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ABSTRACT 
Geomorphologic processes have been 

investigated intensively but not everything is 

fully understood. Understanding these processes 

is important for planning (sustainable) 

development within those landscapes. Eastern 

Germany’s geomorphology is characterized by 

the remnants of processes from the periglacial 

and glacial periods of the quaternary ice ages. 

Aeolian depositions, such as dunes, characterize 

the area. However, dunes are being exploited as 

a source of sand and therefor become 

unidentifiable over time. In response to this, 

LiDAR data was searched for small unidentified 

singularities. This study focuses on the 

identification of geomorphological structures, in 

particular parabolic dunes, with the use of LiDAR 

data. By studying different land surface 

parameters (LSP’s) of the LiDAR data, two 

presumed dunes were found and chosen as 

study objects for the research. The dunes were 

investigated with three different methods. First, 

a comprehensive literature study was performed 

to research the morphogenetic history. Second, 

the soil characteristics of the presumed dunes 

were investigated by performing field work. New 

aerial images were captured during fieldwork 

with a drone. Third, the surface features that 

were stored in the LiDAR data were analyzed. 

The presumed dunes share similar soil 

characteristics and surface features. It was 

concluded that the identification of 

geomorphologic features, solely based on LiDAR 

data, is not accurate. However, LiDAR data is 

very useful for mapping shapes and different 

surface features. 
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Introduction 
The many geomorphological shapes of the earths’ surface, widely known as landscapes, are formed 
by processes over long or shorter periods of time. According to Griffiths et al., (2011), the research 
and understanding of these processes is important for urban planning and (sustainable) development 
within those landscapes. Visualizations such as maps are required to better understand the situation 
and thus the processes. The combinations of field maps, aerial photography and Light Detection and 
Ranging (LiDAR) data can be useful for various scientific purposes such as, sustainable development, 
hazard and risk management and for landscape evolution analysis (Vannametee, et al., 2014).  
 Because of the wide range of geomorphological features and an interesting morphogenic 
history, the Baruther Ice-marginal valley in northern Germany has already been researched 
intensively. The landscape of the so called Baruther Urstromtal was formed during the different 
stages of the late Pleistocene. Both glacial and periglacial stages have resulted in the formation of a 
moraine landscape. This landscape is distinguished aeolian formations such as dunes (De Boer, 2015). 
The geomorphology of this specific area has been investigated for various purposes. However, there 
are still shapes and objects that need to be identified in order to fully understand the processes that 
created the landscape as it is now. Previous studies were for example on the parabolic dune 
sequence north of Horstwalde (De Boer, 2000) and more recent on aeolian dynamics and 
pedostratigraphy (Hirsch, et al., 2017). Besides that, a few self-contained objects have also been 
investigated, among which a LiDAR based research on a parabolic dune remnant near Schöbendorf 
(De Boer, 2015). The dunes in this area have been exploited by humans as a source of sand and 
therefore, many are disturbed and will become unidentifiable over time (De Boer, 2015). In response 
to this, LiDAR data of the Baruther Ice-marginal valley was studied on single objects that were 
standing out in the images. Two small singularities were noticed and selected as study objects.  
 In this research, two presumed parabolic dunes are studied and described. This will be 
conducted by comparing research methods of LiDAR data analysis, soil research and capturing new 
data with a drone. Comparing those methods will provide an elaborate view of the study objects and 
therefore a better understanding of the processes that created the landscape as it is now. 

Theoretical framework 

Study area and morphogenetic history  
 As previously mentioned, 
the research area is located in 
Brandenburg, northern Germany. 
More specific, the area is limited to 
a small section of the Baruther 
Urstromtal or the Baruther Ice-
marginal valley, between 
Luckenwalde and Baruth/Mark and 
north of Lynow (figure 1).   
 The valley was formed by 
three successive processes: The first 
process is deformation caused by 
ice cover during cold stage of the 
ice ages. The ice sheet advantage in 
the research area is called the 
Brandenburger stage. This stage is 
the southernmost ice marginal position 
of the Weichselian age (Lüthgens, et al., 

Figure 1: Morphology of the Baruther Ice-marginal valley. The study area is located within 
the red circle. Source: De Boer, 1995b 
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2010). The estimated time frame ranges from 24.000 BP to 20.000 BP. This process resulted in the 
deposition of fine loose material and creating the end moraines. The second process was the 
retention and melting of the ice cover during the warmer periods of the ice ages. This process 
created the valley between the deposited materials. The third process was an aeolian process, 
creating the dunes and distinguishing the landscape (De Boer, 1995), (Juschus, 2001). The vast 
majority of the sand in this area is deposited during the Weichselian age, between 22-18 ka (Scheib, 
et al., 2014). 
 The valley consists of four terrace levels, characterized by different elevation levels above sea 
level. The first level is the ‘Oldest Baruther Ice-marginal valley”, which corresponds with the 
maximum extent of the Weichselian ice sheet (75-60 m). The second is the “Older Baruther Ice-
marginal valley” at 63-55 m. The third one is the “Younger Baruther Ice-marginal valley” at 55-50 m. 
The fourth and last one is the “Youngest Baruther Ice-marginal valley” at <50 m (Hirsch, 2017). The 
presumed parabolic dunes, the study objects in this research, are located in the Younger Baruther 
Ice-marginal valley, between 50-55 meter above sea level (De Boer, 1995a).  
 The aeolian sands that occur in the study area and throughout northern Europe is called the 
‘European sand-belt’ (Zeeberg, et al., 1998). The aeolian dynamics during the Holocene were studied 
by Tolksdorf & Kaiser (2012). The aeolian activity is assumed to be caused by both natural processes 
such as fire and browsing of herbivores and human impact. An example of human impact is 
intensified agricultural activity. Dating records based on findings of the late Bronze Age, indicate that 
during that time, a remobilization of sands by aeolian activity occurred (Hirsch, 2017). Paleo-surfaces 
of that time can be found under a layer of aeolian sands (Tolksdorf & Kaiser, 2012).  Two important 
marker horizons for dating, are the Usselo and Finow horizons discussed by Kaiser (2009). These 
layers are both former surface soils and were developed during younger Dryas in the Late glacial 
period or more specifically during the Allerød. The Finow soils are characterized by brunification and 
weathering of organic material and the Usselo soils are characterized by enrichment of organic 
material (Hirsch, 2017).  Figure 2 shows the dating that corresponds with the aeolian phases. The 
Usselo and Finow soils were fossilized by the Younger Coversand II during the Younger Dryas (Kasse, 
et al., 2002). Geomorphic 
evidence indicates prevailing 
westerly winds during the 
Older and the Younger Dryas 
and were mentioned in studies 
of Zeeberg, et al., (1998) and 
van Huisssteden, et al., (2001). 
The effects of the aeolian 
activity and dune formation 
during the Younger Dryas were 
less relevant in eastern 
Germany than during the Older 
Dryas (Kasse, 2002). Therefore, 
the aeolian depositions in the 
Urstromtal are either 
transformed or migrated dunes 
from the Older Dryas. These 
aeolian depositions, called 
Younger Coversand I, were 
transported with a 
northwesterly wind (Kasse, 
2002). 
 

