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Abstract 
The landscape of the North of Central Europe was formed by glacial and periglacial processes in the late stages of the Pleistocene. The 
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1. Introduction 

1.1 Research area  
The research area (see Figure 1.) is part of the 

landscape of Central Europe and was formed by 

glacial and periglacial processes in the late stages 

of the Pleistocene. The Baruth Ice-Marginal 

Valley was covered with ice in the Saalian glacial 

period. In the following glacial period, the 

Weichselian, the ice did not extent quite as far to 

the south. As a result, the Baruth Ice-Marginal 

Valley is bordered in the south by the Old Moraine 

landscape formed in the Saalian glacial period and 

in the north by the Young Moraine landscape 

formed during the Weichselian glacial period 

(Cepek, 1965). The moving ice deposited 

considerable quantities of fine loose materials and 

caused deformation of the landscape leaving 

behind different glacial features. The resulting 

meltwater transported these materials into the 

Baruth Ice-Marginal Valley. Aeolian processes 

reigned in the area as the glaciers retreated. The 

cold climate combined with the prevailing wind 

directions and the lack of dense vegetation resulted 

in the development of several dune formations. 

Lastly anthropogenic influences altered the 

landscape. Altogether resulting in a landscape that 

features many sites of geological interest.  

 In the Baruth Ice-Marginal Valley a 

distinction is made between four glacio-fluvial 

terrace levels based on their altitude compared to 

the sea level (Juschus, 2001). These ice-marginal 

valley terrace levels are: The “Oldest Baruther Ice-

Marginal Valley” 75-60m a.s.l., the “Older Baruther Ice-Marginal Valley” 63-55m a.s.l., the “Younger Baruther Ice-Marginal Valley” 

55-50m a.s.l., the “Youngest Baruther Ice-Marginal Valley” which is below 50m a.s.l.. Inland dunes overlay these terrace levels (De 

Boer, 1995). 

 

1.2 Problem statement and current state of research 
The interest in geology and geomorphology of the Baruth Ice-Marginal Valley shows in the extensive research. Not only research 

found as early as 1961 and 1965 by J. Marcinek and A.G. Cepek respectively, but also research throughout the years e.g. de Boer 

(1992-current day) and up to present day e.g. Lüthgens & Böse (2012) accounts to that. Major contributions have been made in the 

dating of ice ages. Discordance persists regarding the correct dating of last ice age and its Brandenburg stages (Hirsch et al., 2017). 

One dating method is the optically stimulated luminescence (OSL) which is discussed by Böse & Lüthgens (2012) as on several 

occasions OSL dating does not align with other measurement practices e.g. radiocarbon dating (Hirsch et al., 2017). For example, the 

Brandenburg stages have been dated approx. 21 to 22 ka (Litt et al., 2007) as well as 24 to 34 ka (Heine et al., 2009). Most likely, the 

determination of the Brandenburg stages, as all other glacial periods, will approach the exact date with the amelioration of technology. 

 The exact contribution of technology is uncertain, however at the time of writing the COVID-19 virus is active. Resulting 

in a major implication on the research namely, the inability to enter the fieldwork area in a geomorphological research. Although 

unfortunate, this might prove insightful as no research exists into the adequacy of digital methods.  

 Within the Baruther Urstromtal there are several villages that are mentioned in the fourteenth century literature. Throughout 

the centuries, different anthropogenic practices altered the landscape significantly e.g. wars and agricultural practices. Disforming the 

landscape leaving behind geomorphological features of whom many are yet to be classified. De Boer (1992) made a small-scale 

geomorphological map of the Baruther Urstromtal. However, a detailed geomorphological map and uniform legend of the entire 

Horstwalde area would contribute to the understanding of the geomorphological features within the area.  

 Ridge and furrow-systems are one of these anthropogenic features that left a distinct mark on the landscape. One of its 

earliest mentions in research was by Linke (1968) who suspects that the ridge and furrow-systems are geologically very young due to 

their relationship with dune formation. However, identification of these systems is mostly physical. LiDAR based techniques may 

offer an external component as a new insight into the identification of these ridge and furrow-systems. These techniques are yet to be 

properly tested, however may prove fruitful in identifying them more thoroughly.  

1.3 Structure 
Within this section a brief overview is given. Firstly, this bachelor research thesis provides background information on several 

important topics in the theoretical framework. Following this theoretical framework, the research questions are presented, and the 

relevance of this paper will be elaborated upon. Afterwards the methodology of this paper is explained in detail. To provide with 

answers to the research questions the results are presented. Consequently, the discussion gives room for interpretation of the results, 

the implications, the limitations, and the recommendations for future research. Within the conclusion three major points are treated: 

the creation of a geomorphological map, the identification of ridge and furrow systems and the trade-offs of conducting digital research.  

Figure 1. Location of the fieldwork area Horstwalde, Germany 



2. Theoretical framework 

2.1 Digital research 
Within this thesis digital research is defined as research that can be conducted without physically entering the field e.g. analyzation of 

maps and literature research and digital contact with experts. Unlike other years fieldwork is concurrently impossible following the 

anti-COVID-19 virus measures. Not performing any fieldwork in a geomorphological research might implicate the process as 

fieldwork is an integral part of the conducted research. Nevertheless, the decision is final as the implications of COVID-19 cannot be 

overseen at the time of writing. Its effects on this research are explained in detail in the next chapter.  

2.2 LiDAR data 
Light Detection And Ranging (LiDAR) is an active remote sensing technology. LiDAR emits a laser and utilizes the product of speed 

of light and elapsed time from emitting until a received response on a sensor to determine the distance to an object (Lim, 2003). LiDAR 

is commonly collected from aircraft, carrier drone or bigger Unmanned Arial Vehicle (UAV). The higher altitude makes for rapid 

collection of datapoints over large areas (Carter et al., 2012). The collected data are highly accurate georeferenced elevation points 

(Knödel et al., 2007) which constitute 3D representations, with x-, y-, z-values, of the Earth’s surface and its features (Carter et al., 

2012). LiDAR can provide both horizontal and vertical information, e.g. detect the earth surface whereas other optical sensors are 

often limited to the horizontal dimension (Lefsky et al., 2001). Low availability and high expenses of LiDAR in the past were reason 

to use imaging sensors rather than LiDAR (Lefsky et al.,2001). With technology improvements and lower expenses and distribution 

methods using LiDAR has become an accessible practice in research. This research’s LiDAR data is accurate up to 0.5m according to 

the attribute table, and can differentiate between first, second, third and last return points. Although, only last return points are utilized 

in this research, first return points resemble the optical sensors in returning the first object encountered. Contrary, last return allows 

the user to see through any vegetation cover or laser penetrable objects. Integrating ArcGIS and LiDAR enables the creation of Digital 

Elevation Model (DEM) maps. These resulting maps are essential in digitally analyzing the geomorphological features of the Baruth 

Ice-Marginal Valley near Horstwalde. 

