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Abstract  
Within the field of geomorphology the use of remote sensed imagery has been increasing. More 

often in geomorphological research digital data is being used. Therefore this paper explores the 

possibility to create a geomorphological map using just digital data. The research area mapped is the 

Central Baruth Ice-marginal valley. This area is located 40 kilometres south of Berlin in Germany. The 

area has an interesting geomorphological genesis, it lies between two terminal moraines that were 

deposited by glaciers during two different ice ages. The data used in this research consists of LiDAR 

data, aerial photos, orthophotos and premade Web mapping Services (WMS). The main research 

question is as follows ‘To what extent is it possible to geomorphological map an area using digital 

data?’. To answer this question accurately the geomorphological map contains macro-, meso- and 

micro-geomorphological landscape features. These maps are created using ArcGIS pro(2.7.2.). To 

further make use of digital mapping this paper explores the possibilities to optimize digital data. to 

do this several data conversion techniques are implicated resulting in the finding of three different 

river terraces which is in contrast with previous research. The findings in this research implicate that 

the certainty of geomorphological landscape features highly depends on the sources available and 

the dimensions of the landscape feature. Digital mapping is most optimal when mapping macro 

geomorphological features. Micro geomorphological features require fieldwork to confirm their 

presence.1 

 

 

 

  

                                                           
1  The picture visible on the cover is a triangular irregular network derived from LiDAR data used In this paper.  
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Introduction 
The use of remote sensed imagery has become of increased importance in the field of 

geomorphology. Since the availability of the first Landsat data there is less need to physically visit the 

site to map landscape features (Smith & Pain, 2009). Since this first launch, which was in 1972, the 

technological developments have increased drastically. There is a variety remote sensing data 

obtainable to use in this field of expertise. This research will primarily make use of LiDAR data. LiDAR 

data can be used to very precisely visualise the relief or absolute height of an site or landscape.  

 

Research area 
The aim of this research is to map the geomorphology of the assigned research area. The research 

area is located in the Central Baruther Urstromtal, specifically the area surrounding the city of Baruth 

which is located approximately 40 kilometres south of Berlin in Germany. This research is in line with 

another research conducted in 2020 by 6 students from the University of Amsterdam (UvA) In figure 

1, outlined by the red line, the area they have researched is seen. The area researched in this paper is 

adjacent to the area that was investigated in 2020, outlined by the blue line. Since this research is 

conducted by four students, the area is divided in strips. The strip that will come forth in this paper is 

outlined in black.  

The area’s geomorphology is dominated by a large valley which is a remnant of a peri-glacial river 

that flowed there during the Weichselian ice age (Marcinek, 1961; de Boer, 1995; Juschus, 2001). The 

ice-marginal valley lays in between 

two moraine landscapes of different 

age. The older moraine landscape 

which stretches further south is a 

remnant from the Saalian ice age. 

The respectively younger ground 

moraines were deposited during 

the Weichselian ice age. This glacier 

reached less far south, which 

caused it to not completely overlap 

the older moraine. Meltwater from 

the land icecaps primarily created 

the valley known as the ice-

marginal Valley. Since its formation, 

the valley has continuously been 

under the influence of more recent 

fluvial, aeolian and anthropogenic 

processes causing it to be a 

geomorphological divers area.  

Apart from naturally occurring geomorphological landscape features, anthropogenic landscape 

features will also be detected and classified. It is expected to find two different types of 

anthropogenic landforms, namely relict conflict sites and relict charcoal hearths. Firstly, relict 

charcoal hearths, these are remnants of pre-industrial charcoal kilns. The presence of these charcoal 

sites is very likely in this area (Meyer, 1997). Secondly, relict conflict sites. Until 1945 the 

Kummersdorf estate functioned as a weapons office during the second world war, the site was used 

for the development of weapons as well as being an artillery range (Fleischer, 1997). The Heidehof-

Figure 1:  research areas: 
 Red outline: research area 2020. 
 Blue outline: research area 2021. 
 Black outline: personal research area. 
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Golmberg training area, located in the south of the research area, has been actively used by Soviet 

forces until 1994 (‘NSG Heidehof-Golmberg’, 2019; ). The battle of Halbe also took place in the area 

in April 1945 (Le Tissier, 2007). It is therefore expected to find military relicts related to these 

occurrences. 