Figure 2: Aeolian periods in the central European Lowland. Source: Kaiser, et al., 2009 
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Parabolic dunes 
 Parabolic dunes are U-shaped dunes with 
elongated arms that are formed upwind/along with 
the wind direction (figure 3). Unlike barchan dunes, 
the nose of a parabolic dune points downwind. The 
dune migrates along with the wind direction as sand 
blows towards the backslope, moves over the crest 
and is deposited on the slipface/lee slope. The arms 
of a parabolic dune can be anchored by vegetation 
and are therefore able to extend up to kilometers in 
length, in contrary to the moving and less vegetated 
center part of the dune (De Boer, 2015a) (Pettinga & 
van Dijk, 2008). Parabolic dunes are abundant in the 
study area, as they have been investigated and 
identified in several researches (de Boer, 2000) (de 
Boer, 2015). According to Hugenholtz’ research in 
2009, parabolic dunes in inland settings are closed systems, where the sediment supply is originated 
either from underlaying older deposits or from other aeolian deposits downwind (Hugenholtz, et al., 
2009). This corresponds to the findings of Kasse (2002) and this indicates that different levels of 
aeolian deposits can be found in the Baruther Urstromtal. 
  

LiDAR mapping 
 In addition to field observation and aerial photography, information can also be obtained 
with the use of airborne Light Detection and Ranging (LiDAR), which is a laser scanner carried by a 
plane, fixed-wing drone or a bigger Unmanned Arial Vehicle (UAV). This method measures the 
reflection time of laser pulses that are shot to the earths’ surface with an accuracy of 10-30 cm 
(Carter, et al., 2012). The reflection time represents distance and by adding GPS data, it is possible to 
geolocate the measurements in a three-dimensional space (x-, y- and z- location). The LiDAR scanner 

differentiates four levels of the return of the reflection (figure 4). 
In case of researching geomorphological structures, the last 
returns provide the most useful image of the area because they 
represent the elevation of the surface (ibid.). This innovative 
technique allows researchers to collect accurate data in a relative 
brief time (Woolard, et al., 2002). In this research, LiDAR data of 
the study area is used to analyze and search the area for 
geomorphological structures that are not included on existing 
geomorphological maps and to map those as accurate as 
possible. It is also used for calculating feature statistics of the 
area.  
 Unmanned aircraft systems (UAS), or so called-drones, are a 
relatively new method for data collection. This method gathers 
data by making high-resolution overlapping photographs. These 

images can be processed into a digital terrain model (DTM) with the use of conventional 
photogrammetry (Hugenholtz, et al., 2013). Conventional photogrammetry is based on calibrated 
cameras that define the relative location of the images. Nowadays, this can be done more efficiently 
by using image processing algorithms. These algorithms are similar to conventional photogrammetry 
but are automated to make data processing more efficient (Nex, et al., 2014). The base principle of 
photogrammetry is triangulation, which is determining a 3D location of points by forming triangles. 
  

 
Figure 3: The schematic plan and side view of a parabolic 
dune. Source: Pettinga & van Dijk, 2008 

Figure 4: Number of returns of the laser pulse. 
Source: GISGeography.Retrieved on May 15th 
from http://gisgeography.com/lidar-light-
detection-and-ranging/ 
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Relevance and research questions 

Relevance/previous studies 
 This research is not conducted out of scientific importance but rather out of scientific 
interest. On a large scale, geomorphologic research can contribute to better understand the 
underlying processes. On small scale, like the two presumed parabolic dunes, a study merely 
provides a comprehensive description of the area, which can be used for landscape planning, 
updating of existing maps and for the relative dating of the Younger Baruther Ice-marginal valley.  

Research questions and objectives 
 This research focusses on the morphogenesis of parabolic dunes in the Baruther Ice-marginal 
valley, both with the use of the LiDAR data in ArcGIS and with field/soil research. The aim of the 
research is to verify the presumption that the structures are indeed two adjacent parabolic dunes 
and to further investigate the morphogenesis and therewith to date the dunes. The following 
research question was created: 
 

“To what extent is LiDAR data useful for mapping the geomorphology of the Baruther Ice-marginal 
valley, north of Lynow?” 

 
This question will be answered by first conducting fieldwork and successively conducting LiDAR data 
analysis. To answer the research question, three sub-questions were formulated: 
 

1. “What is the morphogenetic history of the aeolian depositions in the Younger Baruther-Ice 
marginal valley?” 

2.  “What are the soil characteristics of the presumed parabolic dunes north of Lynow and what 
are the similarities between them and an identified parabolic dune north of Schöbendorf? 

3. “To what extent do the features of the presumed parabolic dunes correspond to the features 
of an identified parabolic dune west of Schöbendorf?” 

 

The first sub-question is a preliminary question and will be answered while conducting literature 
research. This is relevant for understanding the processes that are involved in the morphogenesis of 
the study area. The second sub-question is important for validating whether the study objects share 
similar soil characteristics and this will be answered during fieldwork. The third sub-question will be 
answered after field work. This question is important for validating whether the study objects have 
corresponding surface features. 

Method 

Materials 
 In this research, the following materials and software will be used: 

• ArcMap 10.4.1 (software) 
• MATLAB R2016b (software) 
• Drone Deploy (software) 
• LiDAR data (geodata set) 
• Fieldwork set (auger, shovel, sand ruler) (field equipment) 
• Yuma-2 tablet (field equipment) 
• DJI Phantom 3 (field equipment) 
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Literature studies 
 Literature research is conducted to fully understand the aeolian processes regarding dune 
formation. This is necessary to differentiate a dune from another geomorphologic object or 
structure. Literature study is also needed to understand the known processes that formed the 
landscape within the Baruther Ice-marginal valley and thus the parabolic dunes in that area. Previous 
studies of De Boer (1995a; 2000; 2015), Juschus (2001; 2010) contain key information on that 
subject. To understand the soil profiles obtained during field work, literature is used as a source for 
comparison. For example, Hirsch (2017) and Kaiser (2009) studied aeolian formations and 
pedogenesis in the Baruther Ice-marginal valley and has therewith dated paleosols. 

Data pre-processing 
 To create a sufficient dataset for analysis and to gain knowledge about the research area, 
topographic preparation was conducted by using ArcGIS. In this phase, the LiDAR data was collected 
and stored in a dataset. The LiDAR data used for this research consist of three tiles of 2x2 km2. It was 
provided by the University of Amsterdam as .LAS files and were, for data pre-processing, stored in a 
LAS dataset. By using the LAS-tools available in ArcMap, the files were converted into digital surface 
models (DEMs), which was useful for visualizing elevation. The various land surface parameters 
(LSPs) of the LAS data were analyzed separately. For example, by using the basic LAS toolbar, the 
data was visualized as an elevation map, a hill shade map, an aspect map, etc. Particularly the aspect 
map was convenient for analyzing geomorphologic structures, and was also used by De Boer in his 
study on a parabolic dune remnant (De Boer, 2015). The created dataset also includes different 
topographic maps which were necessary to determine the drill point locations.    
 As mentioned before, the data was provided in three tiles. The study objects are located in 
those tiles. The presumed dunes dune 1 and dune 2, located in tile 33388_5768, are located 
approximately 1 km north of Lynow. A comparative third location dune 3 (identified as parabolic 
dune by de Boer (2015)), is located in tile 33390_5768, is approximately 2 km east of the first 
location. This location was only used in the statistical analysis of dune features. A comparative forth 
location dune 4, located in tile 33392_5768, is approximately 2 km northeast of dune 1 and 2. This 
last location was visited while performing field work and a soil profile was created. For dune 1, 2 and 
3, a polygon was created, based on the LAS data. These polygons were drawn by hand in ArcGIS, 
based on the contours of the elevation map. The polygons of the dunes can be seen in figure 5. 

Figure 5: Elevation map derived from the three .las tiles and dune 1, dune 2 and dune 3. 
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A clear visualization of the study objects is important for orientation in the field, therefore, maps 
were created in the early stage of the research. Drill point locations were determined beforehand to 
optimally use the fieldwork time. These specific points were chosen for verifying the location of the 
dunes as they were observed on the LiDAR data. For example, on dune 1, dune 2 and dune 4, a soil 
profile on the approximate highest point was created. For the two presumed dunes, profiles on the 
arms and in between the arms were obtained. 