2.3 Geomorphological map 
For geomorphological research, a geomorphological map is highly useful. It provides the researcher with information in a legible way. 

The largest features on a geomorphological map of a formerly glaciated area in Brandenburg are those resulting from accumulation or 

weathering or erosion processes. The exposure of the research area to these processes in the past has resulted in many geomorphological 

landscape features. These are of great research interest and thus De Boer (1992) created a small-scale geomorphological map to 

ameliorate the understanding of the research area. It should be noted that a geomorphological map is not limited to large 

geomorphological features. Smaller scale features e.g. landscape features that are either forming or deforming the landscape can be 

documented on a geomorphological map. 

However, such a large-scale geomorphological map does not currently exist. The creation of one supports future research 

in the area. To best implement such a map a geomorphological legend is created to include the many features. Within this research a 

proposed division in classes is made for the geomorphological legend to increase legibility.  

2.4 Ridge and furrow-systems  
Ridge and furrow-systems are a product of 

historical land use. A heavy plough 

(Beetpfluges) was pulled by kettle to cultivate 

the land. Due to the weight the plough would 

only be turned at the end of the land. The 

displaced soil from ploughing accumulated in 

the middle of two plough lines constituting the 

legible ridges. Many ridge and furrow-systems 

are recorded in the north western area of the 

Baruther Urstromtal, however, in the south 

western area less identifications have been 

made. Two main reasons exist for the 

difficulty finding ridge and furrow systems. 

Firstly, abandoned ridge and furrow-systems 

were likely afforested or naturally grew back 

(Linke, 1968), obscuring the site for discovery 

by optical sensors. 

The other reason is that erosion 

processes following the process of cultivation 

using the plough would cause sands to 

accumulate in the furrows, likely contributing to the formation and, or prolongation of dune systems. Moreover, ridge and furrow-

systems were found at or below these dune formations. Geological dating would suggest that the dune systems are in fact younger than 

ridge and furrow-systems (Linke, 1968). Hence, the difficulty in the past identifying ridge and furrow-systems.  

  

Figure 2. Illustration of ploughing technique (German: Beetpfluges) leading to 
ridge and furrow-systems (MLUV & NaturSchutzFonds, 2002) 



3. Relevance and research questions 
 

Concurrently it is impossible to conduct fieldwork due to COVID-19. However, this presents a unique and compelling opportunity to 

investigate the adequacy of long-distance research e.g. research excluding physical fieldwork. Five other researchers are involved in 

this project, each with their own specific research field. Amid the research the pro et contra (pros and cons) of digital research should 

become apparent. Should a similar situation occur in which fieldwork cannot be conducted then the research following from six papers 

can be used to determine the possibilities regarding long-distance research. To sufficiently test the adequacy of long-distance research 

and due to research interest two main fields of focus are chosen for this research. The fields of focus for this thesis are the construction 

of a geomorphological map and identification of ridge and furrow-systems. 

Firstly, literature and maps and LiDAR data are analysed to construct a geomorphological map of the research area. We are 

pioneering in this field, as the geomorphological map of this area that exists is mapped on a 1:10.000 scale for the area of Luckenwalde 

and Golßen (de Boer, 1992). Therefore, there is significant scientific relevance. One of the main sources is a legend made in 1987 

(Frank, 1987). In this documentation an extensive legend is used which is used as a reference to best incorporate all aspects.   

Secondly, the research area shows signs of ridge and furrow-systems, a product of historical land use. Ridge and furrow-

systems are described in literature (de Boer, 2015). However, the occurrence and frequency of these ridge and furrow-systems in the 

research area can be elaborated upon. Specifically, considering technology developments in LiDAR. It is conceived possible to 

document the key characteristics of a confirmed ridge and furrow-system to cross-reference them using ArcGIS with a potential ridge 

and furrow-system. Thus, the research focusses on methods of identification of ridge and furrow-systems for the future. With the 

following research question: 

 

What are the trade-offs when conducting digital research to create a geomorphological map of the research area and a ridge 

and furrow-systems identification guide? 

 

E.g. this research will research the pros and cons of digital research by fulfilling and contributing to the creation of geomorphological 

map and cross-referencing a potential ridge and furrow-system. To answer this question the following sub-questions have been 

formulated: 

1. What are the trade-offs of conducting digital research? 

The trade-offs are determined by researching the main aims. During the analyzation of maps and literature research and digital contact 

with experts’ limitations may become apparent. These limitations form the core of the cons. The validated results that stern from the 

research aims provide the pros of conducting digital research. The result is not a scientific fact, it is merely an outcome resulting from 

this research which may not apply to all scientific research. However, in future research endeavors the results presented in this thesis 

may indicate the possibilities and limitations should one conduct similar digital research. 

2. How to create a geomorphological map of the research area by using digital research?  

The creation of a geomorphological map and legend assist concurrent and future research efforts. The legend is to feature all macro-, 

meso- and micro-features recorded in the digital fieldwork area. The resulting geomorphological map is to be legible and easy to 

understand. The format of this legend endorses future addition as to continuously elaborate existing knowledge. Hopefully, the easy 

accessibility of the geomorphological map will create an influx of interest to this area with its distinct geological and geomorphological 

features. As the area with its complex dunes should be protected as geotope as advocated by De Boer (2001). 

3. Is it possible to identify ridge and furrow-systems using digital research? 

The identification of ridge and furrow-systems cross-references a confirmed ridge and furrow-system in the area with a potential ridge 

and furrow-systems. Their main resemblances and differences are reported. Furthermore, the ridge and furrow-system’ aspects will be 

documented for future research using ArcGIS. Although there are documentations on these systems concurrent knowledge is limited 

and research using the latest technology is seen as an excellent starting point for future research endeavours. By documenting its 

legibility using the latest technology and main features from a confirmed ridge and furrow-system it is expected that a significant 

contribution can be made.  



