van een laser die het 

reliëf van een landschap scant. Door middel van LiDAR wordt het detecteren van oude houtskoolhaarden 

makkelijker. Het effect van houtskoolhaarden op de vegetatie in de bossen is nog reeds onbekend. De 

hoofdvraag in dit onderzoek is of organische koolstof van de overgebleven houtskoolstukken effect heeft 

op de bodem en vegetatie. Er wordt dan gekeken naar drie variabelen: diversiteit, hoogte en dichtheid van 

de vegetatie. Ondertussen wordt er ook onderzocht welke bodemeigenschappen mogelijk veranderd zijn 

door de houtskoolhaarden. Door middel van deze resultaten is er meer duidelijkheid over de invloed van 

de mens op het landschap. De verzamelde data wordt verder uitgewerkt in software Matlab R2017b en 

open-source programma RStudio voor statistische analyse en visualisatie. 

Appendix B  Data sources  

 

Dataset Source Date 

Blattschnitte 

(WMS-BS) 

Blattschnitte (WMS-BS) on http://isk.geobasis-

bb.de/ows/dnmbs.php? 

 

2017 

https://doi.org/10.1093/jxb/erv447
http://isk.geobasis-bb.de/ows/dnmbs.php
http://isk.geobasis-bb.de/ows/dnmbs.php
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Digital maps: 

Orthophotos and 

Topographical 

Digitale Orthophotos 20cm Bodenauslosung Farbe 

(WMS_BB_DOP20c_2005-2010) on http://isk.geobasis-

bb.de/ows/dop20c_2005_2010_wms? 

 

Digitale Topografische Karte 1_200 000 Farbe 

(WMS_BB_DTK200_Farbe) on http://isk.geobasis-

bb.de/ows/dtk50farbe_wms? 

 

 

2010 (orthophoto) 

2017 (topographical) 

LiDAR data (.las 

files) 

University of Amsterdam Geoportal. LiDAR data (.las files).  

Available on: 

http://geodata.science.uva.nl/UvAGeoData/ClickableMaps/World/

Europe/Germany/ClickableMapsGermany/Lidar_Baruth.html 

 

2016 

RCH locations https://uvagis.maps.arcgis.com/home  

(ArcGIS online) made by Rob Burger, Myrthe Detiger, Marjolein 

Gevers & Seda Unver.  

2019 

Wild flower finder Roger Darlington (RWD), (https://wildflowerfinder.org.uk)  2012 

 

Additional data resources that were used during pre-processing to learn more about the 

Brandenburg region and environment:  
 

      -     Brandenburg LGRB Geologische Karte 1:25.000 (GK25) WMS 
              http://www.geo.brandenburg.de/ows/gk25.cgi? 

- Brandenburg LGB Brandenburg: WMS-DTK50grau auf isk.geobasis-bb.de WMS 
http://isk.geobasis-bb.de/ows/dtk50grau_wms  

- Brandenburg: WMS-DTK50farbe auf isk.geobasis-bb.de WMS 
http://isk.geobasis-bb.de/ows/dtk50farbe_wms 

- Brandenburg LGB Brandenburg: WMS-DTK10grau auf isk.geobasis-bb.de WMS 
http://isk.geobasis-bb.de/ows/dtk10grau_wms  

 

 

 

http://isk.geobasis-bb.de/ows/dop20c_2005_2010_wms
http://isk.geobasis-bb.de/ows/dop20c_2005_2010_wms
http://isk.geobasis-bb.de/ows/dtk50farbe_wms
http://isk.geobasis-bb.de/ows/dtk50farbe_wms
http://geodata.science.uva.nl/UvAGeoData/ClickableMaps/World/Europe/Germany/ClickableMapsGermany/Lidar_Baruth.html
http://geodata.science.uva.nl/UvAGeoData/ClickableMaps/World/Europe/Germany/ClickableMapsGermany/Lidar_Baruth.html
https://uvagis.maps.arcgis.com/home
https://wildflowerfinder.org.uk/
http://www.geo.brandenburg.de/ows/gk25.cgi
http://isk.geobasis-bb.de/ows/dtk50grau_wms
http://isk.geobasis-bb.de/ows/dtk50farbe_wms
http://isk.geobasis-bb.de/ows/dtk10grau_wms
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Appendix C  Data Management Plan (DMP) 

 
All spatial data is provided in the GIS Studio at Science Park 904 in the \\:D drive and is backed up and 

saved in a cloud storage or universal serial bus (usb) every day. All of the already pre-processed data is 

compiled in Geoportal UvA that is built by IBED and FMG workers for the exchange of geodata within 

the UvA community. Other data that is being utilized for this study is open source and is retrieved online. 

Data retrieved from field work, such as field work observations regarding vegetations diversity, density 

and coverage will be transformed from ArcGIS online to ArcMap where after the data will be transported 

to Microsoft Excel. Hereafter, it is imported as a .csv file into RStudio. The GPS locations will be saved 

as a vector (point feature) in the Access .mdb geodatabase using ArcMap 10.6.1. The final version of the 

Bachelor Thesis will be uploaded as a public thesis study in library. In addition, the final version of the 

thesis will be available on the site of GIS-studio.nl through the management of the UvA GIS Studio. The 

Brandenburgisches Landesamt für Denkmalpflege und Archäologisches Landesmuseum recently 

contacted the research group for their findings to showcase it in the archeological museum. However, 

there is no other form of outreach method established yet, since as of today no specific plans are made to 

communicate the proposed study to other potential users or general public. Potential knowledge users are 

free to use all of the data to learn more about relic charcoal hearths and their legacy on the environment 

and landscape form. The Data Management Plan is visualized in figure .. on page 25.  
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Appendix D  Plant data base  

 

 

 

Table 1. Vegetation in study area 

Plant species 

(English name) 

Category Latin name Number of times found on 

RCHs  

Number of times found on 

non-RCHs 

Trees, young 

saplings 
   

 

Beech Angiosperm Fagus sylvatica 7 2 

Birch Angiosperm Betula pendula  3 2 

Elm Angiosperm Ulmus minor 'Atinia' 

