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1 ABSTRACT  

This study focusses on creating a geomorphological map of the Baruth Ice-Marginal Valley and 

testing its reliability. Early geomorphological mapping required physical site visits for recording 

landscape features in for instance topographical maps. However, new technologies in Geographic 

Information Systems (GIS) gives us the possibility to detect landscape features digitally. The aim of 

this study is to investigate whether digital mapping of geomorphological landscape features can 

replace traditional physical fieldwork using LiDAR-derived elevation maps applied on a fieldwork area 

in the Baruth Ice-Marginal Valley in Brandenburg, Germany. All landscape features and feature 

groups are assessed on the reliability of mapping them without physical fieldwork. These results are 

displayed in an overview. Several geomorphological maps were created containing macro, meso and 

micro structures. Most of the features could be mapped with high reliability and precision. However, 

features related to endogenic processes and some micro-scale features couldn’t be mapped with 

certainty. LiDAR datasets are a promising technology for geomorphological mapping with great 

detail. However, a combination of thematic maps, expert knowledge and physical fieldwork is also 

needed to create a reliable geomorphological map.  
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3 INTRODUCTION AND THEORETICAL FRAMEWORK 

The shaping of the earth comes with two different kind of processes: endogenic and exogenic 

processes. Geomorphology is the part of science where surface features are primarily determined by 

processes originating outside the solid Earth and is therefore part of the exogenic processes 

(Scheidegger, 1991). Geomorphological mapping is an important link between geomorphology and 

its applications (Wu, Wang, Han, Ren, & Chen, 1993). Early geomorphological mapping required 

physical site visits for recording landscape features in for instance topographical maps (Smith, Paron, 

& Griffiths, 2011). However, new technologies in Geographic Information Systems (GIS) gives us the 

possibility to detect landscape features digitally. In this research data derived from Light Detection 

and Ranging (LiDAR) technology will be used. The availability of LiDAR data gives us the opportunity 

to avoid associated problems with traditional geomorphological mapping which was mostly field-

based, therefore saving time and money (Jones, Brewer, Johnstone, & Macklin, 2007). However, 

mapping solely relying on digital sources gives room for error. Normally, the mapping of landscape 

features could be verified to drop the errors. Therefore, it is important to clarify the probability for 

mistakes to happen when mapping different landscape features. Van Asselen & Seijmonsbergen 

(2006) already attempted to provide a percentage of correctness when mapping slopes and elevation 

characteristics using semi-automated recognition of landform using a laser DTM. Mapping 

geomorphological landscape features using remote sensing techniques can be a great advantage for 

research on landscape processes, although using solely digital mapping techniques can involve room 

for mistake when mapping in great detail (Jones et al., 2007). 

In this research LiDAR data will be used to identify different landscape features, divided into macro, 

meso and micro structures and visualise them in a geomorphological map. The fieldwork area is a 

120 square kilometre area situated between Luckenwalde and Baruth/Mark in Brandenburg, 

Germany, also known as the Central Baruth Ice-Marginal Valley.   

3.1 FIELDWORK AREA 
The Baruth Ice-Marginal Valley is formed during the last two glacial periods, chronologically Saalian 

and  Weichselian and the warm periods after them, the Eemian and the Holocene respectively. This 

valley, also called Baruther Urstromtal in German, is situated between two different aged moraines. 

In the north, younger moraines formed during the Weichselian (Jungmoräne) and in the south older, 

end moraines were formed during the Saalian (Altmoräne) as the land icecaps reached further south. 

The area between the moraines is affected by periglacial and glaciofluvial processes during the Late 

Pleistocene and formed the Baruther Urstomtal where the fieldwork area is mostly located. During 

the Late Weichselian glacial periods aeolian processes shaped the Baruther Urstromtal and the 

results are still visible today in the form of large dune formations. 

In this research, geomorphological landscape features will be mapped in an area of 2 by 10 kilometre 

between Luckenwalde and Baruth/Mark, 50 kilometres south of Berlin (figure 1). This research is in 

collaboration with five research partners mapping all an individual fieldwork area adjacent to each 

other. These maps will be merged together to create a detailed geomorphological map of an area of 

10 kilometre (north-south) by 12 kilometre (west-east) of the Baruth Ice-Marginal Valley (Appendix 

A).   
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Figure 1: Fieldwork area in the Baruth Ice-Marginal Valley. The red  
outlines indicate the boundaries of the LiDAR data available.   

3.2 LIGHT DETECTING AND RANGING (LIDAR)  
LiDAR is an optical remote-sensing technology that uses laser light to produce very accurate x, y and z 

measurements (ESRI, 2019). As seen in figure 2, LiDAR data is retrieved using a plane, drone or an 

helicopter beaming laser pulses to the earth surface giving first, second, third or more return data 

points (van der Schriek & Beex, 2017). The first returned laser pulse is most significant return. This is 

associated with the highest structure or landscape feature like a building or a tree top. The location 

of the points is tracked through a constant connection with a Global Positioning System (GPS). The 

retrieved data points are sent to a ground station, storing all data points. Because of the precision 

LiDAR returned data gives, an high definition digital elevation model (DEM) can be made. The 

application of LiDAR-derived elevation maps are particularly useful on forests and heathlands. LiDAR 

data can provide detailed maps supporting the construction of geomorphological maps. 
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Figure 2. The funtioning of LiDAR (van der Schriek & Beex, 2017). 