4. Methods 

4.1 Materials 
The required materials to conduct this 

digital geomorphological research 

consist of firstly a computer to download, 

run, render, modify maps in ArcGIS. The 

49 LiDAR data tiles which are depicted 

in Figure 3. To store the data resulting 

from map modifications and LiDAR at 

least 100 gigabytes of data storage is 

recommended.  Lastly, a digital 

communication platform is required to 

hold conference calls with multiple 

contacts. 

4.2 Preprocessing 
The LiDAR files as described under 

materials require preprocessing. These 

materials are bought from 

Landesvermessung Und 

Geobasisinformation Brandenburg and 

contains LiDAR data with x, y, z-values 

received in a .txt format. A total of 49 

LiDAR tiles are purchased of which at 

least 40 are used in this research, 5 for 

each research partner and 10 to 15 for post-

application to verify the geomorphological 

legend. Each LiDAR tile has a surface of 

two-kilometer by two-kilometer.  

To efficiently work with the acquired LiDAR data four training courses are to be followed. These courses prepare for the 

modification processes in this research. These courses are offered by the Environmental systems research institute (Esri). Firstly, 

Managing Lidar Data Using LAS Datasets to teach how to create, visualize and check LiDAR points in 2D and 3D (Esri, nd.). Secondly, 

Managing Lidar Data Using Terrain Datasets to properly create terrain datasets with correct display properties and rendering. 

Additionally, in this course the generation of a DEM from a terrain dataset is explained (Esri, nd.). Thirdly, Managing Lidar Data 

Using Mosaic Datasets which focusses on creation of mosaic datasets for LiDAR which enhance the display speed and on the fly 

processing (Esri, nd). Fourthly, Working with LiDAR data in ArcGIS Pro, which emphasized the applicability of acquired skills in a 

new environment of ArcGIS Pro version. Through geoprocessing of LiDAR data, a DEM is to be created. This DEM is a raster file 

and can be modified through raster functions to create a multitude of maps. Most important for this research are hillshade, slope and 

aspect maps. These maps together with existing maps form the core in the evaluation and identification of geomorphological features. 

4.3 Literature research on geomorphological features 
Many different geomorphological features can be determined by analyzing the area of Brandenburg. As such prior research on the 

topic exists. Main data sources are the geomorphological legend as created by Frank (1987) which comprises all major categories of 

the landscape. These categories are used to determine and elaborate the categories on the new geomorphological map legend. 

Moreover, research in the past years distinguished three main classes to create a clear and concise overview of the area (Post, 2015). 

These are macro-, meso- and micro class. Evaluating the research done in the past few years combined with the existing 

geomorphological maps may prove useful in deriving a complete and accurate geomorphological map for the fieldwork area.  

4.4 Literature research on ridge and furrow-systems 
Ridge and furrow-systems are known for their typical shape, resulting from historical agricultural practices. It would be useful to 

research the current state of ridge and furrow-system identification in the Brandenburg area to... Moreover, there are several processes 

that might distort the finding of ridge and furrow-systems. For that reason, it would be useful to determine which processes obscure 

the ridge and furrow-systems and challenge the legibility. Moreover, documentation on ridge and furrow-systems in the past and their 

characteristics would prove beneficial in recognizing them in the fieldwork area using LiDAR.  

4.5 Geomorphological determination 
The geomorphological features are determined by evaluation of existing geological and geomorphological maps and LiDAR data. The 

reliability of landscape feature mapping is explained by Geskus (2020). To create a clear and concise map several classes are to be 

defined by order of magnitude. These classes and their subclasses appear in a geomorphological legend. From this legend 

identifications can be made in the fieldwork area. The identifications are to be mapped with corresponding symbology in a with LiDAR 

created ArcGIS map as formulated by Schadee (2020). Each research partner is to map five consecutive north to south LiDAR tiles 

which together form the complete geomorphological map. 

The area is also well known for its many relict charcoal hearts, dating back from the seventeenth century to the mid-nineteenth 

century (Raab et al., 2015). Charcoal burning was a common practice to supply the energy consumption of the pre-industrial times as 

the energy production resulting from charring is higher than simply burning wood (Hirsh et al., 2017). To suffice in the ironwork 

demand large parts of the Jänschwalde and Tauer forests were cut (Raab et al, 2015). The distinct shape of charcoal burning places is 

often described as a kiln. As a distinct black circle is found in the soil from remainder of charcoal. 

 

  

Figure 3. Location of the research area and the 49-LiDAR tiles, the city of Berlin is 
added for reference. Personal strip is highlighted in yellow 



4.6 Ridge and furrow-system identification 

In the beginning of the eighteenth century many abandoned ridge and furrow-system fields were afforested or vegetation naturally 

grew back (Linke, 1968) compromising the usage of optical sensors as described before to locate these ridge and furrow-systems. 

LiDAR can find these characteristic systems in the field by using last return points. 

The confirmed ridge and furrow-system (de Boer, 2015) serves as reference material for the area. As no other major research 

identifications are made for ridge and furrow-systems in this area the following identification method is proposed to contribute to 

knowledge of ridge and furrow-systems in the area. A tree diagram is used to map all the potential ridge and furrow-systems, within 

this diagram three phases are distinguished. 

i) Primary Identification phase 

ii) Secondary Identification Phase (periodically) 

iii) Tertiary Identification Phase (oscillations)  

At the time of writing no physical confirmation can be obtained of any of the areas except the recording that has been confirmed 

to be a ridge and furrow system. In the first phase, all locations that are considered potential ridge and furrow systems are recorded. 

For reproduction, their x-and y-coordinates are stored within a database. The main identifier in this phase is visual determination from 

DEM altered maps in ArcGIS. Landscape features that show signs of ridge and furrow features are considered and have their locations 

recorded (appendix 10.4) 

In the second phase all the recorded x-and y-coordinates have their profiles drawn on the finest setting. This is of higher resolution 

than 10m. The profile lines are drawn perpendicular on the supposed ridge and furrow features and avoid obstacles visible in the 

landscape. In this phase the oscillation period is considered, and the direction of the potential ridge and furrow-system is recorded.  