Field work 
 Part of the research is conducted in 
the field by creating soil profiles with the 
use of an auger and a shovel. The profiles 
and soil characteristics are important for 
the relative dating of the parabolic dunes 
and for tracing the genesis of the dunes. 
The data collected during field work was 
stored on the Yuma-2 tablet. The GPS 
function of the tablet was also used for 
field orientation. The data consist of 
coordinates, remarks on the area, and an 
elaborated soil profile. Figure 6 shows the 
locations of the created soil profiles. Profile 
12 on dune 4 can be found in figure 8. An 
overview of the soil profiles can be found 
in appendix 1. In addition to the soil 
research, new data was obtained by 
capturing images with a drone. These 
images were processed with Drone Deploy 
to create a new point cloud and an 
elevation model. Because of technical 
difficulties, this data was only used as an 
overview of the research area. The 
limitations of the method used are 
discussed in the discussion. 

Data processing: Dune mapping 
 To compare the two presumed dunes (dune 1 and dune 2) to an identified parabolic dune 
(dune 3), the feature statistics of all three dunes needed to be calculated. Therefore, the LiDAR data 
of the shape (outer line) of the dunes had to be extracted. Polygons of the presumed dunes were 
created to clip the LiDAR data. Rather than analyzing a LAS dataset, a terrain dataset was created to 
calculate the statistics. This method was chosen because it is an efficient method to analyze surface 
data. The steps were derived from Esri’s course on creating a terrain dataset from LiDAR data and 
based on the ‘New Terrain Wizard’. The workflow is available in appendix 2.1. 
 The terrain dataset was build out of the three mentioned .LAS tiles. Based on this dataset, a 
surface slope terrain feature and a surface aspect terrain feature were created. These features were 
clipped to the polygons of the dunes. By extracting the feature data to the dune polygons, it was 
possible to calculate the percentages of the different slope gradients and flat/slope orientations for 
each individual dune. This was used to compare the identified parabolic dune 3 to the two presumed 
parabolic dunes north of Lynow, dune 1 and dune 2). Not only the percentages of the slope gradients 
and flat orientations were used to compare the dunes, also a 2-sampled t-test of the means was 
executed. This test calculates whether the means of two populations, and here of the slope/aspect 

Figure 6: Drill locations/profile locations on dune 1 and 2 based on GPS 
coordinates. 
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codes, differ significantly. The script that was used to visualize and calculate the feature statistics can 
be found in appendix 2.2. 

Results 

Field work 
 In between the arms of dune 1 and 2, similar profiles were found (appendix 1, profiles 4 and 
10). These profiles are characterized by a thick humic A horizon, formed directly on sand layer. This 
profiles strongly resemble the Gley-braunerde soil, described in the Legende Bodenübersichtskarte 
1:300.000 (BÜK 300) and are classified as gleysols. However, the organic layer in both profiles is less 
thick and developed as the Gley-braunerde soil. The profiles on top of dune 1 and 2 were also similar 
(appendix 1, profiles 2 and 8). A thick dark humic A horizon was formed directly on the sand layer. In 
both profiles, dark spots with organic material was found throughout the sand layer. In profile 2, this 
was a more distinct layer. Profiles 2 and 8 resemble the Braunerde soils, described in the BÜK 300 
and are classified as haplic arenosols. The profiles of the arms of dune 1 and dune 2 and on top of 
dune 1, are also similar (appendix profiles 1, 2, 3, 6, 9, 11). All these profiles are characterized by 
what seems to be a starting eluviation layer. Another similarity is a zone with humic matter towards 
the end of the profile. In profile 3, 9 and 11, this was a distinct layer. The profiles show characteristics 
of a beginning podzol and therefor, most closely resemble the Podzol-Braunerde soils discussed in 
the BÜK 300 and are classified as haplic or gleyic arenosols from aeolian sand. This also applies for 
the profile on top of dune 4 (appendix profile 12). However, this podzol is strongly developed and 
shows distinct eluviation and illuviation layers, therefor it is classified as a haplic podzol from aeolian 
sand. Below, a schematic overview of the soil profiles is shown. Additional information on the 
profiles can be found in appendix 1. 
 

 
 

Figure 7: An overview of the soil profile locations with a schematic overview of the profiles of dune 1 (profile 1-7) and dune 2 (profile 8-11) . The profiles are 
drawn roughly on scale. The true depths and soil characteristics of the profiles can be found in the appendix 1. 
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Dune mapping LiDAR  
 The results of the dune mapping and the calculation of the statistics can be reconstructed by 
following the workflow as it is available in the appendix 2.1 and appendix 2.2. 
 

 
 

Mapping features 
 Figure 8 shows the terrain dataset of the three .LAS tiles, presented as elevation in meters 
above sea level. The coordinate system of the terrain dataset is ETRS_1989_UTM_Zone_33N.  The 
polygons represent the three objects that were analyzed.  
 

Statistics 
 The statistics of the three dunes have been calculated by creating features from the terrain 
dataset. The two features are slope gradient and aspect or flat orientation. These features were 
clipped on the polygon of the dunes to extract only the statistical data of the dunes. The statistics 
that are described here are considered to be important for characterizing dune features and therefor 
understanding the genesis of the dunes. Figure 9 shows the slope gradient map and the aspect map 
of the dunes overlaying respectively a topographic map and a satellite image. Additional 
visualizations of the frequencies of the flat orientations and slope gradients and the scores of the 
statistical analysis of the terrain features are available in the appendix 2.3. 

Figure 9:  9a. The slope gradient or SlopeCodes of ArcGIS of the 
polygons of dune 1, 2 and 3 as overlay on a topographical map. 9b. 
The flat orientation or AspectCodes of ArcGIS of the polygons of dune 
1, 2 and 3 as overlay on a satellite image. 

Figure 8:  Elevation derived from the terrain dataset from  the .las tiles. 
Elevation is in meter above sea level and classified in to geometrical 
intervals. Dune 4 also represents the location of soil profile 12. 
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Figure 10 shows the frequency per flat 
orientation per dune. As one can see, the 
most common flat orientation on all three 
dunes is north, based on the fact that both 
aspect code 1 and code 9 represent a north 
orientated surface. The second most 
common flat orientation on dune 1 and 
dune 2 is northeast. On dune 3 the second 
most common flat orientation is northwest, 
which is also a second most common flat 
orientation of dune 2. The top three flat 
orientations of dune 1 and dune 2 are 
similar. Table 1 shows the percentages of 
flat orientation per dune. The statistical 
analysis showed that the flat orientation of 
each dune was distributed normally. The 
two-sampled t-test showed that the mean 
of presumed dune 2 did not differ 
significantly from the mean of the 
identified dune 3. However, the two-
sampled t-test showed that the mean of 
presumed dune 1 is significantly different 
from the mean of identified dune 3.  
 

Table 1: The percentage of flat orientation (in AspectCode) per dune polygon. 

 
 
Figure 11 shows the frequency of each 
slope gradient per dune. As one can see, 
dune 1 and dune 2 show equivalent 
results for the first three and the last 
slope gradient(s). Dune 2 and dune 3 
both show the same results for slope 
gradient 5. Dune 1 and dune 3 both 
show a decline from slope gradient 3-5. 
Table 2 shows the percentages of slope 
gradient per dune. The statistical 
analysis showed that the slope gradient 
of each dune was distributed normally. 
The two-sampled t-test showed that the 
means of the two presumed dunes did 
not differ significantly from the mean of 
the identified dune 3.  
 
