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1. SUMMARY
This research gives a better understanding of the possibilities of lidar data to analyze geomorphological
features in landscapes. A model made with the ArcGIS model builder function is included that automates the
process of analyzing an area by providing information on three subjects: the slope direction, the slope
steepness and the contour lines of any selected area. This model has been used on several pre-classified
parabolic dunes in some dune fields in the Baruth Ice-marginal valley in Brandenburg, Germany. The results
provide data of the geomorphological features of these dunes and a model that can be used to analyze dunes
using lidar data throughout the world. Although in this research the model is only used on parabolic,
hummocky and longitudinal dunes, it can be used on any type of geomorphological feature that contains a
height difference. While it will take time to improve the model and fine-tune it for compatibility with other
resolutions of lidar data, it is important to invest this time to enhance the knowledge on the geomorphology of
the world.
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3. INTRODUCTION
The aim of this research is to gain a better understanding of the possibilities of using lidar data to look at
geomorphologic features in landscapes. To realize this, ArcGIS will be used to analyze an area by using lidar
data combined with other existing geological maps. The objective of this analysis is to find more detailed
statistics of parabolic dunes in the Brandenburg dune field area that have not yet been mapped by other
means of data processing in ArcGIS. This research contains several points of interest that make it unique and
valuable. These points will be described below.
3.1 LIDAR
Lidar is an abbreviation that originates from the word combination of Light and Radar. The name ‘lidar’ shall be
used during this research, however there are multiple known ways of writing the term. Examples are: ‘LiDAR’
(Asner et al, 2012), ‘lidar’ (USGS, 2013) and ‘Lidar’ (Navarro, 2010). Lidar data contains point-cloud data with x-,
y-, and z-values, which are obtained by emitting infrared laser beams from airplanes and calculating the
differences in the time between emitting and receiving the beams (Airborne1, 2014).

Figure 1 An aircraft collecting x-, y-, and z-data (GEO Informatics, 2008).

3.1.1 POSSIBILITIES
The data density of lidar is great. Therefore it can be used to make maps with resolutions far more detailed
than the maps that are used today. The use of lidar varies widely. A few examples provided by LiDAR-UK (2014)
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are: calculating canopy fuel capacity for use in fire behavior models, detecting particles in water and air to
model pollution, assisting in road building and vegetation mapping by creating high resolution maps, urban
planning by creating digital surface models and models of buildings and the exploration of oil and gas.
Furthermore, examples of lidar-use by other students at the University of Amsterdam are: quantifying forest
density patterns and extracting the distribution of spatial biomass of forests.
3.1.2 USE IN THIS RESEARCH
For this research the use of the data will be limited to analyzing a specific area located in Brandenburg,
Germany. The data will be used as a digital elevation map, providing a high resolution overview of the elevation
in the chosen area. By combining the information from this lidar data to already existing maps of the area, such
as DEM’s (Digital Elevation Models), geomorphological maps and aerial photographs (GeoBasis-DE/LGB, 2013),
parabolic dunes will be located and analyzed with a model produced by this research.
3.1.3 SCALING
The great advantage of this high resolution however, also has a downside: the data management. Since lidar
data has such a high resolution, the data files are also large. This consumes high amounts of processing power
and storage of computers. To still be able to utilize lidar data without long loading times, it is important to
extract smaller pieces of data and edit these so that the computing times will not hinder the research. That is
an important aim of this research: the expanding of knowledge on how to use lidar data.
3.2 BRANDENBURG
Therefore an area in Germany, Brandenburg is researched. The reason for specifically choosing Brandenburg is
that the area has many interesting geological and geomorphological features. These are formed by:

1) The forces of glacier advances during the Saalian and Weichselian ice ages in the form of
push- and ground moraines and glacial halts (Juschus, 2001).
2) Melting water in the ice-marginal valleys (Marcinek, 1961; Juschus, 2001).
3) The wind that build cover sands and dunes (de Boer, 1995).
The results of these geological events can be seen in the landscape (GeoBasis-DE/LGB, 2013). The forms, height
and composition of the landforms show visible effects of the past, leaving behind a wide range of
geomorphological features like the parabolic dunes. By focusing on these dunes, this research provides a base
for future landscape analysis that make use of lidar data.
3.3 ARCGIS
The software program used for this research is ArcGIS, which is a Geographical Information System (GIS). This
program is suited for editing geographical and geological data and processing them into useful maps that
provide quick oversight of areas and their properties. It also contains a user friendly function in which models
can be built to automate processes. The program is used by several companies and universities in the
Netherlands and other countries and is therefore beneficial to use (Esri, 2014-1).
3.3.1 TRAINING
To be able to work with and edit lidar data, a set of courses provided by ESRI have been followed. These
courses can be taken on the virtual campus of esri and provide a basic understanding of how to handle lidar
data in ArcGIS. The necessary courses that have to be followed in order to conduct or reproduce this research
are: ‘Managing Lidar Data in ArcGIS 10’, ‘Managing Lidar Data Using LAS Datasets’ and ‘Managing Lidar Data
Using Mosaic Datasets (for ArcGIS 10.1)’ (Esri Training, 2014-2).
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3.4 RESEARCH QUESTION
The aim of the research can be summarized in the research question:
‘What is the geomorphological structure of parabolic, hummocky and longitudinal dunes located in the dune
fields in the Central Baruth Ice-Marginal Valley in the German state Brandenburg and how can these structures
be quantified into a statistical summary with the use of lidar datasets in ArcGIS?’
To further specify this question, a set of sub questions came into being, which are formulated below.
3.4.1 SUB QUESTIONS
Several sub questions are formulated to help answering the main research question.

-

How can parabolic, hummocky and longitudinal dunes be recognized while using ArcGIS in
order to analyze them using lidar data?
What type of statistics would be useful in statistically describing different types of dunes?
How can new techniques in ArcGIS using lidar data contribute to future research in adjacent
and in other areas?

3.5 THE REPORT
This report contains the following sections: the methods used, including the model and its function, the results,
discussion and conclusion followed by a special thanks and the references and ended with an appendix
containing figures and maps.

4. METHOD
This research has been conducted with the use of the software program ArcMap v10.2.1. The first step was to
obtain lidar data, or ‘.xyz-files’, of the chosen area. The lidar data was provided by the Landesvermessung und
Geobasisinformation Brandenburg (LGB, 2014). Once the data was obtained, it needed to be processed in
order to obtain .LAS files to be used in ArcGIS. This is done by using the LAStool txt2las (Rapidlasso, 2014).
Steps to successfully use this tool are:






Rename the file extension from .xyz to .txt
Open the windows command prompt
Browse to the folder location where the files are stored
Type the command: ‘C:\ArcGIS\Tools\lastools\bin>txt2las.exe C:
\Bachelor_Research_2014\Laserscan_Rohdaten_Schoebendorf\firstpuls_unklassifiziert\3907
62_fp.txt-o 390762_fps.las parse xyz’ (command may differ depending on the location where
the data is stored)

The .LAS files were transformed into multipoint features which in turn were used to create a terrain dataset of
high resolution. The terrain dataset was used to create multiple maps with the surface tools provided by
ArcGIS. These maps were used to perform the statistical analysis with. They were downscaled to the size and
location of the shapefiles of parabolic, hummocky and longitudinal dunes, which had to be drawn based on
manual inspection with the help of the terrain dataset, older maps of dune classifications, a web service
providing orthophotos and other available georeferenced maps. After applying the surface tools to the terrain
dataset, the surface of the drawn dune shapefiles were used to make a finer selection of data. The dissolve
function was used to easily obtain the cumulative surface values of both the surface aspect and the surface
slope map.
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4.1 MATERIALS









Account for GIS-Studio at the Science Park of the University of Amsterdam.
ArcGIS version for home use
Computer that supports ArcGIS software
Two 16GB USB-sticks
Lidar Data of Brandenburg area (tile numbers 390764, 390766, 390768, 390770, 390772,
392764, 392766, 392768, 392770, 392772, 394764, 394766, 394768, 394770, 394772,
396764, 396766, 396768, 396770, 396772)
Variety of GIS maps of Brandenburg area (GeoBasis-DE/LGB, 2013)

4.2 THE MODEL
A model that automates the process from processing data to the statistical analysis has been made. The model
builder function in ArcGIS has been used as a platform for this. The model can be used as a toolbox. It requires
three inputs: a folder location for the model output, lidar data (as .las files) and a shapefile marking the area
that needs to be analyzed. The model runs through 16 steps and makes use of 23 ArcGIS tools found in the
system toolboxes. The steps of the model are described below. For the exact input used in this analysis and a
visualization of the individual steps, see appendix 10.2.