In the last phase the oscillation is considered. Oscillations of ridge and furrow-systems in the reference system are a maximum 

of several decimeters (de Boer, 2015). However, no systems are to be ruled out at this point as potential ridge and furrow-systems may 

have been damaged or otherwise obscured. At this point it is important to gain physical affirmation or refutation. The result from these 

three phases are four ridge and furrow-system classes based on likelihood.  

a) Extremely unlikely to be a ridge and furrow-system, these are the unidentified points and points not recorded as they do not 

show signs of ridge and furrows on DEM altered maps. (phase 1 denied) 

b) Very unlikely to be a ridge and furrow system, the systems within this class do have their locations recorded, as they showed 

signs of ridge and furrow-systems. However, upon creating a profile did not match the desired oscillations. (phase 2 denied) 

c) Unlikely to be a ridge and furrow system. Within this class are the systems that showed signs of ridge and furrow-systems 

both in DEM altered maps as well as similarities to the oscillations of the reference model. (phase 3 denied) 

d) Likely to be a ridge and furrow system, these systems show signs of the beforementioned aspects. However, unlike group 

C they do not exceed the oscillation height and comply with all set parameters. (phase 3 accepted) 

 

 

 

Figure 4. Tree diagram for likelihood identification of potential ridge and furrow-systems. 

  

Third 
phase

Second 
phase

First 
phase 

Area within the field area of 
Brandenburg, Germany.

Shows no signs of ridge and 
furrow-system patterns on 

visual modifications made to 
DEM or topographical maps.

Group A

Shows signs of ridge and 
furrow-system patterns on 

visual modifications made to 
DEM or topographical maps.

Oscillation pattern repeats 
considerably more often or 

exceeds height profile 
considerably of a confirmed 

ridge and furrow-system

Group B

Oscillation pattern aligns with 
the confirmed ridge and 

furrow-system

The height of oscillations 
does not approach 15cm or 

100m in length
Group C

The height of oscillations 
approaches 15cm and the 

pattern 100m in length
Group D



5. Results 

5.1 Literature research geomorphological features 
A multitude of maps of the Baruth-Ice Marginal Valley exist. Several of these maps, especially topographical maps, are created by the 

GDR army. It is important to realize that these maps are very accurate, in contrast with the topographical maps for the common people 

(AV = Ausgabe für die Volkswirtschaft), which might be inaccurate on purpose in case the maps fell into enemy hands. Furthermore, 

the ‘Lithofazies Karte Quartär’ (LKQ), a physical map of the area from the ninety-seventies, exists (Cepek et al., 1970-1973). De Boer 

then later digitized and georeferenced this map and made it accessible. De Boer is also responsible for the only other small-scale 

geomorphological map that exists. It is part of his dissertation (de Boer, 1992). Recent research endeavors at the University of 

Amsterdam succeeded in mapping several geomorphological features divided in macro-, meso, microlevel.  

As prior research cannot be reaffirmed due to COVID-19 the past documentations are assumed valid with uncertainty and 

serve as the starting point of the research. By finding, georeferencing and then utilizing the digitally available maps within ArcGIS a 

geomorphological map can be constructed with a complete legend. Future research would do well to validate the geomorphological 

map and legend to determine how effective their creation was utilizing solely digitally available material.  

5.2 Literature research ridge and furrow-systems 
Literature regarding the ridge and furrow-systems indicates that 

ridge and furrow-systems are a product of historical land use and 

are dated to stem from the high middle ages to 1800s (de Boer, 

2015). These landforms were generated using moldboard 

ploughing (Beetpfluges) which was precedented using the hook 

plough from the Slavic Period. These predecessors were made 

from a strong branch fork (Langengrassauer Haken) and used 

throughout the eleventh to twelfth centuries. Archeological 

findings report that their use decreased as the moldboard plough 

was practiced more (Raab et al., 2016). These ploughs would 

shear off humic topsoil and turn them over to the side. The 

accumulation of soil on the side generates the characteristic ridge 

and furrow fields such as those in the Jänschwalde opencast mine, 

Germany, under the forest (Raab et al., 2016). Documentation in 

the Brandenburg area is focused in the northwestern part, 

Ostprignitz (Figure 5.) and the southeastern part of Brandenburg 

(Schmidt, 2005). One reported ridge and furrow-system near the 

German village of Schöbendorf is 10-15m in width with height 

averaging 10-30cm and a measured length of several hundred 

meters (Boer, 2015). This ridge and furrow pattern is repeated 

several times next to each other (Figure 6.). The documentation 

of ridge and furrow-systems in the area is limited which might indicate that they 

are absent, ploughed away, difficult to find or little researched. Another deduction 

is made from the ridge and furrow-system illustration in De Boer (2015, Abbildung 

5) and Linke (1968) that ridge and furrow systems were located near dunes 

plausibly to shield the agricultural fields from wind erosion. This is not verified, 

and more research would prove insightful, such as research done by a partner on 

the formation of dunes near Schöbendorf and Stülpe (Zuidervaart, 2020). Wind 

erosion might result from overuse or not adapted agricultural practice, temporal 

edaphic drought, less vegetation, or wind breaks and weather anomalies with high 

wind speeds (Raab et al., 2014). Raab continues to describe the help of Airborne 

Laser Scanning to identify ridge and furrow-systems under forest canopy. As a map 

like Figure 5. does not exist for the fieldwork area it would prove insightful to 

evaluate the area using LiDAR.  
 

  

Figure 5. Distribution of ridge and furrow-systems in the 
northwestern part of Brandenburg, Germany (Wulf, 2001) 

Figure 6. Illustrating the distinct ridge and 
furrows 



5.3 Geomorphological determination of the collective map 
The proposed geomorphological map was created utilizing the acquired LiDAR data and the geomorphological legend created by 

Frank (1987). In consultation with the research partners a legend was created and appropriate symbology was allocated (Schadee, 

2020). By evaluating the features that were found in the research area it was possible to determine what features were of appropriate 

magnitude for each defined class. These defined classes are noted by diminishing order of magnitude. Firstly, macro class features 

hold the largest features and contain all the landform features that ascend the entirety of the map or appear in large areas. Macro 

features are generally defined as up to several kilometers in length. Secondly, meso class features are slightly smaller features and are 

defined as hundred meters in length up to a kilometer. Lastly, the micro features are at most one hundred meters in length.  