 

0 1 

Maple Angiosperm Acer pseudoplatanus 17 1 

Oak Angiosperm Sect. Quercus 

(Lepidobalanus) 

4 2 

Pine Gymnosperm Pinus Sylvestris 2 7 

Wild black cherry Angiosperm Prunus serotina var. 

alabamensis  

 

8 

8 

(Flowering) 

plants 
   

 

Blackberry Dicot Rosaceae Rubus 1 0 

Marsh blazing star Dicot Liatris Spicata 0 1 

Buttercup Dicot Ranunculus 

glaberrimus 

0 2 

Buckwheat Dicot Fagopyrum tataricum 

 

4 1 

Creeping Charlie Dicot Glechoma hederacea 0 1 

https://en.wikipedia.org/wiki/Fagus_sylvatica
https://en.wikipedia.org/wiki/Betula_pendula
https://en.wikipedia.org/wiki/Acer_pseudoplatanus
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Celandine 
 

Dicot Chelidonium majus 
 

1 0 

Chickweed Dicot Stellaria media 

 

2 2 

Cleavers Dicot Galium aparine 3 2 

Daisy Dicot Bellis perennis  0 1 

Dandelion Dicot Taraxacum officinale 2 13 

Dead nettle Dicot Lamium purpureum 1 3 

Elderberry Dicot Sambucus Canadensis 1 0 

Erodium Dicot Erodium manescavi 
 

0 1 

Fox tail Monocot Hordeum murinum,  

 

0 1 

Grass* Monocot Poaceae 15 54 

Horsetail Pteridophytes Equisetum arvense 0 1 

Jack by the hedge Monocot Alliaria petiolata 8 1 

Lily of the valley Monocot Convallaria majalis 5 0 

Moss* Bryophytes Tetraphidaceae 16 15 

Shepherd’s purse Dicot Capsella bursa-

pastoris 

9 8 

Sorrel 

 

Dicot Rumex acetosa 2 4 

Solomun’s seal Monocot 

Polygonatum 

odoratum 

11 0 

Stinging nettle Dicot Urtica dioica 8 2 

Wild rowan Dicot Sorbus aucuparia 7 0  

https://www.plantennamen.info/wetenschappelijke-namen/bellis-perennis-madeliefje
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Speedwell Dicot Veronica arfensis 4 4 

Wood anemone Dicot Anemone nemorosa  12 3 

Wood fern Pteridophytes Dryopteris expansa 7 1 

Yarrow Dicot Achillea millefolium 0 5 

Yellow archangel 
(yellow dead nettle)  

Dicot 

Lamiastrum 

galeobdolon 

0 1 

Estimated total no. 

of species 
 35 

41 trees/young saplings 

88     (flowering plants)  

 

20        trees/young saplings 

56            (flowering) plants 

 

*In this paper, the decision was made to stick to the ubiquitous family of grasses and mosses, since there 

are a multitude of grass and moss varieties within the family and the research group was not qualified 

enough to identify these different varieties 
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Birch Maple 

Oak Pine Wild black cherry 

Chickweed Bedstraw Jack by the hedge 

hedge 

Beech 
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Dead nettle Grass 

Lilly of the valley 

Shepherd’s purse  
Wild rowan Moss 

Dandelion 

Sand horn 
Black berry 
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Creeping Charlie 

Yarrow Solomun’s seal 

Erodium  

Sorrel 
Cleavers Stinging nettle 

Wood fern 

Wood anemone 
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Source pictures of Elm, Foxtail, Horsetail, Speedwell, Elderberry, Daisy, Buttercup retrieved from: Roger 
Darlington (RWD), (https://wildflowerfinder.org.uk)   

Buckwheat 

Elm 

Speedwell 
Horsetail 

Foxtail 

Elderberry 

Daisy Buttercup 

Celandeline 
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Appendix E    Tables vegetation data 

 

 

Table 1. RCHs and the according charcoal layer and surface vegetation 

 

 

 

 

 

 

 

 

Object_ID 
(RCH) 

Height_Cha 
(cm) 

Depth_Char 
(cm) 

SurfVeg 
(%) 

1003 16         8 92 

1004 10         10 95 

1006 7         13 80 

1014 7         17 75 

1015 5         25 85 

2004 10         30 70 

2008 5         20 60 

2011 10         6 95 

2018 4         20 60 

3004 6         5 30 

3008 8         30 10 

3009 5         18 60 

5002 15         30 60 

5004 7         15 90 

5005 8         20 95 

5006 6         50 15 

5007 11         15 80 

4019 5         10 30 

4021 10         30 100 

5014            13        11 10 

4024 5        45 100 

5020 12        15 22 

6003 7        20 70 

6004 8        15 55 

6005 12        45 50 

6007 5        50 19 

6011 6        50 28 

6012 9        50 25 

6013 8        25 33 

6019 9        25 5 

7016 7        13 30 

1001 23        10 60 
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Table 2. Non-RCHs and the according surface vegetation 

OBJECTID_1 
(Non-RCH) Surf_Veg  %) 

1019 95 

2009 45 

2010 90 

2012 90 

2016 80 

3001 40 

3002 10 

3010 80 

5001   70 

4001                      80 

4002                      90 

4003                    100 

4004                      95 

4005 95 

5003 80 

4008 90 

4009 100 

4010                    100 

4014                      80 

4013                      80 

4015                      60 

4016 90 

4018 40 

4017                      40 

4012                      80 

4011                      80 

4020 100 

4022 90 

4023 100 

5013 100 

6001 35 

6002 80 

7001 14 

6015 20 

7003 31 

6016 11 

7004 23 

7006 13 

7009 20 

6022 40 

6023 100 

7013 75 

7014 50 
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Table 3. RCHs and the according charcoal layer and trees/plants perimeter and length 

Object_ID 
(RCHs) 

Height_Cha 
(cm) 

Depth_Char 
(cm) 

Perimeter_Veg 
(cm) 

Length_Veg 
(cm) 