 

Light detection and ranging 
In this research light detection and ranging of laser imaging Detection And Ranging (LiDAR) data from 

the area will be examined. In order to do this, 30 tiles, each 2 by 2 kilometres have been bought by 

the UvA to investigate. The subject area in specific has never been researched in detail using this 

type of data, therefore the research can be of great historical and geoscientific relevance. The LiDAR 

point cloud data used in this research shows the height of the surface in extreme detail, from which 

relief can be derived. This LiDAR data will be used to create multiple maps to develop a more broad 

insight into the geomorphological activity in this area.  

 

These maps are made with ArcGIS Pro (version 2.7.2), a programme that is widely used in the 

scientific community for working with maps and geographical data. The maps to be created include a 

hillside map, slope map, aspects map and a digital elevation map. To maximize the relevance of these 

maps the convolution tool on ArcGIS will be used, this is an image processing tool which is used for 

sharpening, blurring and better edge detection. This will help to more closely study specific features 

and irregularities on the surface.  

To better analyse the area, more types of data will be taken into account. This is done to broaden the 

basis of the deductions made in the research. These types of data include aerial photos, orthophotos 

and premade Web mapping Service (WMS). These sources will be combined with scientific papers 

concerning the history of the research area. 

Research aim 
The main aim of this research is to create a geomorphological map of the research area. Due to the 

corona crisis and additional regulations, it was prohibited for tourists(students are considered 

tourists) to cross the border. Therefore the research had to be carried out without going to the site 

physically. This means findings will be primarily based on digital data. Since this is a limitation to 

some extent, this paper also explores ways to make optimal use of the data available. To do this 

several techniques, used to enhance remote sensing imagery, are discussed. The focus within this 

specialisation is to better visualise slight changes in relief and height. Improving this particular aspect 

of the data is needed to identify specific types of landscape features. The main research question is 

therefore: To what extent is it possible to geomorphological map an area using digital data? in 

addition to this the following sub questions will be answered.  

 What are the pros and cons of digital identification of geomorphological landscape features? 

 In what matter can digital data optimization be used in geomorphological mapping? 

 

Methodology 

 Pre-processing 
The primary source of data used in this research is LiDAR data. This raw data consist of xyz-ascii text 

files, which are converted into point clouds, the point clouds can subsequently be converted to 
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digital elevation models(DEM’s). A DEM contains pixels with different height values. In order to do 

this properly a series of three training courses provided by ESRI have been followed. Firstly, 

managing LiDAR data using las datasets, this course teaches how to organize las files, and learn 

different techniques to display LiDAR points. Secondly, managing LiDAR data using mosaic datasets, 

this course teaches techniques to optimize mosaic datasets and functions to enhance visualization 

from LIDAR data. Thirdly, managing LiDAR data using terrain datasets, this course teaches how to 

create terrain datasets and use in to visualize and analyse LiDAR datasets.  

The processed LiDAR data consist of 30 tiles which are 2 by 2 km. This area defines the boundaries of 

the area that is researched. The research was done with a team of four researchers, the tiles are 

divided between the four researchers. Therefore 5 tiles per person are assigned.  

The tiles were subsequently converted into four different types of maps, which form give a basic 

overview of the data from this area. Firstly, the digital elevation model map (DEM) was created. The 

map gives a raster representation of the surface. From this map the other 3 maps were derived. The 

slope map, the hill shade map and the aspect map.  