 For each class, a separate map was created for legibility besides a complete map featuring macro as well as meso and micro 

features. The complete map is depicted below in Figure 7. The legend can be found in appendix 10.4  

1. Macro class features: 

The macro class features the (a) areas of geomorphological processes, which define the large processes that took place to shape the 

area e.g. aeolian and glacial processes. The (b) surface material is mostly sand with exceptions in swampy areas with peat. (c) The 

slope angles and (d) slope curves are major landforms that are key to understand and read the landscape of the research area. (e) 

Layering and thickness of the loose substrates cannot be done digitally as physical measurements are required thus, they are left out.  

 

2. Meso class features 

The meso class features the (f) hydrography of the area. Different types of hydrography features are defined. Within the research area 

some larger hydrography features such as lakes can be found e.g. the Holbecker See. However, as many smaller villages and 

agricultural lands are plentiful throughout the fieldwork area many artificial drainageways exist. Besides these, perennial streams and 

lakes can also be found. Within subclass (g) valleys and drainageways the defined shape can be found. There are several different 

shapes e.g. flat and v-shaped and saucer form. (h) Steps and breaks of slope are not depicted in the final map as it was impossible to 

create these accurately. Similar lines can be drawn using the contour function within ArcGIS. To visualize (i) bedding characteristics 

of unconsolidated materials visual confirmation is necessary, hence they are left out.  

 

3. Micro class features 

Micro class features form the smallest most detailed landform features in the area. These features are several meters to 100 meters 

long and include (j) forms and process tracks e.g. sand-wedge polygons and erratic boulders. (k) Micro landforms such as pingo ruins 

left behind and earth dams or walls. These landforms are the smallest and not always as discernible.  

Contrarily, (l) military features are often quite discernible by distinctive shapes (De Nobel, 2020). Moreover, they are well 

recorded and mentioned elsewhere. Examples include fire trenches or military structures. Another distinct landscape feature is (m) 

relict charcoal hearts (A. Schneider, personal e-mail communication to W.M. de Boer, April 16, 2018). As the (n) geomorphological 

processes under micro class are an active process it would be a digital estimation without physical confirmation. Hence, they are left 

out. Lastly, (o) supplementary information are noteworthy areas on the map that cannot be appointed to another class such as sand pits 

and rubbish dumps.  

  

Figure 7. Geomorphological map of the fieldwork area featuring macro- meso- and microclass features. 



5.4 Geomorphological determination of the personal strip 
This chapter focusses on the personal geomorphological strip features and 

consists of LiDAR tiles 15 to 19. In the south the glacial end moraine can be 

identified. Northern of the end moraine area fluvioglacial deposits are found. 

Intermittently dune formations are found in the area. On top of the 

geomorphological processes dotted shading symbology is added to depict the 

surface material. The surface materials are mostly sand with areas featuring 

peat formations and glacial till. Moreover, villages and buildings are identified 

in the macro class. The villages of Schönefeld and Stülpe are in tiles 16 and 

18 respectively. 

The meso features on the map show valleys and drainageways and 

hydrography present in the area. Several lakes can be found in the research 

area, however none in these tiles. Around villages and cities mostly perennial 

artificial drainageways are found. Similar types of valleys and drainageways 

are separated by width through symbology. 

Military features are an abundant micro feature in the area. Most 

notable are the many fire trenches and foxholes which are described in more 

detail by de Nobel (2020) & Romar (2020). In the northern area of the research 

area lie the remains of Kummersdorf, a military base. Other micro features 

include kettles and alluvial fans. In tile 16 the railway passing through 

Schönefeld can be found which was part of the Royal Prussian Military 

Railway. Lastly many (suspected-)relict charcoal hearts are found in tile 15. 

Additionally, by drawing a profile graph of the area the four terrace 

levels as described by Juschus (2001) can digitally be confirmed for the area: 

a. Oldest Baruther Ice-Marginal Valley, 75-60m a.s.l. 

b. Older Baruther Ice-Marginal Valley 63-55m a.s.l. 

c. Younger Baruther Ice-Marginal Valley 55-50m a.s.l. 

d. Youngest Baruther Ice-Marginal Valley below 50m a.s.l. 

 

 

 
 
 
 
 
  

Figure 9. Digital confirmation of Juschus (2001) four terrace findings by using LiDAR tiles 15, 16, 17, 18, 19 drawing a profile from 

south to north. Distances are in meters. 

Figure 8. Macro-, meso- and micro class features. 
Featuring LiDAR tiles 15,16,17,18,19. 

Macro class Meso class Micro class 



 

5.5 Ridge and furrow-system identification 
For the entirety of the research area, DEM alterations and topographical maps were considered to identify any potential ridge and 

furrow-systems. As previously described all points that do not belong to group A have their x, y-coordinates recorded for 

reproducibility and future research endeavors (see appendix 10.6),  hence why group A is not represented within the table as these are 

the remaining points. In total 64 points had their locations recorded. Within the second phase these isolated points had a perpendicular 

profile drawn to identify any apparent oscillations. If the oscillations periods were smaller than 5m on average this data point was 

added to group B. If the point was similar enough but the observed pattern was shorter than the proposed 100 meters or the oscillation 

height did not approach 15cm on average the observed point was added to group C. If length and height are both appropriate the system 

is added to group D. The results are visualized in appendix 10.8. To illustrate the differences on a map-scale level the three recorded 

classes are depicted in appendix 10.7 to illustrate visual differences.  

5.6 Ridge and furrow-system map 
By integrating the class-system for ridge and furrow-systems it is possible to constitute a new map of the Horstwalde area featuring 

the different potential ridge and furrow-system classes (Figure 10.). For legibility purposes each class will feature its own color. It 

becomes apparent that many systems that show signs of ridge and furrow-systems lie within the lower areas of the Horstwalde. 

However, these are also areas of modern-day agriculture which cause ridge and furrow patterns to a degree. Physical fieldwork will 

have to determine to what extent these findings are in fact ridge and furrow-systems or modern-day agricultural effects on the 

landscape.  

 

  

Figure 10. Potential Ridge and furrow-systems in the research area. Classified by color following the identification method. 

Red: class B, Green: class C, Orange: class D. 
 



6. Discussion 

6.1 Relevance of results 
The results are appropriate in answering the sub-questions of the research question. Although the found results within this research are 

partially based on digital data and data collected in prior years. Only prior research data that was able to be verified is included as 

otherwise this potentially results in doubly faulted research. By combining these results with the pros and cons of conducting digital 

research of which an elaboration is given below, it is possible to answer the research question in the conclusion: 

 

What are the trade-offs when conducting digital research to create a geomorphological map of the Horstwalde, Germany 

and a ridge and furrow-systems identification guide? 