3.3 RELICT CHARCOAL HEARTHS 
The production of charcoal was of great importance between the 17th and the 19th century. Much 

higher temperatures can be reached with charcoal than unprocessed wood when ignited and 

therefore ores can be forged. Relict Charcoal Hearths (RCH’s) are the visible remains in soils of the 

production of charcoal in the fieldwork area. Raab et al., (2015) found evidence for large-scale 

charcoal production in Brandenburg, Germany by localizing RCH’s digitally and archaeological 

excavations. Previous research already localized, mapped, and confirmed RCH’s in the Baruther 

Urstromtal by using LiDAR-derived maps and physical fieldwork (Schneider, Takla, Nicolay, Raab, & 

Raab, 2015; Burger, 2019; Detiger, 2019; Gevers, 2019; Unver, 2019). Since this research is solely 

focussed on digital mapping and no physical fieldwork is done, potential RCH’s will be localized and 

mapped. Subsequently, the reliability of mapping RCH’s will be assessed and the data will be stored 

for future research and confirmation of these potential RCH’s.   

3.4 RESEARCH AIM 
This research will be focused on three topics. Mainly, this research is focused on creating a detailed 

geomorphological map of the area in the Baruth Ice-Marginal Valley mapping all macro, meso and 

micro landforms. Therefore, the first research question is “How can a geomorphological map be 

created of the Baruth Ice-Marginal Valley in Brandenburg, Germany?”. In this part of the research the 

geomorphological map will be showed and the different layers of the map will be elaborated.  

Subsequently, an reliability workflow and overview is made to get an insight in which maps and tools 

were used for mapping geomorphological landscape features in the fieldwork area. In this overview, 

all landforms are assessed on the reliability of correctly mapping these features by using literature, 

and by experience gained during the compositing of the geomorphological map and expert 

knowledge shared by supervisor W.M. de Boer. Therefore, the next questions will be answered “How 

reliable is the data used in creating a geomorphological map?” and, more importantly, “In what 

extend can digitally mapping be a replacement of physical fieldwork?”. 

Finally, the mapped Relict Charcoal Hearths as part of the geomorphological map will shortly be 

explained and the location will be stored in a database. This will be done for future research on RCH’s 
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by students and researchers of the University of Amsterdam (UvA), the Institute for Biodiversity and 

Ecosystems Dynamics (IBED), and the Brandenburg University of Technology Cottbus-Senftenberg.  

These research question will be answered to ultimately answer the main question of this research 

“With what level of certainty can a detailed geomorphological map be created solely using remote 

sensing techniques of the Baruth Ice-Marginal Valley in Brandenburg, Germany.”  
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4 METHODOLOGY 

4.1 LITERATURE STUDY  
In order to create a detailed geomorphological map, literature research is done to comprehend the 

geological and surface processes of the fieldwork area. Literature research is done on landscape 

features commonly present in the fieldwork area to gain knowledge how to identify these landforms 

(W.M. de Boer, 2000; Juschus, 2001; Raab et al., 2015; Schneider et al., 2015; Hirsch et al., 2017). 

4.2 PRE-PROCESSING 
In order to start mapping the area of the Baruth Ice-Marginal Valley several preparations were done. 

First, 3 different e-learning ESRI courses were done to get familiar with LiDAR data: (1) Managing 

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

LiDAR data using Terrain datasets. Thereafter, a separate online course was done provided by W.M. 

de Boer: working with LiDAR data in ArcGIS Pro. In this module, an insight was given about Airborne 

Laser Scanning (ALS) data for quantifying fine-scale habitat and basic geomorphological features. 

Second, LiDAR data was obtained of 49 different tiles (.tiff files) of 2 by 2 kilometre of the fieldwork 

area and imported in ArcGIS Pro. Subsequently, a Digital Elevation Model, Hillshade, Aspect and 

Slope map were created from the LiDAR dataset. The individual fieldwork area of 5 tiles contains 

more than 31.5 million LiDAR data points making the derived maps very precise. Moreover, a wide 

variety of thematic maps are gathered through online services. A data management table for the 

used thematic maps can be found in Appendix D. 

Third, a workflow file was created how to build an ‘.aprx’ in ArcGIS Pro for maps of the Baruth Ice-

Marginal Valley in Brandenburg. This workflow goes through the steps to generate an .aprx file for 

use in ArcGIS Pro with web services and local geodata, partly downloaded from the UvA Geoportal, 

found in Appendix B.  

Fourth, a detailed geomorphological legend based on Frank (1987) was made by research partner 

Schadee (2020) labelled with an ArcGIS attribute table code linked to a symbol, which can be found 

in Appendix A. In this legend all landforms are divided into different type of landforms to create for 

each group a separate shapefile (.shp) specified with a shapefile format (polygon, polyline or 

multipoint).  

Finally, an overview was made in Excel to make claims on the reliability of mapping different 

geomorphological features (Appendix C). For filling in this overview, a format is made for every 

separate landscape feature or feature group. This format, seen in Table 1, gives an insight in the 

process of mapping geomorphological landscape features. In the first row, the name of the landscape 

feature is written down, followed by a description of the phenomenon, what the characteristics are, 

how it is formed and how it can be identified. Subsequently, the ArcGIS Processing row shows which 

maps derived from the LiDAR data, maps from online services and which ArcGIS tools are required. 

Next, a picture of the landform, seen on the maps that are used, can be inserted to get a visualisation 

on how to recognize it. In combination of the maps and tools used, the literature available and the 

gained experience from the virtual fieldwork done in ArcGIS Pro, a statement can be made about the 

reliability of mapping a particular landform. The reliability can be classified as bad, fairly, good and 

great, each linked with an interval of percentages. For example, the classification bad is given for 

mapping a landscape feature if the percentage of chance that the landscape feature is mapped 

correctly is 25 percent or lower. This percentage and classification shows in what extend this 
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landscape feature can be mapped digitally, classified as a result of literature study and the maps and 

tools that were available and used. Finally, an explanation is given about the classification of 

reliability.  