Geomorphological map 
Since this report is in line with the work of the six bachelor students of 2020, this new map has to be 

merged to the old map. To realise this the two maps were connected, and the symbology was 

adopted. The symbology in question contains elements of legends from the paper of Pachur & Schulz 

(1983) and the research of Frank (1987). ArcGIS provides 5 different geometry types. Of these three 

types are used, namely polyline, multipoint and polygon features. In order to add these features to a 

class, a code has to be given to every type of landform. The construction of these codes is done in a 

top-down fashion. Meaning that the first number is the broad classification following by a number 

linked to the specific landform, as shown in Figure 2 . Furthermore a wide variety of maps have been 

used that differ per specific land use feature, see appendix A.  

 

Figure 2:Code derivation for 13.6 and 13.13.1.   source: Schadee (2020, page 8) 
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Relict charcoal hearths  
 

In the identification of relict charcoal sites primarily the hill shade map was used. These charcoal kiln 

have been found in sizes 

ranging from 3 to 29 meters 

in diameter (Raab et. al., 

2019). On the hill shade 

map an RCH is visible as 

button shaped elevation on 

the surface, as seen in 

figure 3(Raab et. Al., 2015). 

To confirm if the object in 

question is an actual RCH 

fieldwork has to be done. A 

soil sample of an actual RCH 

will contain traces of 

charcoal(Raab et. Al.,2019). 

Since field work is not 

possible this year all 

findings will be classified 

as suspected relict 

charcoal hearths until further research can be done.  Research from De Nobel(2020) does indicate 

that RCH will most likely be found in this area. This is mainly due to the fact that the research area 

used to harbour a large amount of charcoal depended industries.  

 

Relict conflict sites 
 

To digitally identify the relict conflict sites several steps have been taken.  

First of all literary research has been done to identify regions that have an active military history. 

Within the limits of the research are lays the Heidehof-Golberg training area. The boundaries of this 

area were loaded into ArcGIS pro. This Heidehof-Golberg training area holds the most relict conflict 

sites. The abundance of RCS in this area made it that a baseline was created for different types of RCS 

to compare with suspected RCS from outside of the training area. Due to the fact that this area has 

been active during the second world war the rest of the research area has also been inspected for 

potential relict conflict sites. The baseline shapes according to the type of RCS are shown in the 

appendix. Since the map was connected to a geomorphological map created by a team of bachelor 

research students last year the symbology used in this map was derived from the research of De 

Nobel(2020), who extensively mapped and classified RCS in an area west of this area. 

Data management  
This research is as said before done with a team of researchers. To be able to access all new and old 

data a surf drive has been used. This is a platform for data storage that is accessible for all 

researchers. This data will also be available for students researching this subject in the coming years. 

Sharing data in this particular manner is in line with the FAIR principle. FAIR stands for findable, 

accessible, interoperable and reusable. The FAIR principle is a guideline for data management with a 

Figure 3: comparison of images depicting RCH,  a) digital orthophotograph of RCH group.   b) 
the same RHC group depicted in SRM.   c) sketch of a common RCH ground plan. (Royal forest 
district Tauer, Germany).  source: Raab et. Al. (2017, page 156) 
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focus on the sharing and reuse of research. By using the surf drive this principle is followed. Also our 

data will be shared on figshare. This is an open source platform were researches can share their 

research outputs.  

Imagery visualisation 
 

LiDAR data has many different applications, in this study it has been used to extensively map 

different features of the ice-marginal Valley. The reason that this research gives new insight in the 

area is that the LiDAR data used is more precise than what has been used in the past. It is therefore 

of importance to use this data and its possibilities to its full extend and potential. The visualisation of 

this data can be done in various ways to give a better representation of different aspects of the area 

that is being researched. In this research there is a focus on a flat part of the area were an ancient 

peri-glacial river used to flow. Slight changes in the surface are often difficult to visualise when using 

LiDAR data. Nevertheless the data does contain very precise measurements of the height of the 

surface. In this chapter(imagery visualisation) different techniques in imagery visualisation are 

explained and applied. The main purpose in this case is to give a better representation of old river 

beddings. However the application of these methods is not limited to this purpose and can be used in 

a variety of cases. 