 

6.2 Trade-offs of conducting digital research  
As mentioned within the relevance and research questions this research was proposed to include fieldwork, however, due to COVID-

19 this was not possible. This section will further elaborate on the advantages and disadvantages of conducting digital research in the 

Horstwalde, Germany, fieldwork area that became apparent in this research and in research of five partners. 

 

Conducting digital research showed many possibilities in preprocessing. Should research be conducted over a longer period it might 

be beneficial to prolong the preprocessing phase. Ample preliminary work is required to conduct fruitful fieldwork. Entering the field 

at short notice would have opted in a different research topic. After more time was spend digitally researching the area it became clear 

what measurements were required from eventual fieldwork. Detrimental fieldwork practices in these types of research are likely to 

become an active practice again. If not, others in the area with ample experience can communicate their findings e.g. photographs or 

samples. In the meantime, digital research can be conducted and although this specific research was done over a small timespan, 

conclusions were made on graphs and patterns in the fieldwork area without physical fieldwork.  

This can be ascribed to the improvement of technology, as the majority of ridge and furrow-system information comes from 

LiDAR and was potentially identified easier digitally than in the field. Although recorded by an aircraft this could also be done by a 

local using a drone given the individual has enough experience and can make clear documentation of the area. Moreover, the 

importance reproducibility and documentation of science in all fields cannot be underestimated. Vast documentation of the 

Brandenburg area has been of tremendous aid to conduct research.  

Throughout researching ridge and furrow-systems digitally it became apparent that it was possible to identify these systems 

by using generated hillshade maps as a confirmed system was visible on the imagery. As the amount of confirmed ridge and furrow-

systems in the area is limited, it is difficult to determine to what degree the hillshade pattern and a profile graph lengths and oscillations 

suffice in differentiating ridge and furrow-systems from other landscape features. Nonetheless, class identification utilized in this 

research is based on ridge and furrow-system parameters and distinct differences were found. Unfortunately, due to a low amount of 

confirmed systems it is difficult to determine the validity of these parameters. Therefore, it would be necessary to verify the class 

identification system for future research and determine whether group D holds ridge and furrow-systems.  

Although research possibilities within the fieldwork area through digital research are still available. Digital research is prone 

to error which is why it is advised to physically confirm results. More importantly error also stems from the inability to verify prior 

physical research should the researcher choose to use it. Simply put it is possible to conclude your findings, however it is not clear 

how viable these results are without any physical confirmation.  

Concluding, the opportunities to conduct digital fieldwork are available, whether it is in preliminary work or research that 

can be executed distantly, due to the availability of data. The trade-off is twofold, firstly the inability to verify data that is used to 

conduct your research. This may result in faulted research. Secondly the inability to affirm research results. However, this can be 

countered by practices such as LiDAR although not error-proof, they measure the earth’ soil and are considered valid to a certain 

resolution.  



7. Conclusion 
These conclusions are based on the availability research digitally and the determination that stems from analyzation of digital maps. 

The latter is prone to assumptions and so the results require affirmation. 

7.1 Creating a geomorphological map by digital research 
Literature research provided sufficient data to create the geomorphological map of the Horstwalde, Germany fieldwork area. Firstly, 

an elaborate legend was created to best assist in future research and reproducibility. To optimize structure within the legend three 

classes were created: macro-, meso- and micro class. Subclasses were created and their feature parameters defined. ArcGIS was then 

used to draw these features and determine appropriate symbology. The result is a well-structured elaborate legend and 

geomorphological map of the Horstwalde, Germany fieldwork area.  

7.2 Identification of ridge and furrow-systems 
Literature research revealed that many ridge and furrow-systems exist in the Brandenburg area. Created by agricultural plough systems 

from the high middle ages to the 1800s. Many of these systems in the north western have been identified in the past. The south eastern 

Brandenburg area ridge and furrow-systems are relatively undiscovered. The identification of ridge and furrow-systems within this 

research consists of different aspects. Firstly, it was determined that LiDAR technology makes recognition of these systems possible 

in ArcGIS map alterations. Secondly, the determination of parameters for these ridge and furrow-systems. Thirdly the analyzation of 

profile graphs to cross-reference between potential ridge and furrow-systems and a confirmed ridge and furrow-system. 

7.3 Trade-offs of conducting digital research 
The main purpose of this research thesis was to identify the trade-offs of digital research by researching the possibilities of creating a 

digital geomorphological map and identifying ridge and furrow-systems. The main findings are that scientific research documentation 

is adequate to conduct digital research within the area. However, it should be noted that research topics are to be adjusted to comply 

with the inability to conduct fieldwork and to gain visual confirmation. Therefore, a longer preliminary work period is to precede 

research to determine feasibility of proposed research. Negatives include the error margins that stem from digital programs, 

assumptions, and the inability to verify prior findings. Statistical programs have a base error, however other data sources such as 

LiDAR data or maps that are used in ArcGIS might increase the error margin. In creating a geomorphological map, assumptions are 

introduced as geomorphological features are drawn by hand and deducted from plausibly faulted maps. This increases the error margin. 

These faulted maps exist as the inability of fieldwork prevents verification.  

  



8. Evaluation 

8.1 Contribution to current research  
Current research efforts in the Brandenburg area focus mainly on the identification of major geomorphological processes. Detailed 

studies are scarcer. Lack of ridge and furrow-systems identifiers in research leads to believe that most identification is done in person. 

This thesis provides an overview of the current state of research in ridge and furrow-systems and assesses potential ridge and furrow-

systems. Moreover, a large-scale geomorphological map was created to create better understanding of the research area. Hopefully 

more influx of research will come to be as data is now more accessible. Truly, this area is of great research value. 

8.2 Recommendations  
As fieldwork is currently impossible, it is essential to verify the findings within this thesis to increase the validity. Proposed is that the 

identified ridge and furrow-systems within groups C and D are verified in the field.  Firstly, affirm the data gathered from digital 

evaluation. Secondly, physically evaluate the profile section to determine whether groups C and D are representative for ridge and 

furrow-systems. Lastly, adjust the digital identification method, if necessary, to enable digital identification of ridge and furrow-

systems in the future. 