Name landscape feature Name 

Description 
How does it look like? What are the characteristics? 

Where is it normally found? How is it formed? 

Literature Which literature is used in explaining the feature 

ArcGIS Processing 
What maps from the LiDAR data are used? Which other 
maps from online services are used? Which ArcGIS tools 

are used? 

Picture of ArcGIS 
Insert a picture of an ArcGIS layer to see how the visual 

detection of the landscape feature is done. 

Reliability 
Bad(0-25%)/Fairly(25-50%)/Good(50-75%)/Great(75-

100%) 

Explanation Explanation why the reliability is as mentioned in cell B6  

Table 1: Table to gather data to assess the reliability of mapping a geomorphological feature or 

feature group.  

Eventually, an overview is made for all different landforms to gain insight in the reliability of the final 

geomorphological map. This overview is made by combining all Excel tabs of all landscape feature 

groups and shows the outcomes of the “ArcGIS Processing” and “Reliability” rows. An example is 

shown in Table 2. 

Table 2: Example of a row of the total overview on the reliability of landscape features.  

4.3 VIRTUAL FIELDWORK  
In this research the focus lays solely on the digital mapping of geomorphological features. Therefore, 

a virtual fieldwork is done with 5 research partners (Luimes, 2020; Nobel, 2020; Romar, 2020; 

Schadee, 2020; Zuidevaart, 2020) guided by W.M. de Boer. During this one-week virtual fieldwork 

trip and the following weeks, all macro, meso and micro landscape features were explored. In 

collaboration with the research partners, a detailed geomorphological map of 10 by 12 kilometre was 

made using 30 tiles of LiDAR data covering an area of 120 square kilometre in the Baruth Ice-

Marginal Valley.  

 

 

# Landforms ArcGIS Processing Reliability 

# Landform name Maps and tools used Category 
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5 RESULTS 

In this chapter the results of the geomorphological map are shown and explained. The created 

geomorphological map consists out of macro, meso and micro structures. Here the results of the 

individual fieldwork area of 2 by 10 kilometre are explained. The area is located  just 7 kilometres 

east/southeast of Luckenwalde in Brandenburg, Germany. The complete geomorphological map of 

120 square kilometre (30 tiles of LiDAR data) is added in Appendix A. 

Next, the results of the literature and the made reliability overview, about digital mapping of 

geomorphological landscape features without physical fieldwork, are elaborated further.  

5.1 GEOMORPHOLOGICAL MAP 

5.1.1 Macro structures 

The macro landscape features in the fieldwork area consist out of legend points “8. Material”, and 

“13. Areas of geomorphological processes”.   

  

Figure 3a. Areas of Geomorphological processes              Figure 3b. DEM derived from LiDAR data 
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The fieldwork area is characterised by periglacial and aeolian processes containing moraines, dune 

formations and fluvioglacial erosive areas. As can be seen on the DEM in figure 3b, there is a large 

height difference in the south sloping down towards the north. Using the DEM and a geological map 

(GK25_Preussen_Luckenwalde), elevated area reaching to the large dune formation could be 

mapped as young ground moraine. This moraine is shaped during the last ice age the Weichsealian 

and is a visible sign of until where the glacier reached. On top of the ground moraine, in the 

southernmost area of the map, is a dune formation visible. Almost two kilometres north of the young 

moraine, a smaller valley from the Urstromtal is mapped using the DEM and making profile graphs. 

As can be seen on figure 4 and 5, the valley is around 350 metres wide with an elevation of around 

6.5 meters. This valley is mapped as a side branch of the Baruther Urstromtal because it was formed 

by erosion of meltwater originating from the glacier, making it a fluvioglacial, erosive area.   

This valley originates from the direction of the northeast around a large dune formation area to the 

edge of the Baruther Urstromtal. On the DEM is clearly 

visible that this large dune formation mainly consist 

out of parabolic dunes, characterized by the dominant 

wind direction in the period they are formed (figure 6). 

A clear dominant wind direction coming from a west 

northwest direction is visible in the shape of the dunes. 

In the north of this dune formation lays Holbeck and 

the Holbecker See. The Holbecker See is a depression 

in the landscape area filled by rain and river water 

previously described by Juschus (2001). Juschus (2001) 

described “closed hollow shapes” in the area between 

Luckenwalde and Baruth formed in the glacial valley, 

especially located between the villages Holbeck and 

Linow. The Holbecker See is one of these hollow 

shapes formed by glacial processes and resulted in a 

natural lake.  

The Baruther Urstromtal reaches up until the northmost point of the fieldwork area. In this area 

there is mainly farmland with traces of elongated dune formations. Dunes are recognized by using 

existing maps made by de Boer in 1992 (added in the Appendix), a DEM, an Hillshade and Aspect 

map, and orthophotos to see abruption in colour or texture in the landscape. 

                            

                                       

                   

  

  

  

  

  

  

  

 
  
 
 
  
 
 

Figure 4. Recognition of a fluvioglacial formed valley as a fan of the 
Baruther Urstromtal using a DEM and the Profile tool in ArcGIS Pro. 

Figure 5. Side branch of the Baruther Urtstromtal 

Figure 6. Parabolic dunes with a dominant wind direction 
from the west northwest and the westsouthwest. 
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The Baruther Urstromtal is divided into three levels (figure 7). Starting from south to north of the 

fieldwork area, the Urstromtal valley is categorized in level 1 (55 to 62 meter above sea level 

(AMSL)), level 2 (50 to 55 meter AMSL), and level 3 (40 to 50 meter AMSL) corresponding with the 

heights described in Juschus (2001) seen in figure 8. This indicates that the north was more subject to 

glacial scouring than in the south, which is logical since the land ice originates from the north.  