DEM to shaded relief 
The DEM which stands for Digital Elevation Model, gives a plain visualisation of the LiDAR data. In 

most cases this is the main visualisation for LiDAR data.  This raster data set as seen in figure 5, uses a  

black and white colour scheme and does not give a  good impression of the relief on the surface. 

These two short comings of the DEM can be improved by converting the map to a shaded relief map. 

Doing this the map will give a visualisation of the hill shade and now there is the ability to base the 

colouring of the pixel values of RGB curves. The outcome is given in figure 4 .  

 

 

 

 

 

Figure 4: Digital Elevation Model  

 

Figure 5: Shaded relief map 
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Shaded relief DRA function 
The values of these pixels determine which colour the 

pixel is given within the colour scheme. This means that 

when a particular part of the map is zoomed in on the 

image doesn’t use the full extent of the colour scheme. 

Creating a new map which just covers the part that is 

being zoomed in on would avoid this problem. The 

colour scheme stretch would then be based on the 

values of the pixels in this part of the image. Since 

making a new map of the area is quite labour intensive, 

there is another function that enables the colour 

scheme stretch to adjust to the extent of the display instead of the whole image. This is called 

Dynamic Range Adjustment(DRA), this function will cause the colour scheme to be adjusted to the 

extent of the display. This way every time a particular part of the map is zoomed in on the colouring 

scheme will readjust to the pixel values within the display, the map is shown in figure 6.  

 

Shaded relief Esri stretch type 
Since the map now uses the RGB bands to visualise height differences more adjustment are possible. 

One of these is to use the Esri stretch type. This option is not available when the stretching type was 

set to a colouring ramp. Adjusting the stretch type causes ArcGIS to recalibrate the histogram 

contrast stretching. The Esri function causes the image to highlight the impact of moderate values 

while minimizing the impact of extreme high and low values. The result is that the contrast between 

small changes in height is accentuated as seen in figure 7. 

 

 

 

 

 

 

 

 

Convolution 
In the past years a lot of studies have been conducted to restore or visually improve satellite images. 

A wide variety of mathematical image models are used to improve satellite images. ArcGIS pro offers 

one of these, the convolution tool. This tool can enhance an image in different ways. Convolution is a 

kernel based approach. This means it creates a kernel filter to adjust the pixel values in the image. 

The central number in the matrixes is the number that multiplies by the pixel value in question. The 

rest of the numbers are multiplied by the pixel values of the adjacent pixels coherent with their 

relative position in the matrix. All these values then are added together, this sum is then the new 

value of the pixel that was calculated.  This way every pixel value is connected to the values of the 

Figure 5: shaded relief map, Esri and DRA implicated.  

Figure 4: shaded relief map, with DRA implicated 
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pixels that surround it. That is why this approach, in this case, enables the possibility to increase the 

sharpness or smoothness.  

In this case several matrixes have been applied in an attempt to visualise the river beddings in the 

Baruth Urstrumtall as best as possible. From these, four different matrix possibilities gave the best 

visual enhancement. The matrixes are shown in table 1, 2, 3 and 4 with the visual outcomes in the 

adjacent figures.  

. 

Tabel 1: smoothing 3x3 

1 2 1 

2 4 2 

1 2 1 
 

 

 

 

 

 

Tabel 2: sharpening 3x3 

-1 -1 -1 

-1 9 -1 

-1 -1 -1 

 

 

 

 

 

 

 

Tabel 3: smoothing 5x5 

1 1 1 1 1 

1 4 4 4 1 

1 4 12 4 1 

1 4 4 4 1 

1 1 1 1 1 
 

 

 

 

Figure 7: sharpening 3x3 

Figure 8: smoothing 5 x 5 

Figure 6: smoothing 3 x 3 
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Tabel 4: sharpening 5x5 

-1 -3 -4 -3 -1 

-3 0 6 0 -3 

-4 6 21 6 -4 

-3 0 6 0 -3 

-1 -3 -4 -3 -1 

 

 

The images show the four different effects the different 

matrixes have on the image. The two options where the 

smoothing matrix has been used give a less pixelated image, 

but in this case, it does not improve the visibility of the 

edges of the different river beddings. The sharpening 

matrixes give a more pixelated view of the landscape. 