Finally, if digital identification of ridge and furrow-systems is accurate researching the complex interaction between ridge and 

furrow-system sand accumulation within its furrows and the dune origin would be useful in determining the age of dune systems.  
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10. Appendices 
 

10.1 List of abbreviations 
a.s.l. - above sea level 

DEM - Digital Elevation Model 

OSL - optically stimulated luminescence 

LiDAR - Light Detection And Ranging 

UAV - Unmanned Arial Vehicle  

10.2 Data sources 

Source Date Dataset Scale 

Boer, W.M de, 
(1995) 1992 

Geomorphological map of the 
area Luckenwalde and Golssen 1:50.000 

Geobasis 
Brandenbrug 2018 

Topographic map of 
Brandenburg 1:10.000 

Geobasis 
Brandenbrug 2019 

Digital orthophotos of 
Brandenburg 1:5.000 

Geobasis 
Brandenbrug 2019 

Colour-infrared imagery of 
Brandenburg 1:5.000 

Geobasis 
Brandenbrug 2016 Blattschnitte 

Raster data as 
individual content 
layers up to 508dpi 

Inspire 
Brandenburg 2015 

Soil and substrate map of 
Brandenburg 1:300.000 

University of 
Amsterdam 
Geoportal 1989 

Military topographic map 
Paplitz 1:25.000 

University of 
Amsterdam 
Geoportal 1989 

Military topographic map 
Stuelpe 1:25.000 

University of 
Amsterdam 
Geoportal 

Produced in 2011 
acquired in 2014 (20 
tiles) and 2016 (29 tiles) LiDAR files (last return) Accurate up to 0.5m 

University of 
Amsterdam 
Geoportal 1980 

Geomorphological map of 
Saalien and Weichselian ice-
ages in middle Europe 1:1.000.000 

University of 
Amsterdam 
Geoportal 2004 Geology map Teltow-Fläming 1:100.000 

University of 
Amsterdam 
Geoportal 1997 Geology map Brandenburg 1:300.000 

University of 
Amsterdam 
Geoportal 1922 

Geology map Preussen-
Luckenwalde 1:25.000 

 

  



10.3 Geomorphological map 

  



10.4 Geomorphological map legend 

 
  



10.5 Ridge and furrow-systems map 
 

 
 



10.6 Ridge and furrow-system parameters 

Ridge and 
furrow-
system 
number 

Tile 
numbe
r 

X-
coordinate 
of the 
middle field 

Y-coordinate of 
the middle field 

Direction of the 
ridge and 
furrow feature 

Length 
(m) 