  

Figure 7. Visualisation of the 3 different Urstromtal levels 

5.1.2 Meso structures 

The meso landscape features in the fieldwork area consist out of legend points ”5. Valleys and 

Drainageways”, and “14. Hydrography”.  

The meso structures can be seen in figure 9. Valleys and drainageways are mainly found in the south 

of the fieldwork area. In this area a ‘saucer’ (U-shape) shaped valley and V-shaped valleys are 

mapped with a width between 25 and 100 meter. These valleys are shaped by melt water originating 

from glaciers formed in the Weichselian and Selian carving into the ground moraines. The 

hydrography north of these erosive areas in the Urtstomtal mainly consist out of artificial 

drainageways. These are used for agricultural purposes and a water basin with the same purpose can 

be found in the north. In the middle of the fieldwork area, the Holbecker See is mapped as part of 

the hydrography (already explained in chapter 5.1.1). 

Figure 8. Meltwater breakthroughs in the Baruther Urstromtal with 
corresponding heights (AMSL) from Juschus (2001) 
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Figure 9. Meso structures mapped on top of the geomorphological processes layer. 
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5.1.3 Micro structures 

The micro landscape features in the fieldwork area consist out of legend points “6. Micro 

Landforms”, “13.13 Anthropogenic”, “15. Supplementary information”, and “16. Military”.  

The micro landscape features that are mapped in this part of the fieldwork area are kettles, houses, 

roads and urban areas, confirmed and potential RCH’s, and military objects and borders such as 

bunkers, roadside depots, fire trenches, military area borders and railways.  

Throughout the whole area, roads (mainly unpaved) can be found. Using the topographic map, west 

of the Holbecker See, the eastern part of the village Holbeck is mapped. The village of Holbeck is 

formed around a depression with a peat forming, swampy area in it. This gives evidence that in times 

of the establishment of the village a small lake was present where the locals built there houses 

around it (Juschus, 2001). This depression could be formed by land ice residuals of the last ice age, 

leaving a kettle behind. Two kettles can be found east of Holbeck having different shapes. It is 

remarkable that the mapped kettles, Holbecker See and the kettle in Holbeck form a line of 

depressions just north of where the ground moraines begin and where the erosive area end. This 

could indicate that the land ice caps reached until here and, when retreating in warmer periods, large 

blocks of ice remained in the area.  

14 confirmed RCH’s and 58 potential RCH’s were mapped in the fieldwork area. The data of the 

confirmed RCH’s were retrieved from Schneider (2017, personal e-mail communication to W.M. de 

Boer, April 16, 2018). 58 potential RCH’s were identified by using an hillshade map (figure 10). 

 

 Figure 10. Potential RCH's 

In the south of the fieldwork area, the landscape is characterized by military influences. This area is 

part of Heidehof-Gomberg military area, as can be seen in figure 11 where the border of this military 

area is mapped. Several bunkers, dug-outs, road-side depots and fire trenches as remainders of the 

World War two and military training are mapped.  
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Figure 11. Micro structures map on top of the macro and meso features maps. 
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5.2 RELIABILITY OVERVIEW 
The reliability format is filled in for every landscape feature represented in the made legend. In table 

3, and example is given of a filled in reliability format for a kettle found in the fieldwork area. The 

whole file of filled in formats can be found in the Appendix C. First, the description is given of a kettle 

using the literature found about the phenomenon (Fairbridge, 2006). The maps used for recognizing 

a kettle are a DEM and a orthophoto. On the DEM is a clear depression visible of the area. On the 

orthophoto is clearly visible that there is a disruption of vegetation and dark brown colours indicating 

on peat forming is present (Fairbridge, 2006). This explanation is written down in the explanation 

row in table 3. Combining the literature with the maps and tools available for mapping such a 

landscape feature, it is possible to make a claim about the reliability of mapping this feature only 

using digital sources. In this case the chance that this feature will be verified as a kettle with physical 

fieldwork is high. Therefore, the reliability is categorized as great.  

Table 3. Reliability check filled in for a kettle mapped in the fieldwork area. 

Name landscape feature Kettle 

Description 

A kettle is a depression in the landscape normally characterized 
by peat formation and little vegetation. It is formed by remains of 
a glacier. A large block of ice remains after the ice cap retreats. 
The ice becomes burried by sediments and after the ice melts, a 

depression in the landscape occurs.  

Literature 

Fairbridge, R. W. (2006). Kettle. In Geomorphology (pp. 587–
589). Kluwer Academic Publishers. https://doi.org/10.1007/3-

540-31060-6_200 

ArcGIS Processing 
DEM, WMS BB-BE DOP20c (Orthophoto), Profile (Ready-To-

Use Service Tool)/Interpolate Shape (3D Analyst Tool) 
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Picture of ArcGIS 

 

Reliability Great (75 – 100% reliable) 

Explanation 

On the orthophoto it is clearly visible that there is few vegetation 
and the darker colours in the middle gives a sign of present peat 
formation. On the DEM it is clear that this is a depression in the 

landscape. Therefore, you can say with a good certainty that this 
is a kettle. 

 

All landscape features present in the legend are described and checked on the reliability when 

mapping digitally. However, not all features were present in the fieldwork area and are described 

theoretically and linked to the maps and tools that are needed to claim a percentage of reliability. 

Most landscape features could be mapped using the LiDAR derived maps. However, some features 

had to be identified by using extra maps online from the area. The structure groups where all 

landscape features are divided in can be seen in table 4. 