  

Figure 9: sharpening 5 x 5 
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Results 
 

The results consist of five parts. The first three parts will consist of the results regarding the macro-, 

meso- and micro-geomorphological map. The fourth chapter consist of the relic charcoal heart that 

was found in the south of the research area. The fifth part will describe the findings in the ice-

marginal valley concerning the different river terraces found.  

 

Marco-geomorphological map 
  

The north of the strip is dominated by medium fine sand deposited due to fluvial accumulative 

processes that occurred here during the Weichselian ice age. From the slope map the end of the 

Baruth Sander is derived due to a large dip in height of approximately 20 meters over a lateral 150 

meters and the beginning of a respectively flat area. The valley was eroded due to fluvial processes 

therefore the lithology type mainly consists of loamy sand. South of the ice-marginal valley the 

lithology changes to medium fine sand. The sand originated after the retraction of the glacial ice. 

Forces of the ice and meltwater caused larger pieces of rock to be broken down in to finer 

sand(Zuidervaart, 2020). This finer sand could then be moved by wind until a wetter and warmer 

climate caused for more vegetation growth which stopped the migration of the sand(de Boer, 1995, 

2000). This also leads to the Aeolian classification. 

 

 Figure 10: Macro-Geomorphological map 
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The area further south is classified as ground moraine. This classification is based on 2 separate 

photographs of excavations, both visible in appendix A.  The first picture is at Klein Ziescht, in this 

excavation river deposits are visible. These deposits lay diagonal instead of horizontal.  This indicates 

that these layers were pushed sideways. The second picture is taken at Gross Ziescht which is located 

south of the research area. Between the layers of sand and clay a large bolder is visible. Large 

boulders are found in the deposit of glaciers known as ground moraine. On the basis of these findings 

the higher part between Klein Ziescht and Gross Ziescht is classified as ground moraine (Wesselman , 

2021). 

Meso-geomorphological map 

 
The main roads and the railroads are classified in the meso-geomorphological map. These landscape 

features are positioned in a way that they barely cross the Baruter-Urstromtal, this occurrence is 

explained by the fact that  soil in the valley is wetter than the surrounding soil. This being more 

difficult to maintain as a road or train track has caused these features to concentrated away from the 

valley. From north to south the first dunes occur just above Klein Ziescht. These dunes have been 

altered by excavations. Therefore the shape and type of these dunes is difficult to derive. The overall 

shape has longitudinal dimensions but within these dunes parabolic shapes are found when looking 

at the ridges (Bakker,2021). Secondly parabolic dunes are found on the ground moraine. 

Classification of these dune are derived from the shape visible on the hill shade map and are 

exemplary for parabolic dunes (de Boer, 2000). Figure 15 show these parabolic dunes with the 

dominant wind direction indicated by the red arrows. Figure 14 shows the longitudinal dunes. 

 

 

Figure 11: Meso-Geomorphological map 
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The hydrological features are mostly man made, in the valley a large amount of artificially drainage 

ways are found. The lay adjacent to the agricultural fields and are in straight lines. Two artificial 

water reservoirs are located south of the valley. The ground level is higher here, this in combination 

with a more dry soil type is likely to cause for the need to construct these lakes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 13:parabolic dunes, located south in 
the research area. 

Figure 12: the longditudianal dunes, located 
south of the valley.  
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Micro-Geomorphological map 
 

In the north of the area an alluvial fan is located on the Baruth Sander. Alluvial fans are deposition 

areas for debris flows and sediments(Cavalli & Marchi, 2008). These formations are visible in the 

DEM by a distinct dip in elevation on a downwards sloping area. Two of these landscape features are 

also visible further south in the research area located on the ground moraine. 

South of the valley dune ridges re represented by yellow lines. Dune ridges are the highest point of a 

dune and can therefore assist in identifying the type of dune. These dune ridges were derived from 

the hill shade map and the aspect map. 