 
 

Aspect 
code 

-1 1 2 3 4 5 6 7 8 9 

Dune 1 0,38% 13,21% 16,23% 10,94% 6,7925% 13,21% 10,19% 5,66% 12,45% 10,94% 

Dune 2 0% 12,5% 14,58% 12,5% 10,42% 14,58% 6,25% 10,42% 14,58% 4,17% 

Dune 3 0,17% 9,79% 12,54% 10,65% 9,97% 11,17% 12,37% 11,51% 13,57% 8,25% 

Figure 10: Flat orientation (aspect) per dune. AspectCode 9 was added by AspectCode 1 
because both represent a northly direction. 

Figure 11: Slope gradient per dune. 
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Table 2: The percentage of slope gradient (in SlopeCode) per dune polygon. 

 

 
 

Discussion 

Interpretation of the results 
 As mentioned in the results, there was a resemblance between the soil profiles of dune 1 and 
dune 2. The profiles of the arms of the presumed dunes shared the same characteristics. These 
profiles showed developed soils with 2 or more horizons. The dark layer of humic matter in profile 1, 
2, 3, 9 and 11 indicates the stabilization of aeolian deposition under wet conditions that are 
favorable for soil development. This layer could therefor indicate a buried soil, fossilized by younger 
aeolian deposits (Hirsch, 2017). The two profiles in between the dunes (4 and 10) were extremely 
different than the profiles on the dunes. Because these profiles are at a lower elevation and 
contained a thick layer of peat directly on top of the sand layer, it is likely that they were formed in a 
stable and wet environment. Groundwater was reached at a shallow depth, therefor it was not 
possible to create a deeper profile. In contrary to the profiles on the dune, there is no sign of 
deposition of younger aeolian sands, which indicates that there is no buried soil in the sand layer and 
that the peat layer was formed directly on the Urstromtal sands. The profile on dune 4 showed a 
developed podzol with similar characteristics to profile 1, 3, 9 and 11. However, the dark distinct 
layer was not found. This is could indicate that the profile was not deep enough or that there was no 
soil development during the aeolian stabilization. The lack of soil development could be the result of 
unfavorable conditions: the thick elevated sand layer and the steep slopes along the arms and body 
of the dune. Along with the fact that dune 4 is higher in overall elevation, it is assumed that dune 4 
was formed on top of another elevated dune. This could also be true for dune 1, 2 and 3 but it is 
more likely that they were formed on top of a less distinct aeolian deposition.   

Slope 
code 

1 2 3 4 5 6 7 8 

Dune 1 10,38% 23,49% 21,31% 14,75% 8,74% 12,02% 9,29% 0% 

Dune 2 10% 23,33% 23,33% 10% 16,67% 6,67% 10% 0% 

Dune 3 7,65% 14,75% 24,04% 22,13% 16,94% 10,11% 3,55% 0,82% 

Figure 12: A schematic overview of the soil profiles of dune 1 (profile 1-
7), dune 2 (profile 8-11) and dune 4 (profile 12). The values on the Y 
axis represent the surface elevation of the soil profile. The profiles are 
drawn roughly on scale. The true depths of the profiles can be found in 
the appendix. (Note: The profile length does not correspond with the 
values on the Y axis) 
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The relative thin dark layer in profile 3, 9 and 11 are located at respectively 95 cm, 115 cm and 135 
cm depth. Comparing those profiles to the nearby profile of Glashütte, mentioned by Kaiser (2009), 
the dark layer is assumed to be a Finow soil. However, because of the evident accumulation of 
organic material in this layer, it could also be assumed to be an Usselo soil. Profiles 1, 2, 6, 7 and 8 
also showed darker areas throughout the end of the profile. Therefore, it can be assumed that the 
aeolian deposits of those profiles, and thus the presumed dunes 1 and 2, were originated during the 
dune formation period during the Younger Dryas (Kaiser, 2009). This corresponds to the dating of 
dune 3, identified as parabolic dune in 2015 (de Boer, 2015). However, because the soil profiles were 
not very deep, it is difficult to determine whether the presumed dunes were deposited directly on 
the Urstromtal sands. Because the westerly winds during the Younger Dryas were not as strong as 
during the Older Dryas, it is possible that the presumed dunes are deposits of the Younger Coversand 
1, deposited during the Older Dryas.  
  
By comparing the aspect and slope features of the presumed dunes and an identified dune, the 
following was noticed: For both aspect and slope codes, dune 1 and dune 2 are showing multiple 
similarities. The common flat direction towards the north could be explained the prevailing western 
wind direction during the Younger Dryas. With prevailing western winds, a parabolic dune grows and 
migrates in west-east direction. Therefore, the slipface of the northern arm points north, and the 
slipface of the south arm points south. Because the northern arms of all three dunes are drawn 
longer, the flat orientation north is assumed to be most common. However, the orientation of the 
dune appears to be more towards the southeast, which is explained by the northwesterly winds 
during the Older Dryas. The small variation in slope gradient can be explained by low elevation 
differences. This can be explained by the low effects of the aeolian activity during the Younger Dryas. 
Slope gradients 6-8 can be explained by the depressions found on top of the dunes. The origin of the 
depressions has not been investigated during this research. Dune 1 and 2 have similar ranges in 
elevation but dune 3 has a bigger range. This is assumed to be a result of the vegetation that is 
present on dune 3, which are trees instead of the grass vegetation on dune 1 and 2.  
 The results of the two-sampled t-tests are not a critical factor for identifying the presumed 
dunes but merely provide assumptions on the comparability of the three dunes. However, the results 
are fit for answering the third sub question. As a result of the statistical tests regarding the three 
dunes, it is assumed that both the aspect and the slope statistics of the two presumed dunes 1 and 
dune 2 correspond to the statistics of identified dune 3. A one-way ANOVA was also conducted to 
reduce the chance of falsely rejecting the null-hypothesis but similar output was given and therefore 
not further mentioned. 
 

Advantages and limitation of used method 
 The main advantage is that with LiDAR, there is no field work required for the analyzation of 
elevation, flat orientation or slope gradients. It is possible to compare different geomorphological 
shapes by creating features from a terrain dataset.  Another advantage of LiDAR data is that it is a 
rapid data collection method of relative low cost and that can be deployed at all times. Besides that, 
it does not require any manual labor apart from flying the aircraft. This makes LiDAR mapping less 
time intensive than satellite or airborne mapping and less time consuming than ground-based 
surveying techniques. A limitation is the space that is needed to store and process the data. The 
processing speed strongly depends on the computer that is used. It was also found difficult to extract 
the values of the LiDAR measurements for the dunes. To achieve this, a terrain dataset was created. 
This dataset was found to be more sufficient for analyzing geomorphological features than the .LAS 
dataset or mosaic dataset. Another limitation of LiDAR data is that aerial perception is not always 
accurate. For example, a barchan dune and a parabolic dune may look similar, but the direction of 
dune migration is opposite. Soil research could be helpful for determining wind directions and for 
distinguishing between different aeolian depositions and therefore a good identification of the dune.  
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 A limitation of the field work method is the classification of the soil profiles. These are merely 
based on comparisons to the literature. In order to sufficiently compare the profiles, an extensive 
classification should be performed by following the World Reference Base. 
 Although many studies on the Baruther Urstromtal are available, it was difficult to find 
appropriate literature. Studies on the geomorphology were either outdated, on an excessive scale or 
contained German definitions that were difficult to translate properly. The available soil maps were 
also on a smaller and less detailed scale than this research thus it was difficult to compare the field 
work results to other soil profiles.  
 The application of a drone in geomorphological mapping can be highly efficient. However, a 
lot of practice in flying and data processing is required. In this study, the flight plan that was created 
for dune 1 did was not adequately executed. During the first flight, the drone lost the connection 
with the remote and did not follow the flight plan. During the second fight, the flight plan was 
followed but there was no data captured. The flight plan for dune 2 was successfully executed. 
Because not all sought data was collected and due to time limitations during fieldwork, the drone 
research was discontinued. The results of the processing of dune 2 with Drone Deploy can be found 
in appendix 3.  
 