Table 4. Reliability overview of all features classes 

Legend # Contents of the legend Division Reliability 

5 Valleys and drainageways Meso Good (50 – 75% reliable) 

6 Individual landforms Micro Good (50 – 75% reliable) 

8 Material Macro Bad (0 – 25% reliable) 

13 Areas of geomorphological processes Macro Good (50 – 75% reliable) 
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14 Hydrography Meso Great (75 – 100% reliable) 

15 Supplementary information Micro Fairly (25 – 50% reliable) 

16 Military Micro Good (50 – 75% reliable) 

 

The Valleys and drainageways have been identified by using a DEM. When a valley or (former) 

drainageway was found, a profile graph has been made using the Profile (Ready-To-Use Service Tool) 

tool, or for a more precise profile graph the Interpolate Shape (3D Analyst Tool), for visualising the 

shape of the valley or drainageway. Using the DEM (Figure 12), the reliability for mapping valleys and 

drainageways is great. However, the shape of valleys and drainageways can abruptly change along its 

path due to aeolian processes, sedimentation or anthropogenic influences. Therefore, multiple 

profile graphs should be made for precisely identifying the shape of valleys and rivers. The shape of a 

valley or drainageway can change in a relatively short period of time, making it sometimes difficult to 

precisely map and classify the feature, but overall relatively accurate. The reliability for mapping 

these features is therefore classified as ‘good’. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Individual/micro landforms groups consist out of 7 different landscape features. Different maps 

have been used for identifying all separate features seen in the Appendix. However, all micro 

landforms are characterised by an elevation or a depression in the landscape and could be localised 

by using a DEM or an Hillshade map in combination with an orthophoto to see vegetation or colour 

disruptions in the landscape. To distinguish the different micro landforms, also the profile tool and 

interpolate shape tool in ArcGIS Pro proved to be useful. The reliability on average is ‘good’ for 

mapping micro landforms as can be seen in the overview in the Appendix. 

Mapping the dominant present soil Material of the fieldwork area was solely dependent on existing 

geology maps of the area mentioned in the overview. It is not possible to make a soil material map of 

the area using GIS techniques. Physical fieldwork mapping is required and therefore the reliability on 

mapping this group is categorized as ‘bad’.  

                            

                              

                   

  

  

  

  

  

  

  

 
  
 
 
  
 
 

Figure 12. DEM with a profile graph of a saucer shaped valley identified in the fieldwork area. 
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The Areas of geomorphological processes that were mapped were aeolian dune formations, glacial 

accumulative areas (young moraine), fluvioglacial erosive area (Baruther Urstromtal), a lake 

(Holbecker See), and anthropogenic structures (village or city). Identifying the anthropogenic 

structures is easily done with an orthophoto and a topographical map. The DEM (figure 3b) is used 

for mapping the moraine and Urstromtal in combination with a GK25 and a GK100 geological map. 

The dune formations could be identified by using the DEM, Aspect map and an orthophoto. A 

morphogenetic map made by W.M. de Boer in 1992, added in Appendix A, was also used for 

identifying dunes and mapping the Baruther Urstromtal. LiDAR data made detailed mapping of the 

geomorphological processes possible. However, expert knowledge of supervisor W.M. de Boer and 

previous research on the area were needed to clearly distinguish the borders of the 

geomorphological processes. Therefore, the reliability of mapping geomorphological processes are 

classified as ‘good’.  

The Hydrography of the fieldwork area could be mapped by using a detailed topographical map and 

using the DEM. Afterwards, the rivers, channels and water basins could be verified with an 

orthophoto, making the map very detailed with a ‘great’ reliability.  

In this individual strip of the fieldwork area, only potential RCH’s were found and data of confirmed 

RCH’s from previous research was gathered within the ‘Supplementary information’ group. RCH’s 

could be found by using an Hillshade map (figure 10) and a DEM, and previous mapped RCH’s by 

Schneider in 2017 (personal e-mail communication to W.M. de Boer, April 16, 2018) were used. 

Digital mapping of RCH’s in the fieldwork area appears to be not very reliable as, during physical 

fieldwork, new RCH’s were discovered and digitally identified RCH’s were falsely mapped (Burger, 

2019; Schneider, 2017). Comparing confirmed and potential RCH’s in previous research by Burger 

(2019) and A. Schneider (2017), it appeared to be that there is an accuracy of around 50 percent 

when mapping RCH’s. Therefore, mapping RCH’s solely digitally is not very reliable and classified as 

‘fairly’.  

For mapping Military objects, an Hillshade map and a DEM were very useful for unintentional military 

marks on the landscape like bomb craters. For built structures a military map was available of the 

area. These features were mostly recognized by their geometric shape or by repeating patterns in the 

landscape (figure 13a and 13b). LiDAR data made it easy to localize these features. However, the 

purpose of these features were often unclear and distinguishing military objects with natural 

features could be difficult. Physical fieldwork would make a military map more reliable in identifying 

the purpose of military features. Therefore, the reliability of the made map could be classified as 

‘good’.  

Figure 13a. Military objects visualized on a Hillshade map Figure 13b. Military objects visualized on a DEM 
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6 DISCUSSION 

The aim of this research was to create a detailed geomorphological map identifying macro, meso and 

micro landscape features of the fieldwork area located the Baruth Ice-Marginal Valley. The second 

objective was to make an overview of the reliability on mapping geomorphological features solely 

digitally. Finally, potential RCHs were located and mapped for future research on this phenomenon 

by students and researches of the UvA, IBED, and the Brandenburg University of Technology Cottbus-

Senftenberg.  