The micro-geomorphological map legend also contains RCS, after close inspection of the area no 

formations were found that indicate RCS. 

 

 

 

 

 

  

Figure 14: Micro-geomorphological map 
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Relict charcoal hearths 
 

RCH range in size, as discussed in the methodology, between 3 and 29 meters.  Because of these 

small dimension whole research area was inspected using a 1:1500 display extent. To enhance the 

visibility of these RCH the hill shade map was optimized in a way that increases the visibility of 

smaller irregularities in the relief. To do this the dynamic range adjustment(DRA) was turned on and 

the stretch type was set to Esri. DRA will cause the stretch type to adjust based on the pixel values in 

the display instead of the pixel values of the whole map. Esri histogram stretching will cause the 

contrast between moderate 

pixel values to be highlighted 

and the contrast between 

extreme high and low values to 

be minimized. Doing this 

improves the visibility of small 

irregularities in the relief. In the 

south of the research area a 

small group of suspected RCH 

was found as seen in figure 17. 

The base for this conclusion is 

their shape, in comparison of 

RCH confirmed by Raab et. 

al.(2019). After classifying by 

shape a profile graph was drawn 

of a random selection of the 

suspected RCH. This graph 

shows the diameter and height 

of the suspected RCH. These 

graphs were subsequently 

compared to the graph of an 

common RCH which is based on 

the findings of Romar(2020). In 

total 10 different suspected RCH 

were found in this area.  

 

 

 

 
 

 

Figure 17: group of suspected RCH 

Figure 18: profile graph of common RCH      source: Romar(2020) 
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Convolution based shaded relief map 
The map created by optimizing the 

visualisation of the LiDAR data shows 

different levels of height, as seen in figure 

19. This visualisation implicates that not 2 

but 3 river terraces can be identified in this 

area. As depicted in the profile graph, 

appendix A. The three levels of height are 

derived and shown table 5, were the 

terrace 1 is the youngest and 3 the oldest. 

Juschus(2001) described two terraces in 

this specific area. In his paper the height of 

the youngest terrace is between 54 and 55 

meter. The estimation for the oldest 

terrace is between 63 and 56 meters. The 

difference is observation is due to the new data available. 

Conclusions from the paper written by Juschus were mainly 

based on fieldwork. Therefore details in the landscape are 

difficult to recognise, in this case the height differs just half 

a meter. In the field this distinction is difficult to 

apprehend.  

 

Discussion 
The research question asked in this paper was: ‘To what extent is it possible to optimize digital data 

in order to research the geomorphology of an area?’. The geomorphology and features mapped in 

this research vary in size and properties. Therefore the digital mapping potential differs per feature. 

Some features are in line with previous research, some of the features are hard to be defined with 

certainty in this manner and therefore need fieldwork for closer inspection.  

Creating the geomorphological map using just digital data and information is possible but some 

problems do arise. A large part of the marco-geomorphological landscape features in the research 

area have already been mapped in great extent. Our findings were therefore primarily based on a 

variety of premade WMS servers, LiDAR data and orthophotos. These sources were used to revaluate 

these maps. In the macro-geomorphological map there were little to no large contradictions found 

with previous similar research in the area(Juschus, 2001; de Boer, 1995). This is increases the 

probability of the map being correct. However some aspects of the methodology does raise 

questions. For instance many maps used are built to give information regarding a large scale area. A 

few of the geomorphological overview maps were created on a 1:100,000 scale. This is also known as 

a regional scale and is therefore not precise enough to be used on smaller areas. Furthermore the 

geological map is created on the basis of soil drillings. These soil drilling are often conducted ones per 

square kilometre (Schadee, 2020, page 18). Both these components subtract from the precision of 

the macro-geomorphological map.  

The micro geomorphological map contains features that mostly need fieldwork to be identified. First 

of all the RCH, in previous studies digital research has been conducted to identify RCH. BSc student in 

2018 and 2019 have identified RCH in a similar fashion as done in this research. Fieldwork led to a 

Terrace 1 54 < 

Terrace 2 54 – 54.5 

Terrace 3 >54.5 
Tabel 5: terrace heights in meters, Baruth ice-
marginal valley, directly east from Baruth. 