Conclusion 
 Before answering the research question, the answers of the sub-questions are summarized.  
 

1. The aeolian deposits in the Younger Baruther-Ice marginal valley were formed during the 
Late Glacial. They were either formed during the Older Dryas or the Younger Dryas. They 
were formed under a prevailing westerly to northwesterly wind. Therefore, it can be 
concluded that the presence of parabolic dunes is possible and that they are deposits of 
either the Younger Coversand I or II, which according to literature assumedly also applies for 
identified dune 3. 

2. The profiles on the arms and on top of the presumed dunes are characterized by aeolian 
sands and show signs of soil development between approximately 1 and 1,5 meters depth. 
The profiles share similar horizons, but are most developed on the top of the dunes. The 
color and sand grain size corresponds to the profile on the identified parabolic dune 4 north 
of Schöbendorf and to various other soil studies. Therefore, it can be concluded that the 
presumed dunes 1 and 2 are both parabolic dunes, that share the same origin. 

3. The features of the presumed parabolic dunes highly correspond to the features of the 
identified dune west of Schöbendorf. The three dunes have similar frequencies of both flat 
orientation and slope gradient. This is confirmed by a two-sampled t-test of the populations 
means. The LiDAR analysis of the presumed dunes corresponds to the findings of the 
literature study and the soil research. It can be concluded that dune 1 and 2 are indeed 
equivalent geomorphological features, similar to dune 3.  
 

This research answers the following research question: “To what extent is LiDAR data useful for 
mapping the geomorphology of the Baruther Ice-marginal valley, north of Lynow?”. Based on the 
answers of the sub-questions, the following conclusion was drawn. LiDAR is a useful mapping 
method for mapping shapes and surfaces. The LiDAR data analysis concluded that dune 1, 2 and 4 are 
indeed similar objects, thus they should be mapped as the same geomorphological feature.  
However, the analysis of the slope and flat orientation was not sufficient for a definite identification, 
thus only the outer shape could be determined based on LiDAR data. In the case of identifying 
geomorphological structures such as parabolic dunes, it is necessary to have an example in the area 
that is already identified, so that a model can be created that compares presumed parabolic dunes to 
an existing parabolic dune. The LiDAR data was also inefficient for reconstruction of the shape of the 
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dune. The polygons could only be drawn by hand, and were based on surface features and are 
presumably not accurate.  Based on the results of the literature study, it was concluded that dune 1 
and 2 are in fact equivalent aeolian deposits, which reinforces the probability that they are adjacent 
parabolic dunes. This is also reinforced by the results of the soil research, which confirmed the 
correspondence between dune 1, 2 and 4. In conclusion, combining LiDAR analysis with previous 
studies and soil research, provides the most accurate identification of geomorphological features. 
   

Recommendations 
 In addition to this study, investigating the added value of a drone for mapping 
geomorphological features could be interesting. Because aerial images can be processed into point 
data, drone captured images can be analyzed with the same method that can be used for LiDAR data. 
Besides that, drone based data acquisition is even faster and less expensive than LiDAR data 
acquisition. Therefor a comparison between LiDAR data and drone captured data should be 
conducted.  
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Appendix 

1. Field forms 
Below, a description of the soil profiles is given. The first column contains the layer size and relative 

depth. The second contains the supposed horizon name. The third contains the grain size. The fourth 

contains the color and approximate Munsell color. The fifth contains some remarks. The classification 

that is given was based on present soils in the study area.  

Location 1 – on top of dune 1 (highest point) 

N 52°3’30” 

E 13°23’36” 

 Lots of depressions on study site, they look like 
they’re dug by either humans or animals. 
Foxholes in the side of the depressions 
(approximately 2 m2). Vegetation is grass with 
dandelions. Field is currently abandoned but 
cows are kept near. Soil is classified as haplic 
arenosol. 

 

25 cm (0-25 
cm) 

AP 180 µm Dark brown 
7.5 YR 3/1 

OM, grass, no roots 

5 cm (25-30 
cm) 

 180 µm Grey-ish 
10 YR 5/1 

Starting E 

6 cm (30-36 
cm) 

 180-250 
µm 

Brownish 
grey  
2.5 Y 4/2 

No OM, Starting B 

125 cm (36-
161 cm) 

C 250-355 
µm (bigger 
at the 
bottom) 

Brown 
grayish 
sand  
2.5 Y 6/3 

Illuviation of humus at the lower part 
with some smaller particles +- 140 cm 
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Location 2 – in a depression on top of dune 1 
 

N 52°3’31” 

E 13°23’36” 

 Lots of depressions on study site, they look like 
they’re dug by either humans or animals. 
Foxholes in the side of the depressions 
(approximately 2 m2). Vegetation is grass with 
dandelions. Field is currently abandoned but 
cows are kept near. Soil is classified as haplic 
arenosol.  

 

30 cm (0-30 
cm) 

AP 180 µm Dark brown 
7.5 YR 3/1 

OM, grass, no roots 

40 cm (30-
70 cm) 

 250 µm Sandy color 
2.5 Y 6/3 

 

2 cm (70-72 
cm) 

AB 

(‘begraben’) 
180 µm  Darker color, 

more 
brownish 
7.5 YR 3/1 

sign of former/historic soil formation 

10 cm (72-
82 cm) 

 180 µm  Light sand 
2.5 Y 7/3 

Ranker (-> starting/young eluviation 
layer) Starting E 

30 cm (82-
112 cm) 

C 250 µm Sandy color, 
orange-ish 
illuviation 
spots 
2.5 Y 6/3 

Ranker (-> starting/young illuviation 
layer so signs of early development of 
podzol) 
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Location 3 – on arm of dune 1 
 

N 52°3’32” 

E 13°23’32” 

 Lots of depressions on study site, they look like 
they’re dug by either humans or animals. 
Foxholes in the side of the depressions 
(approximately 2 m2). Vegetation is grass with 
dandelions. Field is currently abandoned but 
cows are kept near. Soil is classified as haplic 
arenosol. 

 

35 cm (0-35 
cm) 

AP 180-250 
µm 

Dark 
brown 
2.5 YR 4/1 

OM, grass, no roots 

10 cm (35-45 
cm) 

 250 µm Light gray-
ish sand 
10 YR 5/1 

Starting eluviation layer 

40 cm (45-85 
cm) 

 250 µm  Sandy with 
orange 
spots 
2.5 Y 6/3 

Signs of illuviation 

8 cm (85-93 
cm) 

AB 

(‘begraben’) 
180 µm  Dark 

brown  
7.5 YR 3/1 

Lots of OM (woody fragments), could 
indicate a historic buried A-horizon, 
from warmer ages where vegetation 
had a change to grow. 

50 cm (93-
143 cm) 

C 250-355 
µm 

Sandy 
color 
2.5 Y 5/3 

Wet sand with bigger particles 
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Location 4 – in between arms of dune 1 
 

N 52°3’31” 

E 13°23’31” 

 Vegetation is grass with dandelions. Field is 
currently abandoned but cows are kept near. 
No depressions inside the arms of the dune. 
Soil is classified as gleysol. 

 

25 cm (0-25 
cm) 

AP 180 µm Dark 
brown 
10 YR 2/1 

OM, grass, no roots 

25 cm (25-50 
cm) 

 180 µm Dark 
brown 
10 YR 2/1 

Peat or very developed humus layer, 
particles smaller than sand but not near 
the size of clay. Directly formed on sand 
layer. 