The development of GIS LiDAR data for identifying surface landscape processes and features gives 

the opportunity for making maps digitally and, therefore, making physical fieldwork have a less 

important role in creating a geomorphological map. In this research an overview was made on the 

reliability of digital mapping of geomorphological landscape forms using LiDAR data after several map 

layers were created. It appears that most of the layers could be made by using a DEM, Hillshade, 

Slope and Aspect map or an ArcGIS Pro tool. However, most landforms needed additional thematic 

maps made in previous research to get a detailed and precise identification. These maps consist out 

of an orthophoto, topographical map, military maps, geological maps and features identified in 

previous research in the fieldwork area (Burger, 2019; Detiger, 2019; Gevers, 2019; Unver, 2019; 

W.M. de Boer, 2000). The reliability of the geomorphological maps made during this research is 

different for each feature group. Most of the landforms could be identified with a good reliability 

between 50 and 75 percent (table 4), meaning that digital geomorphological mapping covers most of 

the landscape features. In addition with thematic maps available through online services and 

previous field, landscape features could mostly be mapped with great detail. However, landforms, 

mostly small-scale micro structures like RCH’s, couldn’t always be identified with high certainty and a 

relatively high chance for error was present. This applies also for soil material since this is an 

endogenic process and cannot be determined by remote sensing techniques. Therefore, physical 

fieldwork is necessary for confirmation of these landscape features when mapping them.  

To assess whether digital mapping using remote sensing techniques, in this case LiDAR derived data, 

is sufficient enough to replace physical fieldwork the advantages and disadvantages has to be 

investigated and compared with previous research. According to Smith et al. (2011), a combination of 

fieldwork and digital mapping with LiDAR base maps provides the greatest potential in representing 

the truth. Both methods have disadvantages. Remote sensing techniques suffer from the technology 

used to produce. On the other hand, mapping through physical fieldwork is prone to human error. 

Besides this, access limitation of areas due to ownership or rough terrain can cause difficulties. Jones 

et al., (2007) made a quality assessment on LiDAR-derived geomorphological maps by comparing this 

with field mapping. Producing maps using LiDAR data produced useful results in Jones et al., (2007), 

however fieldwork verification is essential when a high degree of precision in mapping 

geomorphological landscape features is needed as found in this study. When comparing LiDAR data 

constructed maps with actual physical fieldwork constructed maps, Jones et al., (2007) concluded 

that 80 percent of the features of the final map were already identified by the LiDAR-derived maps. 

This means that mapping through LiDAR data is a suitable method for the production of base maps 

for use in field mapping to verify and expand geomorphological features. This is also in line with the 

findings of this research, where it appeared that a combination is needed of fieldwork and digital 

mapping. Both methods having advantages and disadvantages, but cannot exclude each other.  

The strength of this research in investigating the reliability of making maps without doing physical 

fieldwork is the availability of airborne LiDAR data. For previous research in the Baruth Ice-Marginal 

Valley, LiDAR data was bought from the Landesamt für Bergbau, Geologie und Rohstoffe 
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Brandenburg (LBGR). The LiDAR data is very precise,  for this individual fieldwork area alone there are 

more than 31.5 million LAS data points. This made it possible to make very detailed maps. Besides 

the LiDAR-derived maps, there was access to a wide variety of thematic maps of the area. This was 

because of previous research in the fieldwork area but also because of detailed made maps in times 

of the German Democratic Republic for military use.  

A limitation of this research is, as mentioned in Jones et al., (2007), that geomorphological mapping 

is a subjective process of feature recognition and interpretation. Different geomorphological experts 

are unlikely to produce an identical map. The interpretation of the maps made in this research can 

and should be adjusted to new findings and interpretations. However, van Asselen & Seijmonsbergen 

(2006) concluded that maps derived from the laser DTM requires only a relatively limited 

geomorphological knowledge to interpret topographic objects, whereas traditional geomorphological 

mapping fully relies on expert knowledge making remote sensing techniques more accessible for 

research without expert knowledge. Moreover, LiDAR datasets are emerging in availability for more 

areas. Therefore, they will probably become less expensive, more developed and will be used more 

often in the future. Studies using high resolution DTM and DSM derived parameters may become 

more efficient than physical fieldwork derived surveys, generating results less subject to subjectivity 

(van Asselen & Seijmonsbergen, 2006). Another limitation of this research for assessing the reliability 

of mapping geomorphological features is that the mapped features still have to be verified. A 

comparison with actual fieldwork should be made to assess the correctness of the made map, and 

subsequently rate the reliability of using LiDAR-derived maps for mapping the geomorphology.  

An unexpected result was that the biggest part of the geomorphological features could be mapped 

with an high certainty. Considering that the fieldwork area has never been physically attended by me 

or my research partners. This could imply that in the future physical fieldwork is only needed for 

detailed adjustments of the map and mapping features related to endogenic processes, decreasing 

costs and time.  

Further research in the fieldwork area should focus on 

confirming of the mapped features by identifying and 

adjusting the shapes and borders. When the features are 

confirmed a statistical analyses can be done by doing 

sample tests. Several geomorphologists or researchers 

should try to map a landscape feature. Subsequently, 

these samples should be compared with the actual 

confirmed (by physical fieldwork and digital identification) 

feature. An average percentage can then be calculated 

how accurate mapping this feature digitally is (figure 14).  

Further research should focus on solely digitally mapping of 

landforms in general for other areas. In this research, a wide variety of thematic maps and high 

definition orthophotos were available which made mapping geomorphological landforms reliable. 

However, in areas where there is not such or less expert knowledge of the landscape processes, the 

reliability of maps derived by remote sensing techniques decreases. Moreover, fieldwork will be 

required when LiDAR datasets are not available to guarantee a reliable and detailed 

geomorphological map. 