1001 23  10     

5010 0       

1002 10  14 
Acer 90, 115, 109 cm  
Oaks of 3x15cm  Prunus 30-40 cm 

205 0      

1003 16 8  

Sandhorn 40cm 
Speedwell 15cm 

1004 10 10  

Grass around RCH 27cm, 
on RCH 16cm 

1006 7 13 Prunus 44cm 
Buckwheat 11cm 
Prunus 20-180cm 

1012 7 20  Grass 15cm 

1013 8 30  Grass 18cm 

1014 7 17  Grass 16cm 

1015 5 25   

1016 3 15   

1017 10 25   

2004 10 30   

2008 5 20   

2011 10 6   

2013 8 15   

2017 5 20 

Maple 4cm (>15x) 
Beech 54cm 
Elder berry 10cm Maple 2-4m 

2018 4 20 Maple 58cm  

2019 6 18  

Maple 0-2m 
Prunus 0-1m 

3005 5 25   

3004 6 5   

3008 8 30   

3009 5 18   

5002 15 30 
Beech 45 cm, 33cm  
Pine 114cm. 

5004 7 15   

5005 8 20   

5006 6 50   

5007 11 15  
4019 5 10   

4021 10 30  Grass 30cm 

5011 15 10 
Birch 36 cm, 30cm 
Pines 100 cm (5x)  

5012 9 17 Pines 95 cm (5x)  

5014 13 11 Pines 81 cm (6x)  

4024 5 45   

5020 12 15 Beech 99 cm, 40 cm, 53 cm 

6003 7 20 Maple 6cm, 44cm 
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6004 8 15  

Sorbus 25-30 cm  
Lily of the valley 20-30cm 

6005 12 45   

6007 5 50   

6009 6 40  

Prunus 2m 
Maple 2m 

6010   Oaks 2x90cm 
Maple 2m 
Beech 20cm 

6011 6 50   

6012 9 50 
Beech 2x60, 1x30 beech 
Maple 6x10  

6013 8 25   

6019 9 25   

6020 6 40 Berk 57 cm  

7016 7 13 Prunus 20cm  

1001 23  10 
Beech 160, 150, 218, 62 
cm 

Acer 40cm 
Prunus 60cm 

 

Table 4. Non-RCHs and the according charcoal layer and trees/plants perimeter and length 

OBJECTID_1 
(non-RCHs) Perimeter_Veg (cm) Length_Veg (cm) 

1005  Grass 27cm 

1007  Grass 25cm 

1008  Grass 16cm 

1011  Grass 9cm 

2005  Grass 25cm 

3002  Prunus 10cm 

3011  Cleaver 30cm Stinging Nettle 30cm  

5001  

Dandelion 8cm 
Grass 10cm 
Shepherd's purse 10cm 
Sorrow 10cm 

4001  Grass 5cm 

4004  Grass 10cm 

4005  Grass 10cm 

5003 Prunus 15cm (3x)  

4009  Grass 16cm 

4010  Grass 10cm 

4016  Grass 20cm 

5013 Pines 110cm (5x)  

6006  Maple 50cm 

6021 Beech 250cm   
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Appendix F  Maps 
 

        Field work area Horstwalde, Brandenburg 2019  
               Visualization of Relict Charcoal Hearth locations 

 

  

 
 

 

 

 

  

  

  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

LAStools. (2017). Efficient LiDAR Processing Software (version 141017, academic). Obtained from 

http://rapidlasso.com/LAStools (edited)
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Appendix G  Script RStudio 
 

 

# work directory 

> getwd() 

 

# set the work directory to the right location 

> setwd("~/Desktop/THESIS") 

 

# load the .csv into R 

RCHsurfveg <- read_csv("~/Desktop/THESIS/RCHsurfveg.csv") 

NRCHsurfveg <- read_csv("~/Desktop/THESIS/NRCHsurfveg.csv") 

 

# make a boxplot of the two studied areas  

> boxplot(NRCHsurfveg, main='Surface vegetation on a non-RCH', xlab='Location', 

ylab='Surface vegetation in (%)') 

> View(NRCHsurfveg) 

> boxplot(RCHsurfveg, main='Surface vegetation on a RCH', xlab='Location', 

ylab='Surface vegetation in (%)') 

> View(RCHsurfveg) 

 

# Two plots together in one plot 

> boxplot(NRCHsurfveg$Surf_Veg, RCHsurfveg$SurfVeg, main='Surface vegetation on 

a RCH', xlab='Location', ylab='Surface vegetation in (%)', col=c('darkgoldenrod', 

'forestgreen') ) 

 

#Add a legend 

> legend('topright', legend=c("RCH", "non-RCH"),col=c("forestgreen", 

"darkgoldenrod"), horiz=TRUE, cex=0.6) 

 
# Is the data normally distributed? 

# First set graphical parameters (two figures in one plot) 

# Make a QQ plot with the data 

> par(mfrow = c(1, 2)) 

> qqnorm(Ap1) 

> qqline(Ap1) 

> par(mfrow = c(1, 2)) 

> qqnorm(Shearstress$Location1Ap) 

> qqline(Shearstress$Location1Ap) 
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# Do the same for other data soil layers 

 

 

# QQ plot from a normal distributed dataset. 

simnorm <- rnorm(n = length(Shearstress$Location1Ap), mean = 

mean(Shearstress$Location1Ap),   sd = sd(Shearstress$Location1Ap) 

qqnorm(simnorm, main = "Normal QQ Plot (Sim)") 

qqline(simnorm) 

  

# We can create multiple QQ-norm simulation plots with this function 

qqnormsim = function (dat)  

{ 

  par(mfrow = c(3, 3)) 

  qqnorm(dat, main = "Normal QQ Plot (Data)") 

  qqline(dat) 

  for (i in 1:8) { 

    simnorm <- rnorm(n = length(dat), mean = mean(dat),  

                    sd = sd(dat)) 

    qqnorm(simnorm, main = "Normal QQ Plot (Sim)") 

    qqline(simnorm) 

  } 

  par(mfrow = c(1, 1)) 