60 cm (50-
110 cm) 

C 250- 355 
µm 

Sandy color 
10 YR 6/2 

Wet sand with no OM, bigger particles 
in the bottom, too small to check for 
roundness but small pebbles. 
Groundwater was reached. 
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Location 5 – On the arm of dune 1,10 m off the road but in a distinct depression (not characterized as 
part of the dune in the field). Results of pit were similar to the profile of pit 4. 
 

N 52°3’29” 

E 13°23’33” 

 Vegetation is grass with dandelions. Field is 
currently abandoned but cows are kept near. 
No depressions inside the arms of the dune. 
But at this location, a part of the dune was 
wiped out as can be seen on LiDAR data. Soil is 
classified as gleysol. 

 
 

30 cm (0-30 
cm) 

AP 180 µm Dark 
brown 
7.5 YR 3/1 

OM, grass, no roots 

20 cm (30-
50 cm) 

 180 µm Dark 
brown 
7.5 YR 3/1 

Peat or very developed humus layer, 
particles smaller than sand but not 
near the size of clay. Directly formed 
on sand layer. Lots of wooden 
particles. 

10 cm and 
beyond (50-
? cm) 

C 250- 255 
µm 

Sandy 
color 
2.5 Y 6/3 

Wet sand with no OM. Couldn’t dig 
deeper because this pit was excavated 
and collapsed during the digging.   
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Location 6 – Left arm of dune 1, results expected to be similar to location 3. 
 

N 52°3’29” 

E 13°23’32” 

 Lots of depressions on study site, they look like 
they’re dug by either humans or animals. 
Foxholes in the side of the depressions 
(approximately 2 m2). Vegetation is grass with 
dandelions. Field is currently abandoned but 
cows are kept near. A man made road is laying 
on top of this arm. Soil is classified as haplic 
arenosol. 

 

25 cm (0-25 
cm) 

AP 180-250 
µm 

Dark brown 
2.5 YR 4/1 

OM, grass, no roots 

15 cm (25-40 
cm) 

 180 µm Light gray-
ish sand 
10 YR 5/1 

Starting eluviation layer 

30 cm (40-70 
cm) 

 180-250 
µm  

Light sandy 
with 
orange 
spots 
2.5 Y 6/3 

Signs of illuviation 

1 cm (70-71 
cm) 

AB 

(‘begraben’) 
180 µm  Dark brown 

7.5 YR 3/1 
Lots of OM (woody fragments), but 
sings of historic formation of A horizon 
not as distinct as location 3.  

50 cm (71-
121 cm) 

C 250-355 
µm 

Sandy color 
2.5 Y 6/3 

Wet sand with bigger particles. 
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Location 7 –Right arm of dune 1, but on the end. 
 

N 52°3’40” 

E 13°23’4” 

 Lots of depressions on study site, they look like 
they’re dug by either humans or animals. 
Foxholes in the side of the depressions 
(approximately 2 m2). Vegetation is grass with 
dandelions. Field is currently abandoned but 
cows are kept near. A man made road is laying 
on top of this arm. Soil is classified as haplic 
arenosol. 

 

10 cm (0-10 
cm) 

AP 180-250 
µm 

Dark brown 
7.5 YR 3/1 

OM, grass, no roots. Layer is thinner 
than at other profiles, perhaps because 
of cows? 

20 cm (10-20 
cm) 

 125-180 
µm 

Gray-ish 
sand  
2.5 Y 6/3 

Sand with some smaller particles. 

5 cm (20-25 
cm) 

Ab 

(‘begraben’) 

180 µm  Dark 
gray/brown 
layer  
7.5 YR 3/1 

- 

90 cm (25-
115 cm) 

C 250 µm Sandy color 
2.5 Y 6/3 

Wet sand with bigger particles. Darker 
(almost black) spots at the end of the 
profile, could indicate peat. Also 
orange eluviation stripes. 
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Location 8 – Top of dune 2, (approx. highest point) 
 

N 52°3’28” 

E 13°23’21” 

 Similar depressions on study site, they look like 
they’re dug by either humans or animals. 
Vegetation is grass with dandelions. Field is 
currently abandoned but cows are kept near.  
Soil is classified as haplic arenosol. 

 
 

35 cm (0-35 
cm) 

AP 180-250 
µm 

Dark 
brown 
5Y 3/1 

OM, grass, long thin roots. 

65 cm (35-
100 cm) 

C 180 µm Gray-ish 
yellow 
sand 
2.5 Y 6/3 

Lots of dark spots but no distinct layer. 
Vertical stripes of humus material, 
throughout the profile. Some bigger 
(250 µm) particles are found at the 
bottom of the profile. 
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Profile 9 – Right arm of dune 2 
 

N 52°3’30” 

E 13°23’19” 

 Similar depressions on study site, they look like 
they’re dug by either humans or animals. 
Vegetation is grass with dandelions. Field is 
currently abandoned but cows are kept near. 
Soil is classified as haplic arenosol. 

 

25 cm (0-25 
cm) 

AP 180 µm Dark brown 
7.5 YR 3/1 

OM, grass, long thin roots. 

10 cm (25-
35 cm) 

 180 µm Gray sand 
10 YR 6/2 

Beginning eluviation layer 

80 cm (35-
115 cm) 

C 180-250 
µm 

Gray brown 
sand  
10 YR 6/3 

Sand with some orange and darker spots. 

10 cm (115-
125 cm) 

Ab 

(‘begraben’) 

180 µm Dark brown 
7.5 YR 3/1 

Lots of OM (woody fragments), but sings 
of historic formation of A horizon not as 
distinct as location 3. 

20 cm (125-
145 cm) 

C 250 µm Gray yellow-
ish sand 
10 YR 6/3 

After 50 cm some signs of iron eluviation 
and some bigger particles. Towards the 
end a small dark layer with a smaller grain 
size (180 µm) and some organic matter.  
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Profile 10 – Inside arms of dune 2 (similar to profile 4) 
 

N 52°3’27” 

E 13°23’19” 

 Similar depressions on study site, they look like 
they’re dug by either humans or animals. 
Vegetation is grass with dandelions. Field is 
currently abandoned but cows are kept near. 
Soil is classified as gleysol. 

 

25 cm (0-25 
cm) 

AP 180 µm Dark brown 
10 YR 2/1 

OM, grass, no roots 

25 cm (25-50 
cm) 

 180 µm Dark brown 
10 YR 2/1 

Peat or very developed humus layer, 
particles smaller than sand but not near 
the size of clay, does feel clay-ish. 
Directly formed on sand layer. 

45 cm (50-95 
cm) 

C 250- 355 
µm 

Sandy color 
10 YR 5/3 

Wet sand with no OM, bigger particles 
in the bottom and some small pebbles. 
Groundwater was reached. Some dark 
and orange spots were noticed at the 
bottom part of this layer. 
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Location 11 – Left arm of dune 2, results expected to be similar to location 3 and 6. 
 

N 52°3’24” 

E 13°23’20” 

 Similar depressions on study site, they look like 
they’re dug by either humans or animals. 
Vegetation is grass with dandelions. Field is 
currently abandoned but cows are kept near. 
Soil is classified as haplic arenosol. 

 

25 cm (0-25 
cm) 

AP 180 µm Dark brown 
7.5 YR 3/1 

OM, grass, no roots 

10 cm (25-
35 cm) 

 250 µm Light gray-
ish sand 
10 YR 5/1 

Starting eluviation layer 

110 cm (35-
145 cm) 

 250 µm  Light gray 
sand with 
orange/dark 
spots 
10 YR 6/3 

Signs of illuviation 

5 cm (145-
150 cm) 

Ab 

(‘begraben’) 

180 µm  Dark brown 
7.5 YR 3/1 

Lots of OM (woody fragments), but 
sings of historic formation of A horizon 
not as distinct as location 3.  