Grou
p 

1 3 378.463,12E 5.775.011,75N SSW-NNE 560 C 

2 5 380.670,19E 5.773.650,55N WSW-ENE 850 B 

3 5 381.645,64E 5.773.514,59N SSW-NNE 340 C 

4 6 380.863,92E 5.771.808,41N S-N 500 C 

5 7 381.213,99E 5.769.018,03N Multi-directional 425 B 

6 7 381.001,57E 5.768.560,89N WNW-ESE 550 C 

7 8 380.967,05E 5.767.537,12N WNW-ESE 975 C 

8 8 381.713,19E 5.767.040,58N S-N 625 B 

9 9 380.821,01E 5.765.967,85N S-N 1300 B 

10 10 382.887,88E 5.773.951,34N WNW-ESE 250 D 

11 10 383.384,10E 5.773.392,24N S-N 1800 C 

12 11 382.347,80E 5.771.116,45N SSW-NNE 1300 B 

13 11 382.055,19E 5.770.800,68N SSW-NNE 1000 C 

14 12 382.802,92E 5.768.056,18N S-N 240 B 

15 13 383.773,33E 5.766.773,42N S-N 760 B 

16 15 384.114,84E 5.773.859,57N W-E 450 C 

17 15 384.203,21E 5.773.159,42N S-N 600 B 

18 16 384.556,68E 5.771.728,54N SSW-NNE 1500 B 

19 18 384.393,27E 5.767.019,21N WNW-ESE 425 C 

20 19 385.476,04E 5.765.892,86N S-N 1800 B 

21 21 387.301,18E 5.771.985,15N SSE-NNW 2000 B 

22 21 386.653,72E 5.771.262,91N Multi-directional 800 D 

23 21 387.749,82E 5.771.538,21N S-N 680 B 

24 23 387.350,36E 5.766.676,81N W-E 700 C 

25 23 387.748,65E 5.766.663,53N S-N 650 B 

26 23 386.683,88E 5.766.217,45N S-N 1600 B 

27 25 388.531,53E 5.773.105,04N SSW-NNE 240 C 

28 25 388,932,59E 5,772,263,85N WSW-ENE 140 C 

29 25 389.255,47E 5.772.364,11N NNW-SSE 380 B 

30 28 388.416,32E 5.767.022,48N S-N 320 C 

31 30 390.237,71E 5.773.742,31N Multi-directional 240 D 

32 30 391.872,72E 5.773.791,73N WNW-ESE 380 D 

33 32 391.318,05E 5.768.722,40N SSW-NNE 650 D 

34 33 390.912,37E 5.767.308,45N S-N 2000 B 

35 34 391.976,05E 5.765.149,62N SSW-NNE 600 B 

36 35 392.031,51E 5.773.673,18N SSW-NNE 180 C 

37 35 392.268.61E 5.772.859,65N W-E 220 D 

38 36 392.030,56E 5.771.349,14N S-N 400 B 

39 37 393.762,23E 5.768.650,96N SSW-NNE 180 B 

40 38 392.848,31E 5.767.295,47N WSW-ENE 120 C 

41 40 394.793,12E 5.773.445,13N SW-NE 1600 C 



42 40 395.637,50E 5.772.606,06N Multi-directional 250 C 

43 22 387,540,03E 5.769.073,48N W-E 1100 C 

44 12 383,937,07E 5.769.682,63N WNW-ESE 1400 B 

45 6 381.785,38E 5.770.165,81N WNW-ESE 525 B 

46 12 382.178,86E 5.769.431,86N SW-NE 600 B 

47 12 383.756,21E 5.768.706,38N WNW-ESE 2400 B 

48 17 385.771,29E 5.769.418,40N WNW-ESE 900 B 

49 22 387.247,07E 5.769.501,51N W-E 2200 B 

50 22 387.179,51E 5.768.502,05N W-E 2400 B 

51 27 389.311,67E 5.768.841,43N NEN-SWS 2000 B 

52 23 387.690,11E 5.767.424,50N WNW-ESE 875 B 

53 27 388.954,16E 5.768.024,18N NW-SE 380 B 

54 27 389.251,88E 5.768.103,34N SSW-NNE 280 B 

55 27 389.423,78E 5.768.069,51N NW-SE 340 B 

56 28 389.280,99E 5.767.821,52N NW-SE 450 B 

57 37 392.690,28E 5.769.301,90N NW-SE 950 B 

58 42 394.823,22E 5.768.788,47N NEN-SWS 400 B 

59 42 395.886,05E 5.769.199,78N NNW-SSE 650 B 

60 26 389.113,35E 5.771.217,42N NNW-SSE 625 B 

61 21 386.822,59E 5.770.722,01N W-E 1200 B 

62 31 390.492,59E 5.771.095,20N WSW-ENE 650 C 

63 31 391.784,83E 5.770.932,11N NNW-SSE 280 B 

64 16 385.629,77E 5.770.541,58N S-N 1600 B 
 

 



10.7 Illustrative ridge and furrow-system classes 
 

   
 

  
  

Figure 11. Visualization of group B potential ridge and furrow-systems number 48. Featuring hillshade (I), aspect (II), DEM (III), 
digital orthophoto (IV) and profile graph (V), elevation and horizontal distance are in meters.   

   

  
 

 

 
 

 

 

 

 

 

Figure 12. Visualization of group C potential ridge and furrow-systems number 6. Featuring hillshade (I), aspect (II), DEM (III), 
digital orthophoto (IV) and profile graph (V), elevation and horizontal distance are in meters.  



 

   

 

 

 

 

 

 

 

 

 

 

 

  

Figure 13. Visualization of group D potential ridge and furrow-systems number 33. Featuring hillshade (I), aspect (II), 
DEM (III), digital orthophoto (IV) and profile graph (V), elevation and horizontal distance are in meters. 



10.8 Profile graphs potential ridge and furrow-systems 
 

 

Potential ridge and furrow profile 1. Height and length in meters 

 

Potential ridge and furrow profile 2. Height and length in meters 

 

Potential ridge and furrow profile 3. Height and length in meters 



 

Potential ridge and furrow profile 4. Height and length in meters 

 

 

Potential ridge and furrow profile 5. Height and length in meters 

 

Potential ridge and furrow profile 6. Height and length in meters 



 

Potential ridge and furrow profile 7. Height and length in meters 

 

Potential ridge and furrow profile 8. Height and length in meters 

 

 

Potential ridge and furrow profile 9. Height and length in meters 



 

Potential ridge and furrow profile 10. Height and length in meters 

 

Potential ridge and furrow profile 11. Height and length in meters 

 

 

Potential ridge and furrow profile 12. Height and length in meters 

 



 

Potential ridge and furrow profile 13. Height and length in meters 

 

Potential ridge and furrow profile 14. Height and length in meters 

 

Potential ridge and furrow profile 15. Height and length in meters 



 

Potential ridge and furrow profile 16. Height and length in meters 

 

Potential ridge and furrow profile 17. Height and length in meters 

 

Potential ridge and furrow profile 18. Height and length in meters 



 

Potential ridge and furrow profile 19. Height and length in meters 

 

Potential ridge and furrow profile 20. Height and length in meters 

 

Potential ridge and furrow profile 21. Height and length in meters 



 

Potential ridge and furrow profile 22. Height and length in meters 

 

Potential ridge and furrow profile 23. Height and length in meters 

 

Potential ridge and furrow profile 24. Height and length in meters 



 

Potential ridge and furrow profile 25. Height and length in meters 

 

Potential ridge and furrow profile 26. Height and length in meters 

 

Potential ridge and furrow profile 27. Height and length in meters 



 

Potential ridge and furrow profile 28. Height and length in meters 

 

Potential ridge and furrow profile 29. Height and length in meters 

 

Potential ridge and furrow profile 30. Height and length in meters 



 

Potential ridge and furrow profile 31. Height and length in meters 

 

Potential ridge and furrow profile 32. Height and length in meters 

 

Potential ridge and furrow profile 33. Height and length in meters 



 

Potential ridge and furrow profile 34. Height and length in meters 

 

Potential ridge and furrow profile 35. Height and length in meters 

 

Potential ridge and furrow profile 36. Height and length in meters 

 



 

Potential ridge and furrow profile 37. Height and length in meters 

 

Potential ridge and furrow profile 38. Height and length in meters 

 

Potential ridge and furrow profile 39. Height and length in meters 



 

Potential ridge and furrow profile 40. Height and length in meters 

 

 

Potential ridge and furrow profile 41. Height and length in meters 

 

Potential ridge and furrow profile 42. Height and length in meters 



 

Potential ridge and furrow profile 43. Height and length in meters 

 

Potential ridge and furrow profile 44. Height and length in meters 

 

Potential ridge and furrow profile 45. Height and length in meters 



 

Potential ridge and furrow profile 46. Height and length in meters 

 

Potential ridge and furrow profile 47. Height and length in meters 

 

Potential ridge and furrow profile 48. Height and length in meters 



 

Potential ridge and furrow profile 49. Height and length in meters 

 

Potential ridge and furrow profile 50. Height and length in meters 

 

Potential ridge and furrow profile 51. Height and length in meters 

 



 

Potential ridge and furrow profile 52. Height and length in meters 

 

Potential ridge and furrow profile 53. Height and length in meters 

 

Potential ridge and furrow profile 54. Height and length in meters 



 

Potential ridge and furrow profile 55. Height and length in meters 

 

Potential ridge and furrow profile 56. Height and length in meters 

 

Potential ridge and furrow profile 57. Height and length in meters 



 

Potential ridge and furrow profile 58. Height and length in meters 

 

Potential ridge and furrow profile 59. Height and length in meters 

 

Potential ridge and furrow profile 60. Height and length in meters 



 

Potential ridge and furrow profile 61. Height and length in meters 

 

Potential ridge and furrow profile 62. Height and length in meters 

 

Potential ridge and furrow profile 63. Height and length in meters 

 



 

Potential ridge and furrow profile 64. Height and length in meters 

 