} 

 

# Adjust code 

# Make a qqplot of the two datasets 

par(mar=c(1,1,1,1)) 

qqnormsim(Ap1) 

qqnormsim(Ap3) 

 

# Make a qqplot of the two datasets correctly 

qqnormsim(Ap1) 

qqnormsim(Ap3) 
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Appendix H  ESRI Collector App fieldwork data 

(cleaned)  

 
OBJECTID_1 Field_chec Validity jaar diameter radius 

1003 1  2019 8 4 

1004 1  2019 7 4 

1005 0  2019   

1006 1  2019 13 6 

1007 0  2019   

1008 0  2019 0  

1009 0  2019   

1010 0  2019   

1011 0  2019   

1012 1  2019 6 3 

1013 1  2019 8 4 

1014 1  2019 6  

1015 1  2019 9 4 

1016 1  2019 10 5 

1017 1  2019 7 3 

1018 2  2019   

1019 0  2019   

1020 0  2019   

2001 0  2019   

2002 0  2019   

2003 0  2019   

2004 1  2019 10 5 

2005 0  2019   

2006 2  2019   

2007 0  2019   

2008 1  2019 9 4 

2009 0  2019   

2010 0  2019   

2011 1  2019 8 4 

2012 0  2019   

2013 1  2019 13 7 

2014 0     

2015 0  2019   

2016 0  2019   
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2017 1  2019 15 7 

2018 1  2019 7 4 

2019 1  2019 11 6 

2020 0  2019   

3001 0  2019   

3002 0  2019   

3003 0  2019   

3005 1  2019 12 6 

3004 1  2019 15 7 

3006 0  2019   

3007 0  2019   

3008 1  2019 8  

3009 1  2019   

3010 0  2019   

3011 0  2019   

3012 0  2019   

3013 0  2019   

3014 0  2019   

3015 0  2019   

3016 0  2019   

3018 0  2019   

3017 0  2019   

5001 0  2019   

4001 0  2019   

4002 0 0 2019   

5002 1  2019 8 4 

4003 0 0 2019   

4004 0 0 2019   

4005 0  2019   

5003 0  2019   

4007 0 0 2019   

4008 0 0 2019   

5004 1  2019 6 3 

4009 0 0 2019   

4010 0 0 2019   

5005 1  2019 5  

4014 0 0 2019   

4013 0 0 2019   

5006 1  2019 13 6,5 

4015 0 0 2019   
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4016 0 0 2019   

4018 0 0 2019   

4017 0 0 2019   

4012 0 0 2019   

4011 0 0 2019   

5007 1  2019 22 11 

4019 1  2019 14 7 

5008 0  2019   

4020 0  2019   

5009 0  2019   

4021 1  2019 14 7 

4022 0  2019   

5011 1  2019   

5012 1  2019   

4023 0  2019   

5013 0  2019   

5014 1  2019 8  

4024 1  2019 12 6 

5020 1  2019 10 5 

5015 1  2019   

5016   2019   

5017 1  2019   

5018 1  2019   

5019 1  2019   

6001 0  2019   

6002 0  2019   

6003 1  2019 10 5 

6004 1  2019 14  

6005 1  2019 15 7 

6006 0  2019   

6007 1  2019 11 6 

6008 0  2019   

6009 1  2019 13 7 

6010 1  2019 6  

6011 1  2019 11 5 

6012 1  2019 10 5 

6013 1  2019 5 2 

6014 0  2019   

7001 0  2019   

6015 0  2019   
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7002 0  2019   

7003 0  2019   

6016 0  2019   

7004 0  2019   

7005 0  2019   

7006 0  2019   

6017 0  2019   

6018 0  2019   

7007 0  2019   

7008 0  2019   

6019 1  2019 14 7 

7009 0  2019   

7010 0  2019   

6020 1  2019 7 3 

7011 0  2019   

7012 1  2019   

6021 0  2019   

6022 0  2019   

6023 0  2019   

7013 0  2019   

7014 0  2019   

7015 0  2019   

7016 1  2019 6  

7017 0  2019   

1001 1 2 2019 12 6 

8001 0  2019   

5 0 0 2019 0 0 

24 0 2 2018 0 0 

57 1 2 2018 0 0 

1001 1 2 2018 12 6 

5010 1 2 2018 8 0 

172 2 2 2018 0 0 

191 0 2 2018 0 0 

1002 1  2019 7 4 

205 1 2 2018 0 0 

269 0 2 2018 0 0 

270 0 2 2018 0 0 

271 2 0 2018 0 0 

272 2 0 2018 0 0 

273 2 0 2018 0 0 
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274 2 0 2018 0 0 

275 2 0 2018 0 0 

276 2 0 2018 0 0 

277 2 0 2018 0 0 

283 0 2 2018 0 0 

Date_ Location Landuse 

2019-05-09 9:09 Ten noorden van LHB (50m) Meadow 

2019-05-09 9:33 Ten noorden van LHB (50 m) Meadow 

2019-05-09 9:45 Meadow  
2019-05-09 

10:13 LHB Decidious forest 
2019-05-09 

12:41 Westen van weg, ten noorden van LHB Meadow 
2019-05-09 

12:46 Ten noorden van LHb Meadow 
2019-05-09 

12:51 Ten noorden van lhb Meadow 
2019-05-09 

12:56 Noorden van lbh Meadow 
2019-05-09 

13:01 Noorden van lhb Meadow 
2019-05-09 

13:18 Ten noorden van LHB Meadow 
2019-05-09 

13:39 Noorden van lhb Meadow 
2019-05-09 

13:48 
Noorden van LHB. Plateau between 
meadow/forest Meadow 

2019-05-09 
13:56 Noorden van lhb Meadow 

2019-05-09 
14:28 Noorden van lhb Meadow 

2019-05-09 
14:37 Noorden van lhb Meadow 

2019-05-09 
14:49   

2019-05-09 
15:02 Langs veldwerkgrens van t westen. Ten noorden Lbh 

2019-05-09 
15:25 Echt in t weiland. Ten noorden van t plateau Meadow 

2019-05-10 9:41 
Eerste plek ten oosten van de weg. Ten 
noorden Lhb Meadow 

2019-05-10 9:47 Meadow Meadow 

2019-05-10 9:50 Meadow Meadow 
2019-05-10 

10:01 Meadow Meadow 
2019-05-10 

10:27 Meadow Meadow 
2019-05-10 

11:41 North East Horstmuhle Meadow 
2019-05-10 

11:49 North East Horstmuhle Meadow 
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2019-05-10 
11:55 North East Horstmuhle Meadow 