40 cm (150-
190 cm) 

C 250-355 
µm 

Sandy color 
10 YR 6/3 

Wet sand with bigger particles, and 
some orange/darker spots. 
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Location 12 – On top of dune 4, results expected to be similar to location 1 and 8 but more 
developed towards a podzol. 
 

N 52°4’10” 

E 13°25’50” 

 Dune 4 lies in a mixed forest with beech and 
oaks. Moss and plant litter lays on the surface. 
Lots of organic material.  Soil is classified as 
haplic podzol. 

 

10 cm (0-10 
cm) 

Ah 180 µm Dark 
brown 
7.5 YR 3/1 

OM, grass, lots of roots, fine sand 

15 cm (10-25 
cm) 

 180-250 
µm 

Light 
grayish 
layer 
10 YR 5/1 

Sand with a lot of organic material 

15 cm (25-40 
cm) 

E 250 µm  Brown 
grayish 
layer 
10 YR 5/4 

Eluviation layer 

10 cm (40-50 
cm) 

B 250 µm  Yellow red 
brown 
10 YR 5/6 

Illuviation layer , rusty color could 
indicate iron illuviation. 

120 cm (50-
170 cm) 

C 250-255 
µm 

Sandy color 
2.5 Y 7/1 

Wet sand with bigger particles. Also 
some dark gray thin layers/spots with 
some organic material (hummus). 
Could indicate the beginning of soil 
formation. 
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2. Work flow Terrain dataset and dune statistic calculations 
 

2.1 Work flow Terrain dataset 
 

1. New map (name: BrandenburgStats) 
2. Create folder (location, F:\BrandenburgStats, name: LiDarStatistics) 
3. Create File GDB (location: LiDarStatistics, name: DuneStatistics) 
4. Create Feature Dataset (name: TerrainFeatureDataset – input: ETRS_1989_UTM_Zone_33N) 
5. Create Terrain (input: TerrainFeatureDataset, name: TerrainDataset, average point spacing=0,4, 
 pyramidsize=ZTOLERANCE) 
6. Add Terrain Pyramid Level (0,25 1000, 0,5 2500, 1 5000, 1,5 10000) 
7. LAS to Multipoint (input: 388768_lpb.las, 390768_lpb.las, 392768_lpb.las, name: MultipointFeature, 
point space=0,4, ANY_RETURNS, ETRS_1989_UTM_Zone_33N) 
8. Add Feature Class to Terrain (input feature class: MultipointFeature, input terrain:TerrainDataset) 
9. Build Terrain (input: TerrainDataset) 
10. Surface Aspect (input: TerrainDataset, name: TerrainDataset_SurfaceAspect, Aspect 
 field=AspectCode, pyramid level=0,5) 
11. Surface Slope (input: TerrainDataset, name: TerrainDataset_SurfaceSlope, Slope field=SlopeCode, 
 pyramid level= 0,5) 
12. Make Feature Layer (name: TerrainAspect, input: TerrainDataset_SurfaceAspect, all boxes 
 checked) 
13. Make Feature Layer (name: TerrainSlope, input: TerrainDataset_SurfaceSlope, all boxed checked) 
14. Create polygons 
 -draw tool on aspect map (remarks:sketch is not very detailed and accurate (see discussion)) 
 -save graphics as features (name: dune1, name: dune2, name: outlinedune3) 
 -Feature to polygon (input: dune1, name: PolygonDune1, etc. 
 -Merge (input: PolygonDune1, PolygonDune2, etc, name: PolygonMerge) 
15. Add Surface Information (input: TerrainDataset, ouput: PolygonMerge, add all statistics) 
16. Clip (input: TerrainAspect, input: PolygonMerge, name: AspectDunes) 
 -add field ‘Dune’ (text) 
  -select all attributes of PolygonDune1  by selection by polygon in window use field 
  calculator to fill in the new field [Dune = “1”], etc. 
 -add field ‘Direction’ (text) 
  -select all attributes AspectCode=1 and use field calculator to fill in the new field 
  [Direction = “North”], etc. 
17. Clip (input: TerrainSlope, input: PolygonMerge, name: SlopeDunes) 
 -add field ‘Dune’ (text) 
  -select all attributes of PolygonDune1 by selection by polygon and use field calculator 
  to fill in the new field [Dune = “1”], etc. 
18. Table to Excel (Aspect_Attributes.csv and Slope_Attributes.csv) 
19. Load in Matlab for calculations and visualizations (see script) 
 

2.2 Matlab script for visualizations and statistics 
% Romee Prijden, 10761314 

% Thesis, calculation of statistics and visualizations 

% June 2017 

  

%%% Initialization 

  

close all 

clc 
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clear 

  

%%% Loading data 

Slope = xlsread('Slope_Attributes.xlsx'); 

Aspect = xlsread('Aspect_Attributes.xlsx'); 

Aspect = Aspect(1:length(Aspect)-1,:); 

  

%do not forget to download and save the function 'radarplot.m' 

%% Calculations aspect 

n = find(Aspect(:,2)==9) 

Aspect(n,2)=1 

  

dune1asp = find(Aspect(:,5)==1); 

aspectdune1 = [Aspect(dune1asp,2), Aspect(dune1asp,4)]; 

dune2asp = find(Aspect(:,5)==2); 

aspectdune2 = [Aspect(dune2asp,2), Aspect(dune2asp,4)]; 

dune3asp = find(Aspect(:,5)==3); 

aspectdune3 = [Aspect(dune3asp,2), Aspect(dune3asp,4)]; 

  

%% Visualisation aspect 

  

figure(1) 

nr_bins1 = 9; 

subplot(2,1,1) 

[histFreq1, histXout1] = hist(aspectdune1(:,1), nr_bins1); 

pie(histFreq1/sum(histFreq1)*100); 

title('Pie chart of percentage flat orientation of dune 1') 

legend('-', 'n', 'ne', 'e', 'se', 's', 'sw', 'w', 'nw', 'location', 'best') 

subplot(2,1,2) 

hist(aspectdune1(:,1),9); 

title('Histogram of flat orientation of dune 1') 

xticks([-0.5:1:8.5]) 

xticklabels({'-','n', 'ne', 'e', 'se', 's', 'sw', 'w', 'nw'}) 

xlabel('Flat orientation') 

  

nr_bins2 = 8; 

figure(2) 

subplot(2,1,1) 

[histFreq2, histXout2] = hist(aspectdune2(:,1), nr_bins2); 

pie(histFreq2/sum(histFreq2)*100); 

title('Pie chart of percentage flat orientation of dune 2') 

legend('n', 'ne', 'e', 'se', 's', 'sw', 'w', 'nw', 'location', 'best') 

subplot(2,1,2) 

hist(aspectdune2(:,1),8); 

title('Histogram of flat orientation of dune 2') 

xticks([1.5:9/10:9.5]) 

xticklabels({'n', 'ne', 'e', 'se', 's', 'sw', 'w', 'nw'}) 

xlabel('Flat Orientation') 

  

nr_bins3 = 9; 

figure(3) 

subplot(2,1,1) 

[histFreq3, histXout3] = hist(aspectdune3(:,1), nr_bins3); 

pie(histFreq3/sum(histFreq3)*100);  

title('Pie chart of percentage flat orientation of dune 3') 

legend('-', 'n', 'ne', 'e', 'se', 's', 'sw', 'w', 'nw', 'location', 'best') 

subplot(2,1,2) 

hist(aspectdune3(:,1),9); 

title('Histogram of flat orientation of dune 3') 

xticks([-0.5:1:8.5]) 

xticklabels({'-','n', 'ne', 'e', 'se', 's', 'sw', 'w', 'nw'}) 

xlabel('Flat Orientation') 