Figure 15: river terraces numbered in the Baruther ice marginal-valley 
east of Baruth 
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50% accuracy rate. Since the methods used are similar, this success rate has an implication for the 

accuracy of the RCH found in this research. A 50% accuracy of the RCH is extremely low and 

therefore the data collected on RCH is highly questionable until further research in the area.  

The RCS were extensively mapped in the Heidehof-Golberg training area. Due to their location it is 

quite certain that the formations are in fact military related. However to say with certainty which 

type of military function they served, proved to be more difficult. Especially regarding the 

classifications; bunker, dug-out and foxhole. They are quite similar in the way they are portrayed in 

the hill shade map. Research from BCs students from 2020 did indicate some difference in their 

dimensions(de Nobel,2020). However these formation can vary greatly, causing the accuracy to 

reduce.  

The visualisation techniques have proven to be useful in identifying 3 river terraces in the area 

researched. This discovery differs from past research regarding the river terraces in this area. 

Juschus(2001) found in the whole Urstromtal 4 river terraces that can be identified. However in this 

specific part he found 2 river terraces. The main problem with conclusions based on the visualisation 

in this research is that this data only covers a 2 km span of the Urstromtal. To say if these terraces 

span further than just this area would be premature. Therefore these findings are only substantial in 

this specific area. Furthermore this visualisation is still limited and does not use the full extent of the 

data used. First of all the colour stretch has not been utilised to its full potential. The DRA Function 

does help to minimize the impact of the higher areas. Still within the display extent some dune 

formations in the south are influencing the colour sketch. To avoid this problem a new data set has 

to be created that only contains the ice-marginal valley. Also the histogram stretching could be 

optimized in a manual way. In this research an automatic stretch, the Esri function, is used. It can be 

far more effective to manually create a histogram stretch specifically made for the pixel values within 

the Ice-marginal valley.  

 

 

Conclusion 
The result of this research is an extensive geomorphological map. The map contains a wide variety of 

landscape features varying in three different scale sizes. This gives the possibility to answer the 

research questions which lead to the research. First the sub questions will be discussed, thereafter 

the main research question can be answered. 

 What are the pros and cons of digital identification of geomorphological landscape features? 

First of all, the pros of digital research. Since the research can be largely done from home there is less 

cost involved. Fieldwork requires transport to and on location as well as accommodation, food and 

proper gear. Also the time needed to conduct research is drastically reduced. The time spend 

planning field work and going to the site is no longer needed. This means that the extra time gained 

can be used for a variety of additions to the research, such as a more extensive literature research. 

The cons however are quite comprehensive. The reliability of the map created is largely depended on 

the accuracy of the sources used. Fieldwork enables the actual conformation of landscape features. 

In what matter can digital data optimization be used in geomorphological mapping? 

In this paper data optimisation was primarily researched to improve the visibility of the ice-marginal 

valley near the city of Baruth. This resulted in new insights in the geomorphological history of the 
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area. In this case just a few techniques are implicated to create this new insight. This leads to believe 

that data optimization can be a big contribution in this field of study. The application of the 

techniques describes in this research can be used for the mapping of a multitude of landscape 

features that are indicated by small relief changes. The variations in data optimization and 

visualisation are very wide spread and can therefore also be used to research objects with different 

dimensions.  

To what extent is it possible to geomorphological map an area using digital data? 

Although the map created is of scientific relevance, actual fieldwork is still needed to confirm many 

different landscape features. Most of the macro landscape features are very accurate, they are in line 

with a variety of scientific sources based on fieldwork. Specifically researching this area on a small 

scale did also enhance the detailing of the geomorphological features. For the landscape features on 

a smaller scale, it is still difficult to conclude with certainty if they are there. For example the RCH as 

classified by BSc students in 2018 and 2019 had a 50% accuracy rate after fieldwork was conducted. 