2019-05-10 
12:04 North of LHB, east of Horstmuhle Meadow 

2019-05-10 
12:11 North of LHB Meadow 

2019-05-10 
12:42 North LHB Meadow 

2019-05-10 
12:48 North from LHB Meadow 

2019-05-10 
13:24 Ten noorden van LHB 

Meadow, gekapt bos? Open 
vlakte? 

2019-05-05 1:30 Meadow, wet grassland north of LHB Grassland 
2019-05-10 

13:55 Meadow Meadow 
2019-05-10 

14:05   
2019-05-10 

14:17 Mixed decidious forest Mixed decidious forest 
2019-05-10 

14:30 Ten noorden van LHB Decidious forest 
2019-05-10 

14:47 Ten noorden lhb, in bos Mixed decidious forest 

 LHB  

2019-05-11 7:50 Oosten van hortmuehle. Zuiden op lhb. 

2019-05-11 7:57 LHB Decidious forest 

2019-05-11 8:05 LHB Decidious forest 

2019-05-11 8:31 LHB Decidious forest 

2019-05-11 8:55 Slope  LHB Decidious forest 

2019-05-11 9:35 LHB Decidious forest 

2019-05-11 9:45 LHB Decidious forest 
2019-05-11 

10:05 Bottom of LHB, south Forest 
2019-05-11 

10:13 LHB Forest 
2019-05-11 

12:47 Forest, North of LHB Deciduous open forest 
2019-05-11 

13:03 Forest, North of LHB Deciduous open forest with grass 
2019-05-11 

13:00 Grassland, North of LHB Grassland 
2019-05-11 

13:13 Grassland, North of LHB Grassland 
2019-05-11 

13:16 Grassland, North of LHB Grassland 
2019-05-11 

13:17 Grassland, North of LHB Grassland 
2019-05-11 

13:29 Grassland, North of LHB Grassland 
2019-05-11 

13:43 Grassland, North of LHB Grassland 
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2019-05-11 
13:45 Grassland, North of LHB Grassland 

2019-05-13 7:38 South LHB Meadow 

2019-05-13 7:47 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 8:00 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 7:53 LHB Deciduous forest 

2019-05-13 8:06 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 8:13 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 8:18 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 8:16 Op LHB Deciduous forest 

2019-05-13 8:30 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 8:35 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 8:45 LHB Mixed deciduous forest 

2019-05-13 8:45 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 8:59 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 8:55 Just above 5006, LHB Forest 

2019-05-13 9:17 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 9:15 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 9:17 LHB Decidous forest 

2019-05-13 9:22 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 9:26 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 9:52 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 9:47 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 9:00 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 9:02 
South of LHB, Meadow, on small parabolic 
dune  Meadow 

2019-05-13 
10:04 LHB  Deciduous forest 

2019-05-13 
12:19 Zuid op LHB Coniferous forest 

2019-05-13 
12:28 LHB (close to meadow) Open decidous forest 

2019-05-13 
12:32 LHB Coniferous forest 

2019-05-13 
12:42 Meadow next to LHB Meadow 

2019-05-13 
12:45 ZW Horstmuhle Coniferous forest 
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2019-05-13 
12:53 LHB Conifeorus en deciduous forest 

2019-05-13 
12:58 LHB Open deciduous forest 

2019-05-13 
13:07 

Should be a 5m south, on the suspected 2018 
rch Open decidous forest 

2019-05-13 
13:13 LHB Forest 

2019-05-13 
13:19 LHB Open deciduous forest 

2019-05-13 
13:23 LHB Open deciduous forest 

2019-05-13 
13:41 South LHB 

Mixed coniferous and deciduous 
forest 

2019-05-13 
14:17 LHB Forest 

   

   

   

   

   

2019-05-14 7:37 LHB, close to road Open Deciduous forest 

2019-05-14 7:41 LHB Open Deciduous forest 

2019-05-14 8:00 LHB Open Deciduous forest 

2019-05-14 8:27 LHB Open deciduous forest 

2019-05-14 8:52 LHB Forest 

2019-05-14 9:11 LHB Forest 

2019-05-14 9:29 LHB Open deciduous forest 
2019-05-14 

10:16 LHB Forest 
2019-05-14 

10:25 Same point as 2018 (bottom right) Forest 
2019-05-14 

10:44 LHB Deciduous forest 
2019-05-14 

11:37 Next to big RCH, LHB Deciduous forest 
2019-05-14 

12:02 LHB Forest 
2019-05-14 

12:10 On top of other RCH Deciduous forest 
2019-05-14 

12:33 LHB Forest 
2019-05-14 

12:48 LHB Planted pine forest 
2019-05-14 

12:50 LHB Open coniferous forest 
2019-05-14 

12:54 Wet with high grass and elms Old wetland 
2019-05-14 

13:03 LHB open mixed forest 
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2019-05-14 
13:05 LHB Open coniferous forest 