  

%% Calculation slope 

  

dune1slo = find(Slope(:,5)==1); 

slopedune1 = [Slope(dune1slo,2), Slope(dune1slo,4)]; 

dune2slo = find(Slope(:,5)==2); 
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slopedune2 = [Slope(dune2slo,2), Slope(dune2slo,4)]; 

dune3slo = find(Slope(:,5)==3); 

slopedune3 = [Slope(dune3slo,2), Slope(dune3slo,4)]; 

  

%% Visualisation slope 

figure(4) 

nr_bins4 = 7; 

subplot(2,1,1) 

[histFreq4, histXout4] = hist(slopedune1(:,1), nr_bins4); 

pie(histFreq4/sum(histFreq4)*100); 

title('Pie chart of percentage slope gradients of dune 1') 

legend('0-0,70', '0,70-2,02', '2,02-4,55', '4,55-8,26', '8,26-13,19', '13,19-

21,33', '21,33-34,69', 'location', 'best') 

subplot(2,1,2) 

hist(slopedune1(:,1),7); 

title('Histogram of slope gradients of dune 1') 

xticks([1.5:0.85:7.5]) 

xticklabels({'1','2','3','4','5','6','7','8'}) 

xlabel('Slope gradient') 

  

figure(5) 

nr_bins5 = 7; 

subplot(2,1,1) 

[histFreq5, histXout5] = hist(slopedune2(:,1), nr_bins5); 

pie(histFreq5/sum(histFreq5)*100); 

title('Pie chart of percentage slope gradients of dune 2') 

legend('0-0,70', '0,70-2,02', '2,02-4,55', '4,55-8,26', '8,26-13,19', '13,19-

21,33', '21,33-34,69', 'location', 'best') 

subplot(2,1,2) 

hist(slopedune2(:,1),7); 

title('Histogram of slope gradients of dune 2') 

xticks([1.5:0.85:7.5]) 

xticklabels({'1','2','3','4','5','6','7'}) 

xlabel('Slope gradient') 

  

figure(6) 

nr_bins6 = 8; 

subplot(2,1,1) 

[histFreq6, histXout6] = hist(slopedune3(:,1), nr_bins6); 

pie(histFreq6/sum(histFreq6)*100); 

title('Pie chart of percentage slope gradients of dune 3') 

legend('0-0,70', '0,70-2,02', '2,02-4,55', '4,55-8,26', '8,26-13,19', '13,19-

21,33', '21,33-34,69', '34,69-50,74', 'location', 'best') 

subplot(2,1,2) 

hist(slopedune3(:,1),8); 

title('Histogram of slope gradients of dune 3') 

xticks([1.5:0.85:8.5]) 

xticklabels({'1','2','3','4','5','6','7','8'}) 

xlabel('Slope gradient') 

  

%% Calculate statistics  

h= ztest(slopedune1(:,1),mean(slopedune1(:,1)),std(slopedune1(:,1))) 

h= ztest(slopedune2(:,1),mean(slopedune2(:,1)),std(slopedune2(:,1))) 

h= ztest(slopedune3(:,1),mean(slopedune3(:,1)),std(slopedune3(:,1))) 

%% 

h=ztest(aspectdune1(:,1),mean(aspectdune1(:,1)),std(aspectdune1(:,1))) 

h=ztest(aspectdune2(:,1),mean(aspectdune2(:,1)),std(aspectdune2(:,1))) 

h=ztest(aspectdune3(:,1),mean(aspectdune3(:,1)),std(aspectdune3(:,1))) 

%% 

[h,p,ci,stats] = ttest2(slopedune1(:,1), slopedune2(:,1)) 

[h,p,ci,stats] = ttest2(slopedune1(:,1), slopedune3(:,1)) 

[h,p,ci,stats] = ttest2(slopedune2(:,1), slopedune3(:,1)) 

%% 

[h,p,ci,stats] = ttest2(aspectdune1(:,1), aspectdune2(:,1)) 

[h,p,ci,stats] = ttest2(aspectdune1(:,1), aspectdune3(:,1)) 

[h,p,ci,stats] = ttest2(aspectdune2(:,1), aspectdune3(:,1)) 

  

%% calculation 
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asp_freq1 = histFreq1/sum(histFreq1)*100; 

asp_freq2 = histFreq2/sum(histFreq2)*100; 

asp_freq2 = histFreq3/sum(histFreq3)*100; 

slope_freq1 = histFreq4/sum(histFreq4)*100; 

slope_freq2 = histFreq5/sum(histFreq5)*100; 

slope_freq3 = histFreq6/sum(histFreq6)*100; 

  

%% radars 

figure(7) 

title('d')  

subplot(2,2,1) 

radarplot(histFreq1,{'-1', '1', '2', '3', '4', '5', '6', '7', '8'},{'g'}) 

title('Dune 1') 

subplot(2,2,2) 

radarplot(histFreq2,{'1', '2', '3', '4', '5', '6', '7', '8'},{'b'}) 

title('Dune 2') 

subplot(2,2,3) 

radarplot(histFreq3,{'-1', '1', '2', '3', '4', '5', '6', '7', '8'},{'r'}) 

title('Dune 3') 

  

figure(8) 

subplot(2,2,1) 

radarplot(histFreq4,{'1','2','3','4','5','6','7'}, {'g'}) 

title('Dune 1') 

subplot(2,2,2) 

radarplot(histFreq5,{'1','2','3','4','5','6','7'},{'b'}) 

title('Dune 2') 

subplot(2,2,3) 

radarplot(histFreq6,{'1','2','3','4','5','6','7','8'},{'r'}) 

title('Dune 3') 

 

2.3 Tables and visualizations dune statistics 
 

Table 2.2.1: Elevation statistics derived from the created Terrain dataset. The unit is meters for the Z 
values and meter2 for the area. 
 

 

Table 2.2.2: The results of the two sample t-test for slope code in matlab. 
 

 

Table 2.2.3: The results of the two sample t-test for aspect code in matlab. 

Dune statistics Z_Min Z_Max Z_Mean Area 

Dune 1 51,84 53,58 52,731524 62677,040587 

Dune 2 51,98 53,84 53,140473 13872,824626 

Dune 3 52,56 57,74 53,990335 117623,572996 

SlopeCode Dune 1 Dune 2 Dune 3 

Dune 1 - H=0, p=0.9735 H=0, p= 0.3752 

Dune 2 H=0, p=0.9735 - H=0, p=0.6307 

Dune 3 H=0, p=  0.3752 H=0, p=0.6307 - 

AspectCode Dune 1 Dune 2 Dune 3 

Dune 1 - H=0, p= 0.2728 H=1, p= 0.0048 

Dune 2 H=0, p= 0.2728 - H=0, p= 0.8060 

Dune 3 H=1, p= 0.0048 H=0, p=0. 0.8060 - 
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Table 2.2.4: Aspect codes associated with each flat orientation (face direction). Slope codes 
associated with each slope gradient ( degrees). 

 

 
 
 
 
 
 

 

 

 

 

3. Drone Deploy results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aspect code Value (direction) Slope code Value (degrees) 

 -1 No direction 1 0,00 - 0,70 

1 North 2 0,70 - 2,02 

2 Northeast 3 2,02 - 4,55 

3 East 4 4,55 - 8,26 

4 Southeast 5 8,26 - 13,19 

5 South 6 13,19 - 21,33 

6 Southwest 7 21,33 - 34,69 

7 West 8 34,69 - 50,74 

8 Northwest   

9 North   



35 
 

 

 

 

 

 

 

 