  

Figure 14. Sample test experiment for testing the reliability on 
mapping a landscape feature digitally. 
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7 CONCLUSION 

 “How can a geomorphological map be created of the Baruth Ice-Marginal Valley in Brandenburg, 

Germany?”. 

A geomorphological map is created using very precise LiDAR-derived maps: DEM, Hillshade, Aspect 

and Slope map. Furthermore, a wide variety of thematic maps and dataset were available for the 

fieldwork area. ArcGIS Pro appeared to be a good processing tool for mapping geomorphological 

features in the Baruth Ice-Marginal Valley.  

“In what extend can digitally mapping be a replacement of physical fieldwork?”. 

Digitally mapping of geomorphological landscape features using LiDAR data is a good basis for 

making a detailed map and can in some extent replace actual fieldwork, saving money and time and 

overcoming obstacles involved by traditional, physical fieldwork. LiDAR data gives a new opportunity 

for mapping macro, meso and micro landscape features in a much greater detail than before. 

However, digitally mapping has some limitations. Features related to endogenic processes are 

difficult to map. These are mostly dependent on thematic maps and fieldwork data received from 

previous research.  

“With what level of certainty can a detailed geomorphological map be created solely using remote 

sensing techniques of the Barut Ice-Marginal Valley in Brandenburg, Germany.”  

In conclusion, the emergence of LiDAR data has made it possible to develop very detailed elevation 

maps. Therefore geomorphological maps can be mapped very accurately. However, in this study 

thematic maps from previous research, maps created by the Brandenburg state and expert 

knowledge on the fieldwork area, were required in order to insure a good level of reliability. 

Furthermore, this study shows that in order to create a detailed geomorphological map with a good 

certainty, digital mapping has to be accompanied by traditional field work.  
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10 APPENDICES 

10.1 APPENDIX A: CREATED MAPS AND LEGEND, AND USED MAPS 

 

Figure A1. Created geomorphological map of the total fieldwork area by Geskus, Luimes, de Nobel, Romar, Schadee and Zuidervaart (2020). 
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Figure A2. Legend created by Schadee (2020) based on Frank (1987). 
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Figure A3. Morphogenetic map made by de Boer (1992) visualizing the geomorphological processes in the Baruther Urstromtal. 
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10.2 APPENDIX B: ‘BUILDING AN .APRX FROM A .MXD’-WORKFLOW. 
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10.3 APPENDIX C: RELIABILITY OVERVIEW 

10.3.1 Total overview 

 

Derived from Frank 1987, adjusted 
by Schadee (2020).     

5 Valleys and Drainageways (Meso) ArcGIS Processing Reliability 

  Type, Width (25 -< 100 m)     

5.1 Saucer                  ) DEM, Profile (Ready-To-Use Service Tool), Interpolate Shape (3D Analyst Tool) Good 

5.2 Flat                     |_| DEM, Profile (Ready-To-Use Service Tool), Interpolate Shape (3D Analyst Tool) Good 

5.3 V shaped             V DEM, Profile (Ready-To-Use Service Tool), Interpolate Shape (3D Analyst Tool) Good 

5.4 Flat V-shape       \_/ DEM, Profile (Ready-To-Use Service Tool), Interpolate Shape (3D Analyst Tool) Good 

5.5 V shape saucer    } DEM, Profile (Ready-To-Use Service Tool), Interpolate Shape (3D Analyst Tool) Good 

      

6 Individual Landforms (Micro) ArcGIS Processing Reliability 

6.1 Knob DEM, Hillshade, WMS BB-BE DOP20c (Orthophoto) Good 

6.2 Earth dam/ wall DEM, Hillshade, WMS BB-BE DOP20c (Orthophoto) Good 

6.3 Kettle DEM, WMS BB-BE DOP20c (Orthophoto), Profile (Ready-To-Use Service Tool) Good 

6.5 Spur DEM, Hillshade, Slope map Good 

6.7 Panhole DEM, Hillshade, WMS BB-BE DOP20c (Orthophoto) Good 

6.8 Alluvial fan DEM, WMS BB-BE DOP20c (Orthophoto) Good 

6.9 Pingo ruin DEM, Profile (Ready-To-Use Service Tool) Good 

      

8 Material (Macro) ArcGIS Processing Reliability 

8.1 Clay WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.2 Sand WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.3 Loam WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.4 Gravels WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.5 Loamy sand WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.6 Sandy loam WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.7 Sand, silt; colluvial WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.8 
Sandy loam, gravelly, partly with 
cobbles; dump upbuilding WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 
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8.9 
Sand with debris, partly calcerous; 
building rubble WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.10 Sandy mud WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.11 Calcareous mud WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.12 Sapropel, calcareous WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

8.13 low fen, swamp forest and sedge peat WMS-LBGR-BOARTSUBSTR (Bodenarten und Substraten) Bad 

      

13 
Areas of geomorphological 
processes (Macro) ArcGIS Processing Reliability 

13.1 Lacustrine 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.2 Aeolian 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.3 Glacial; accumulative (eind moraine) 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.4 Glacial; accumulative ((Oud/jong) 
moraine) DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 

GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 
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13.5 Glacial; scouring 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.6 Fluvioglacial; accumulative 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.7 (sub)Fluvioglacial: erosive 
    

13.7.1 Erosive 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.7.2 Water still present 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.7.3 Meltwater valley 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.8 Fluvial (valley floor, terraces, etc) 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 
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13.9 Denudational; colluvial 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.10 Denudational 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.11 Organic (mostly low fen formations) 