Although multiple sources and maps indicate the presence of these landscape features, fieldwork is 

still needed to confirm these formations with certainty. The extent of the possibility to 

geomorphological map an area is therefore limited to large scale land features.  
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Appendix 

Appendix A 

 

Figure 16: military structures. example visualisation.    from left to right; hill shade, orthophoto, DEM 
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Figure 17 bunker/dug-out, roadside. example visualisation.      from left to right; hill shade, orthophoto, DEM 

 

Figure 18: bunker/dug-out/foxhole. example visualisation.     from left to right; hill shade, orthophoto, DEM 
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Figure 19: fire trench. example visualisation.   from left to right; hill shade, orthophoto, DEM 
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Figure 20: Baruth Ice-marginal valley visualised in a DEM 

 

Figure 21: Baruth Ice-marginal valley visualised in a shaded relief map. 
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Figure 22: Baruth Ice-marginal valley visualised in a shaded relief map, with DRA function turned on.  
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Figure 23:Baruth Ice-marginal valley visualised in a shaded relief map, with DRA and esri function turned on. 
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Figure 24:Baruth Ice-marginal valley visualised in a shaded relief map, with DRA function turned on. Convolution tool applied 
with 5 x 5 'smoothing' matrix 
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Figure 25: Baruth Ice-marginal valley visualised in a shaded relief map, with DRA function turned on. Convolution tool 
applied with 3 x 3  'smoothing' matrix 

 

Figure 26: Baruth Ice-marginal valley visualised in a shaded relief map, with DRA function turned on. Convolution tool 
applied with 3 x 3 'sharpening'' matrix. 
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Figure 27:  Baruth Ice-marginal valley visualised in a shaded relief map, with DRA function turned on. Convolution tool 
applied with 5 x 5 ''sharpening'' matrix. 
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Figure 28: Excavation site near Gross Ziescht, source photgraph by Thijs de Boer 2014. 
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Figure 29: exavation near Klein Ziescht,   source: Juschus(2001) 

 

 

Figure 30: profile Graph Baruth Ice-marginal valley 
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Appendix B 
 

Macro 
Fluvioglacial ground 
moraine GÜK-100 Teltow flaming 

 

Fluvioglacial terminal 
moraine GÜK-100 Teltow flaming 

 Fluvioglacial erosive GÜK-100 Teltow flaming & Contour 

 

Fluvioglacial erosive 
valley GÜK-100 Teltow flaming & Contour & DEM 

 Aeolian Satelite imagery, GÜK-100 Teltow flaming, Aspect, DEM 

 

Anthropogenic 
Structures Satelite imagery, DEM 

 

Anthropogenic 
Influenced Satelite imagery 

 Loamy sand 

Bodenarten und Substrate – INSPIRE View-Service (WMS-LBGR-

BOARTSUBSTR 

 Lowland Peat 
Bodenarten und Substrate – INSPIRE View-Service (WMS-LBGR-

BOARTSUBSTR 

 Sand medium fine 
Bodenarten und Substrate – INSPIRE View-Service (WMS-LBGR-

BOARTSUBSTR 

 Sand fine 

Bodenarten und Substrate – INSPIRE View-Service (WMS-LBGR-

BOARTSUBSTR 

Meso Hydrology DEM, Hillshade, Satalite imagery, WMS BB-BE DTK10 Farbe 

 Dunes DEM, Aspect 

 Roads WMS BB-BE DTK10 Farbe 

 

Valley & drainage 
ways DEM, Aspect 

Micro Roads WMS BB-BE DTK10 Farbe 

 Military DEM, Hillshade, ingescande kaart  

 Houses https://download.geofabrik.de/europe/germany/brandenburg.html 

 Dunes DEM, Aspect 

 Landforms DEM  

 

 

 

https://download.geofabrik.de/europe/germany/brandenburg.html
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Figure 31: devolopment of the geomorpology map and symbology.   Source: Melger (2021) 

 