2019-05-14 
13:10 LHB Planted pine Forest 

2019-05-14 
13:14 LHB Planted pine forest 

2019-05-14 
13:16 LHB planted pine forest 

2019-05-14 
13:16 LHB Open coniferous forest 

2019-05-14 
13:26 LHB Coniferous forest 

2019-05-14 
13:36 LHB Coniferous forest 

 Next to canal. probably on the dug out sand Mixed Forest 
2019-05-14 

13:43 
North LHB, border deciduous forest and 
meadow Deciduous forest 

2019-05-14 
13:46 Next to canal. probably on the dug out sand Coniferous forest 

2019-05-14 
13:53 LHB Coniferous forest 

2019-05-14 
14:01 Edge of forest, north LHB Deciduous forest 

2019-05-14 
14:06 LHB Pine forest 

2019-05-14 
14:10 Vossenburcht (Dassenburcht?) Planted pine forest 

2019-05-14 
14:16 Edge of forest, north LHB Deciduous forest 

2019-05-14 
14:23 Edge of forest, north LHB Meadow 

2019-05-14 
14:29 North LHB Open deciduous forest 

2019-05-14 
14:33 North of LHB, west from Horstmuhle Meadow 

2019-05-14 
14:47 North of LHB, west from Horstmuhle Meadow 

2019-05-14 
14:53 Small part of parabolic dune Meadow 

2019-05-14 
14:58 Edge of forest Mixed forest 

2019-05-14 
15:09 Edge of forest Mixed forest 

2019-05-09 8:00  LHB Mixed decidious forest 
2019-05-10 

15:26 Waterput next to building 
2019-05-11 

14:03   Deciduous forest next to grassland 
2019-05-09 

13:11  Noorden van lhb  Meadow 

2019-05-09 8:41     

2019-05-09 8:00  LHB Mixed decidious forest 
2019-05-13 

12:49 LHB Open deciduous forest 
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2019-05-09 
14:48   Between meadow and forest 

2019-05-11 
13:19     

2019-05-09 8:52  LHB  Mixed decidious forests 

2019-05-09 8:09    Forest 
2019-05-11 

13:19  grassland, clay   
2019-05-11 

13:18   Grassland 
2019-05-11 

13:50     
2019-05-11 

14:14     
2019-05-11 

14:14     
2019-05-11 

14:14     
2019-05-11 

14:13     
2019-05-11 

14:15     
2019-05-11 

13:51     
2019-05-11 

12:59   
Deciduous open forest with much 
grass 

 

 

Slope Height_Cha Relative_H 

16 22 

10 20 

7 40 

  

  

   

   

   

7 40 

8 40 

7 45 

5 30 

3 60 

10 40 
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echt 
duidelijk 
charcoal 
teruggevond
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helling, geen 
plateautje 20 
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charcoal and 
dark grey 
materia 
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profiel gev 50 

    

    

    

    

    

    

Dubbele charcoal laag. Eerst een laag, dan een  

tijdje niks 
(20 cm), dan 
opeens een 
zwartere 
laag  

daaronder 
weer zand 15 

   10 



The spatial relationship between relict charcoal hearths and biochar on forest vegetation          61 

 

    

    

    

  

Dikke A laag 
met OM, dan 
charcoal 
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SurfVeg Comments 

92% 
htasje drier on RCH than 
around it.  

95 % 

 On RCH dryer htasjes and 
much smaller and more 
dense. Outside RCH more 
dandelions and big less 
dense htasjes. Less grass on 
RCH than around it 

  

80%  

 Dikke ploeglaag 
Hoogte gras 
15-16 cm 

Geploegd. Al gauw op t zand 
met wat kleiig materiaal 

  

 

Dikke ploeglaag zanderig. 
Dan fluviatiel mayeriaal. 

 Ploeglaag again 

  

 

3 punten dicht op elkaar. 
Bodem weer met ploeglaag, 
daaronder voornamelijk zand 
met fluviatiel materiaal 

75% 
Houtskool ook op bodem 
gevonden, round hole.  

85% 

Interessant hoeveel procent 
aan charcoal remains in die 
layer. Hier 5%. Bodem is 
hetzelfde. Ploeglaag met 
daarin onduidelijke charcoal 
layer waar wel charcoal 
remains in zitten. Daaronder 
zand cw horizont. Fluviatiel 
materiaal 

  Charcoal 7% 

 

Mooie bodemprofiel. 
Ploeglaag. Duidelijk 
daaronder zandlaag 

 

Onbereikbaar in moeras met 
riet 

95%  

  

  
Qua vegetatie 
zelfde als 
2001, maar 
meer mos en 
langer 

Lijkt verdacht maar niks 
gevonden 0% charcoal       
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Bodem is hetzelfde. 
Ploeglaag, dan zand 
daaronder. Geen restjes van 
charcoal 

Bare, dry 
grass. No 
dendilians. 
Wel 
herderstasjes. 
70% totaal. 

Duidelijke charcoal hearth. 
Veel charcoal ook kleine 
fragmenten. In hoge 
categorie? 

Tall grass 25 
cm. 
Paardenbloem
en buiten. 
Veel 
klaverzuring 
en 
herderstasjes. 
Wegebree 
planten 

Lijkt verdacht veel op een 
haard. Klei dat lijkt op 
houtskool. Is het niet want te 
korrelig. Mooi bodemprofiel. 
Ploeglaag, zandlaag, dan 
zwarte donkere laag 

Beetje 
paardenbloem
en wel weinig 

Vorig jaar al bevestigd. Punt 
gemaakt voor vegetatie 

  
60% cover. Dovenetels, geen 
paardenbloemen, herderstasjes 
Yarrow 10%, 
herderstasj 
10%, gras 
20% en mos 
5% Ploeglaag, zand 
Geen 
paardenbloem
en. Mos. 
Herderstasjes. 
90% surface 
cover Veel wortels in de bodem 
Nettels 5%. 
Tall grass 
25cm. 
Herderstasjes. 
95% covered 

Ploeglaag. Zand met fluviatiel 
mayeriaal 

Zelfde vegetatie als hiervoor id 2009?. 
Covered 90%. Wel Dovenetels. En nieuwe 
soort: Marsh Blazingstar. Herderstasjes 

 

Middel-Veel charcoal, ook op 
de bodem. A-horizont. 
Charcoal layer. Dan kleiig van 
onder. Erg kleiig 

 

Geen charcoal. Enorm kleiige 
grond 

 

Zanderige grond. 
Duinafzetting. 
Kavelverdeling? 2012 zal wel 
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bos zijn geweest met al dat 
klei.  