DEM, GK25_Preussen_Luckenwalde24NK3945GeorefNov2015.tif, 
GK100_Germany_Geologische_Ubersicht_09_Teltow_Flaming.tif, 
DeBoer1992DunesBUSTEPSG25833, 
Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif, WMS BB-BE 
DOP20c (Orthophoto) 

Good 

13.12 Anhropogenic Orthophoto, Topographic map Great 

13.13 Anthropogenic; present day (Micro)     

13.132 Roads; Paved Orthophoto, Topographic map Great 

13.132 Roads; Unpaved Orthophoto, Topographic map Great 

      

14 Hydrography (Meso) ArcGIS Processing Reliability 

14.1 Perennial streams and lakes 
DEM, WMS BB-BE DTK10 Farbe (Topographic map), WMS BB-BE DOP20c 
(Orthophoto) Great 

14.2 Perennial artificial drainageway 
DEM, WMS BB-BE DTK10 Farbe (Topographic map), WMS BB-BE DOP20c 
(Orthophoto) Great 

14.3 Natural stream, basin, modified by man 
DEM, WMS BB-BE DTK10 Farbe (Topographic map), WMS BB-BE DOP20c 
(Orthophoto) Great 

14.4 Occasionally flooded area 
DEM, WMS BB-BE DTK10 Farbe (Topographic map), WMS BB-BE DOP20c 
(Orthophoto) Great 

14.5 Artificial subsurface inflow 
DEM, WMS BB-BE DTK10 Farbe (Topographic map), WMS BB-BE DOP20c 
(Orthophoto) Great 

14.6 
Lake (artificial?) water level due to 
input of river and rainwater 

DEM, WMS BB-BE DTK10 Farbe (Topographic map), WMS BB-BE DOP20c 
(Orthophoto) Great 
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14.7 stream, periodically  
DEM, WMS BB-BE DTK10 Farbe (Topographic map), WMS BB-BE DOP20c 
(Orthophoto) Great 

14.8 artificial stream, periodically 
DEM, WMS BB-BE DTK10 Farbe (Topographic map), WMS BB-BE DOP20c 
(Orthophoto) Great 

      

15 Supplementary information (Micro) ArcGIS Processing Reliability 

15.3 Charcoal works Hillshade, Profile (Ready-To-Use Service Tool), Interpolate Shape (3D Analyst 
Tool). 

Fairly  

      

16 Military (Micro) ArcGIS Processing Reliability 

16.1 firetrench (loopgraaf) 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.2 anti-tanktrench 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.3 bunker/dug-out/foxhole 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.4 (roadside)depots(bunker for vehicles) 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.5 bomb crater 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.6 artifical extinguish water pond 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.7 
Heidehof-Golmberg military area 
border 

DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.8 
Kummersdorf-Gut military facility 
border 

DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.9 Military single structures(tower, radar) 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.10 Royal Prussian Military Railway (KME) 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 

16.11 Military multiple structures 
DEM, Hillshade, N-33-135-D_Wünsdorf_1989Ausgcrop_UTM33N1.tif.jp2 
(Military map), WMS BB-BE DOP20c (Orthophoto) Good 
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10.3.2 Valleys and drainageways 
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10.3.3 Individual Landforms 
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10.3.4 Material 
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10.3.5 Areas of Geomorphological Processes 
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10.3.6 Hydrography 
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10.3.7 Supplementary information – RCH’s 
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10.3.8 Military 

  



10.3-- 55 - 
 

 

Figure C1. Overview of a visualization of military conflict sights made by research partner de Nobel (2020) 
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10.4 APPENDIX D: RESEARCH DATA TABLE 
 Data Source Scale Date Description 

1 LiDAR data University of 
Amsterdam 
Geoportal 

 2011 LiDAR is an optical remote-sensing 
technology that uses laser light to 
produce very accurate x, y and z 
measurements (ESRI, 2019). As 
seen in figure 2, LiDAR data is 
retrieved using a plane, drone or 
an helicopter beaming laser pulses 
to the earth surface giving first, 
second, third or more return data 
points (van der Schriek & Beex, 
2017). 

2 Orthophoto 
(WMS-BB) 

Geobasis 
Brandenburg 

1:5.000 2019 Digital orthophoto (DOP20c) 

3 Topographic 
(WMS-BB) 

Geobasis 
Brandenburg 

1:10.000 2018 Topographic map (DTK10 Farbe) 

4 Topographic  University of 
Amsterdam 
Geoportal 

1:25.000 1989 Military map of the area of Paplitz 

5 Pedology 
(WMS) 

Inspire 
Brandenburg 

1:50.000 
1:300.000 
1:1.000.000 

2010 Soil maps of Brandenburg: B50, 
BÜK 300 and MMK.  

6 Pedology 
(WMS) 

Inspire 
Brandenburg 

1:300.000 2015 Soil and substrate map of 
Brandenburg.  

7 Geomorphology Atlas zur 
Geologie von 
Brandenburg 

1:1.000.000 2010 Geomorphological map of 
Brandenburg ‘Geologische 
Übersichtskarte’.  

8 Geomorphology  Boer, W.M. de 
(1995)  

1:50.000 1992 Geomorphological map of the 
area between Luckenwalde and 
Golssen. 

9 Geology  University of 
Amsterdam 
Geoportal  

1:100.000 2004 Geology map Telow-Fläming 

10 Geology  University of 
Amsterdam 
Geoportal  

1:300.000 1997 Geology map of Brandenburg 

11 Geology  University of 
Amsterdam 
Geoportal  

1:25.000 1922 Geology map Preussen-
Luckenwalde 

12 Lithology  University of 
Amsterdam 
Geoportal  

1:50.000 1974 Lower Fläming lithology map (LKQ) 

 

 