Figure 2 The Model as used in final analysis. Blue ellipsis indicate variables (input files), yellow boxes indicate tools and green bubbles
indicate output created by tools.

4.2.1 MODEL STEPS
The individual steps of the model are described here. If an option is not mentioned, the default values were
used. The steps that are indicated with a *, contain inputs where folder locations are manually indicated. This
means that when a different location than the standard C:\lidar\Model is chosen for writing the output to, the
folder location of these steps might have to be manually edited before running the model. To prevent path
errors it is advisable to create a folder on the C:\ drive named ‘lidar’, with a subfolder ‘Model’ before running
the model.
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1) In this variable, the folder location is indicated to which the model will write its output.
2) The first few steps of the model are focused on preprocessing the data. This step creates a
folder named ‘ModelOutput’, at any chosen location on a computer.*
3) A file geodatabase is created, which allows the output of the model to be organized in.
4) When working with lidar data, it is necessary to create a terrain dataset. In order to do so, a
feature dataset is needed. For this particular data the coordinate system
ETRS_1989_UTM_Zone_33N is used. Note that when working with other data, different
coordinate systems may work better. This depends on the location of the data. Information
on the most optimal coordinate system to be used can be found in the metadata included
with the data.
5) The next step is to create the terrain dataset. ArcGIS offers a wizard to do so, however this
wizard is not included in the model builder. Therefore the creation of the terrain dataset is
split up into four steps: The creating of the terrain, the adding of pyramid levels and a
feature class, and finally the building of the terrain dataset. This step creates a blank terrain.
The average point spacing is set to 0,4m which is derived from creating a point density file
made following the Esri course ‘Managing Lidar Data in ArcGIS 10’ (Esri, 2014-2). This value
differs depending on the data that is used since not all available data has the same resolution.
6) Here the pyramid levels are added to the terrain. For this research, four pyramid levels are
used, containing z-values of 0,25 0,5 1 and 1,5. The corresponding map scales are 1:1000,
1:2500, 1:5000 and 1:10000. The choice to use four pyramid levels is made because this
provides the option of choosing between different levels of accuracy in the analysis part of
the model. The z-value of 0,25 providing the highest accuracy but also the longest computing
time, the z-value of 1.5 the lowest accuracy while still usable and the fastest computing time.
Using lower map-scales (for example 1:500) can result in extremely long computing times,
while using higher map-scales (for example 1:50000) will lead to significant loss of data.
7) Before continuing to the step of adding the feature class to the terrain, the lidar data has to
be added. Variable is an example of one .las file. For this analysis, 12 .las files are used (tile
numbers 390766, 390768, 390770, 390772, 392766, 392768, 392770, 392772, 394766,
394768, 394770, 394772), covering the selected dunes for this research. The files are
inserted into the model in step 8.
8) Here the .las files are processed into a multipoint feature and saved to the terrain feature
dataset created in step 4. The input of this tool requires .las files, which can be stored
anywhere on the PC the model runs from. For this analysis the path
C:\lidar\Model\Geodatabase\FeatureDataset\MultipointFeature is used, since the terrain
feature dataset needs to contain this multipoint feature in order continue creating the
terrain dataset. The coordinate system should be indicated as ETRS_1989_UTM_Zone_33N
for the data used in this analysis. *
9) This is step three of the creation of the terrain dataset: the adding of the feature class. The
input of this tool is the multipoint feature created in the previous step.
10) To finalize the terrain dataset, it has to be build. In this step the actual creation of the usable
terrain dataset takes place and therefore may take some time. However only one terrain
dataset needs to be created per set of .las data used. Therefore, the next time the model is
used it can be run starting from step 13.
11) This step consists out of three surface tools that create the feature classes of the whole lidar
data area before narrowing down to a smaller indicated area within. A surface aspect,
surface slope and surface contour map are drawn. The aspect map gives information on the
slope direction of an area, the slope map indicates the steepness of the slopes in the area
and the contour map draws the contours showing the elevation of the area. In the surface
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12)

13)
14)

15)