80% density. 
65% gras. 
20% mos Veel zand. Geen charcoal. 

 Dikke a laag want forest. 
Brandnetels, 
brunes. 60% 
covered. 
Babybomen 
die al eerder 
zijn geweest. 

Dikke A-laag met veel 
wortels. Veel charcoal 
particles. Daaronder klei laag 
van zand 

 Dikke a laag wortels 

 

Soil put. Bruine laag, 
zandlaag, klei/veen. 

40% covered 
Wel mooi heuveltje, maar 
geen charcoal hearth 

5-10cm hoog 
max 

Bodemfoto 1. Geen charcoal, 
al snel op duinzand 

 

Wel charcoal gevonden maar 
veel te weinig. <1% 

Jack by the 
hedge.  

Dikke humus en a laag met 
wortels en houtskool. Mooie 
brokken charcoal. Middel tot 
veel houtskool. Ovaalvormige 
haard. 12 m breed en 5m 
lang. Langs de hoogtelijnen. 
Bodemfoto 2. A-laag, tot zand 
charcoal gevonden. Dan 
bodemfoto 3 boring 

30%. Best wel 
hetzelfde. Nu 
ook Kleefkruit. 

Grote hearth. 15x15m. Anna 
boom erbij. Veel houtskool en 
grote stukken. Bodemfoto 4. 
Bodemboring gedaan. Foto 
ook van charcoal layer 

 Bodemfoto 

 

Geen haard. Bovenop de 
LHB, staat een hutje bij. 

10% covered 
Bevestigd van vorig jaar. 
Maar geen duidelijke vorm 

5% jack by the 
edge. 15% 
woodanemoo
ntjes. 
Woodfern 3%. 
Brunes tot 2m 
20%. Bare 
ground 40%. Snel gecheckt. Goedgekeurd 

80% 
veg: rubus. big fallen tree of 
2m high roots 

low, max 
30cm.  

tree and verhoging in 
landschap 

 is tree 

 is tree 
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 is tree 

 is tree 

 is tree 

 aangeplante eik 

 aangeplante eik 
70% bedekt, 
gras, 
klaverzuring 
15% 
herderstasjes, 
10% 
paardenbloem
, alles 10 cm 
hoog Ploeglaag hard, weinig OM,  

 80 

50% Grass and 5% 
dandelions, 25% other wild 
grass 

90 

Zelfde vegetatie Als 4001, 
klei aggregaten van tot wel 
10cm, 1 stukje houtskool 1cm 

solomonziel 
5%, 20% mos, 
60% 
bedekking, 
20% gras 

bodemfoto gemaakt. veel 
charcoal remains, grote 
stukken in grote laag. Grote A 
profiel, daaronder duinzand 

100 

Ploughed field with clay 
aggregates and ceramic, 
granite parts . Technosol, 
gerommeld 

95 
 5% kleine minivarens groen 
behaard 

95% 
5% kleine minivarens groen 
behaard 

80% bedekt, 
10% sorbus, 3 
brunes 15cm 
omtrek, 70% 
gras, 15% 
mos 

Afgewezen , geen haard 
gevonden. Bodem humuslaag 
(OM) van A horizont, dan al 
snel op t zand. geen charcoal 
laag. 

 

Elektriciteitsmast in zwarte 
afgegraven kuil 

  
90% bedekt, 
80% gras, 1 
prunes 20 cm 
omtrek. mini 
eik en mini 
esdoorn. 
bedstraw 5% 
some nettels 
5% 

Bij elk kareetje een handvol 
aan charcoal stukjes. maar ze 
waren erg klein zie foto. 
Bodem is dark grey granular 
structure. Op foto toevallig 
wat meer zand,vanwege 
helling 

Dandelions 
10% , tall gras 

Geoxideerde mineralen 
bodem, compact 
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16cm 85%, 
dovenetel 5% 

100  
Jonge 
esdoorn en 
brunes tot 1m, 
sorbus tot 2 
m. Brunes en 
Esdoorn 10%, 
sorbus, 15%, 
70% gras 95% 
bedekt 

Onduidelijke haard, wel 
bevestigd want er zat toch 
genoeg erin. 

80 Gat in duin 

80 Gat in duin 

veldboom 5cm 
omtrek, 
solomon seal 
10%, 10% 
gras, 5% 
jonge esdoorn 
en prunus,   

buitencategorie. heel veel 
charcoal. duidelijk op 
hillshade. Bodembrschrijving: 
veel houtskool al op de 
bodem te vinden, dikke A 
laag met veel OM. Langzame 
overgang naar zand waarin 
nog chatcoal te vinden is. In 
zand (60 cm diep), ook nog 
restjes charcoa 

60  Gat in duin 

90. Tall grass 20cm  
Same veg as 
the rest of 
dune 

 Out of dune a lot of 
dandelions 

40 

4000 tm 4016 fieldcheck in 0 
veranderen. 10 procent elke 
vegetatiesoort. Grass, zuring, 
paarse bloem, tasjes 

80 Gat in duin 

80 Gat in duin 
80%, 30% 
rubus, wood 
anemone 3%, 
nettel 10%, 
wood fern 3%, 
20% moss, 
kleefkruid 3%, 
prunus en 
esdoorn 8% 

Zeer groot RCH. Ook grote 
stukken charcoal veel 
gevonden. Waarschijnlijk 
vaker gebruikt, 19*22m ellips 

Brunes. 30% 
bedekt. Mos 
10%, gras 
10%, De rest 
brunes en 
losse bladen 
en organisxh 
materiaal, en 

Zeer weinig charcoal, maar 
niet genoeg om te weigeren. 
Categorie zeer weinig 
charcoal. Uiteindelijk wel 
goedgekeurd omdat het wel 
wat charcoal bevatte dat niet 
mag worden ontkend. Al snel 
op zand terecht. Geen 
overduidelijke grijze laag 
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nog wat 
dennen 

  

100% 
Niks charcoal. Zanderige 
bodem, geen grijze laag 

  

100%  
Hetzelfde als 
vorige. Iets 
minder mos. 
Nu wel een 
beuk Al snel op zand. Geen RCH 
birch 36 cm + 
30cm omtrek. 
5 dennen in 
ditch 
gemiddeld 
100cm omtrek 10-25cm charcoal layer 
surrounded (in the ditch) by 5 denns, average 
95cm 
100% bedekt. 
40% mos, 
50% gras 10% 
bomen 
(brunes, den) 
en onbekende 
bloem 
(meegenomen
). 

Wel wat charcoal gevonden 
maar deze keer te weinig om 
het goed te keuren. Vaak 
kleine schilfers charcoal. 
0<charcoal<1%. 

surrounded by 5 denns average 110cm 
omtrek 
5%common 
buckwheat, 6 
dennen 81cm 
omtrek dubbele rch.  

100%  

22% 

Samen met Florian en 
Alexander #1. Beginnende 
podzolvorming. Enige vorm 
uitspoeling. Zand 

 

Alexander and Florian #2, 
processed in surrouding 
points  

 

Florian and alexander #3, 
processed in surrounding 
points 5017, 6010 
(OBJECTID_1) 

 

Florian and alexander #4 
processed in surrounding 
points 5016, 6010 
(OBJECTID_1) 

 

Florian and Alexander #5, 
processed in surrounding 
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points 5007, 6011 
(OBJECTID_1)  

 

florian abd alexander #6, 
same as 6012 (OBJECTID_1) 

35%  

80%  

70%  

55%  

50% 
Duidelijke haard, charvoal al 
op bodem gevonden 

  

19% 
Kuil bevindt zich net in de 
haard. 

 

2 kleine stukjes charcoal 
gevonden maar veel te 
weinig. Lijkt een voormalige 
helling te zijn. Ligt ook op een 
slope. Bodem is soms wel 
donker maar komt door t bos.  

 

2 punten dicht naast elkaar. 
Zit een greppel tussen. Dit 
punt bevat twee anna bomen. 

21%  

28% 11x9 m 

25% 

Redelijk wat charcoal 
gevonden. Ook wel redelijke 
grootte. Geen podzolvorming. 
10x8 m  

33% 

Grijze laag, niet hele grote 
stukken kool, maar wel zeker 
genoeg. Kleine RCH. 

 Military objects, no RCH 

  

20% 
Op berg, waarschijnlijk kuil 
gegraven. Veel duinzand 

 is tree  

31%  

11% Mooi zandprofiel 

 other locations see 7004 

  

13% 

three holes with some 
charcoal, only on the high 
ridges. Waldmeiler? 

 Duinzand foto 

 

Zelfde vegetatie als eerste 
punt van Rob en Seda. 
Bodem: dunne A laag met 
weinig OM, duinzand 
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 juste locatie 7008 

5%  

Nu echt een grijze laag ipv 
zand. Veel wortels nog in de 
grond (foto). Charcoal 
genoeg gevonden, maar niet 
heel veel.  

  

  

 

Behoorlijk lange grijze laag 
dan zand. Moeilijk te 
traceren. Kleine RCH. Niet 
veel maar op foto genoeg. 

  

 

at least 10% charcoal pieces, 
.1-5cm long. waldmeiler? 

 

Leek verdacht in het veld. 
Geen rch 

40% 

Bodem zeer kleiig. 
Donkerbruin waarschijnlijk 
geploegd. 

100% 

Snel zanderige bodem. Veel 
wortels tot zo’n 20 cm diep. 
Naast een heuvel vanuit de 
berg. 0 houtskool gevonden 

75%  

50% no charcoal. resin found 

 juiste locatie  

30% 
double rch, 2nd layer 52cm 
(13thick) 

  

60% 

Gekopieerd van vorig jaar 
(2018). In Gis studio. sparse 
on hill top, less sparse on 
ridge of  RCH 

 

good soil profile. First 
brownish layer, sand layer, 
clay/peat below. 

    

  
 Zelfde bodem als punten ten 
oosten van hier 

  ellips form RCH, on a slope 

    

  
 clear black charcoal layer. 
only small pieces of charcoal 

    

   is tree 

  

RCH #2. Rob en Myrthe 
andere object ID. ellips form 
RCH, on a slope 

 60%  
 sparse on hill top, less 
sparse on ridge of  RCH 
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just a hole, maybe dug out 
tree 

  Ap, maar snel op zand 

   is tree 

   tree 

   tree 

   tree 

   tree 

   tree 

   is tree 

  
 tree and verhoging in 
landschap 

 

        

        

        

        

        
 

 


	Abstract
	1       Introduction
	2   Research aims
	The main object of this study is to locate relict charcoal hearths within the assigned study area of Lange Horstberge in Germany. By combining LiDAR data, and eventually by mapping these results into hillshade, slope, aspect and DEMs, it was doable to...
	1. Which soil properties are affected by relict charcoal hearths?
	To answer the first question, the (altered) soil properties are analyzed according to the WRB on field by looking at the soil characteristics (2016) and literature study. Moreover, to answer if the changed soil properties change, a comparison is made ...
	3     Theoretical Framework  The study area is located on and around the dune Lange Horstberge, in Germany. The Brandenburg region has gone through multiple climates. The field area is located in the Baruth Ice-Marginal Valley where ice sheets reached...
	The number of different plant species is included in this research as well. The results can be seen in table 2. On non-relict charcoal hearths areas, we have found two more plant species. But do these results translate into a positive correlation betw...
	6      Discussion
	7      Conclusion
	The goal of this study was to locate and to understand the possible effects of RCHs on soil properties and plant growth in forest ecosystem, while also contributing to more knowledge about the past landscape by contributing to new archeological physic...
	10  Appendices   Appendix A Dutch summary for the general public  Oude houtskoolhaarden (RCHs) werden in de 17e-19e gebruikt voor energieopwekking of om te dienen als ruw materiaal voor ijzerproductie. In dit onderzoek zijn RCHs gedetecteerd door midd...
	Appendix B  Data sources
	Appendix D  Plant data base