16)

aspect tool, the Aspect Field (optional) is filled in as AspectCode, the standard code used for
indicating slope directions by ArcGIS. The slope units used by the surface sloop tool are
calculated in percentages. See the tables below for further information on the aspect codes
and slope units. For the contour map, a contour interval of 2m has been chosen based on the
known height of the area. A higher interval would decrease the amount of contour line and a
lower interval increases the amount of contour lines. For optimal computing time and data
accuracy, the pyramid level of 0,5 is chosen. The last option that is adjusted is the output
location of the features that are created.*
To be able to continue working with the feature classes just created, they must be edited to
function within the created file geodatabase (step 3). This has to be done for each feature
class individually. This tool saves the features as layers to the file geodatabase.
A variable input is located here. In the example, the shapefile of a dune, Kupstendune5.shp,
is used. Any shapefile within the borders of the lidar data can be used as input.
The next three steps all consist out of three steps, since the model has to execute the same
actions for each of the three created feature classes. In this step the shapefile
Kupstendune5.shp (as indicated in step 13) is used to make a selection within the aspect,
slope and contour maps. To obtain an optimal selection, the ‘INTERSECT’ relation is chosen.
This type of selection includes all the objects within the outlines of the shapefile as well as
the objects that are just outside of the area but have a section within.
In order to be able to use the selection of the area made in step 14, the selections have to be
saved as feature layers. The workspace for this is the created file geodatabase. This creates
three different maps in the shape of in this case Kupstendune5.shp: an aspect map, a slope
map and a contour map. These maps can be used to visualize dunes and their slope direction
and steepness. However to use their attribute tables, the statistics need to be dissolved.
The final step of the model is to dissolve the created features so that the attribute table
provides a useful oversight of the distribution of slope directions and steepness. This is done
by using the dissolve function. The output feature of this class is written into the
geodatabase. Every map is dissolved on the field of interest, AspectCode for the aspect map,
SlopeCode for the slope map and Contour for the Contour map. The contour map does not
necessarily have to be dissolved, however it is advisable to do so because it will downscale
the size to be more compatible with the aspect and slope maps. *

4.2.2 ASPECT AND SLOPE CODE S
Two tables containing information about aspect and slope codes are found below. ArcGIS by default makes use
of codes instead of the direct directions or angles. Hence the output data contained the codes. In the
visualization in the results section the slope direction is indicated in a radar and the slope steepness by both
the slope code as well as the actual degree of steepness.
Table 1 The meaning of the aspect codes used by ArcGIS. The first column shows the codes, the second column shows the accessory
slope direction and the third column indicates the range of the slope angle in degrees (Esri, 2014-3).

Code

Slope Direction

Slope Angle Range

-1

Flat

No Slope

1

North

0–22.5

2

Northeast

22.5–45
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3

East

45–135

4

Southeast

135–180

5

South

180–225

6

Southwest

225–270

7

West

270–315

8

Northwest

315–337.5

9

North

337.5–360

Table 2 The meaning of the slope codes used by ArcGIS. The first column shows the codes, the second column shows the slope
percentage and the third column indicates the range of the slope angle in degrees (Esri, 2014-4).

Code

Percent

Degree Range

1

0.00 — 1.00

0.00 — 0.57

2

1.00 — 2.15

0.57 — 1.43

3

2.15 — 4.64

1.43 — 2.66

4

4.64 — 10.0

2.66 — 5.71

5

10.00 — 21.50

5.71 — 12.13

6

21.50 — 46.40

12.13 — 24.89

7

46.40 — 100.0

24.89 — 45.00

8

100.0 — 1000.0

45.00 — 84.29

9

1000.0 <

84.29 — 90.0
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5. RESULTS
The results obtained by the research can be reproduced with the model, which is included in the appendix.
5.1 CREATED FEATURES
The map below shows the terrain dataset that was created by using the model to preprocess .las files. It shows
the researched area and its elevation above sea level in meters. The extent of the area on the coordinate
system ETRS_1989_UTM_Zone_33N is 3390000,00 to 3395999,99 from left to right and 5773999,00 to
5766000,00 from top to bottom. A similar terrain dataset has been made by hand before in order to help
create the shapefiles of the individual dunes that are categorized into three groups: Parabolic, Hummocky and
Longitudinal. The dunes are indicated in the figure by type and number.

Figure 3 Map containing the created terrain dataset and all individual dunes, marked by color and number. The terrain dataset shows
the elevation of the area in meters with a Z tolerance of 1.5.
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5.2 DUNE STATISTICS
The model has been used on all individual dunes, creating a large amount of output statistical information. The
statistics described here are considered the most important ones in characterizing the feature of dunes. For an
example of the model output for an individual dune, see appendix 10.4. More details about dune slope
directions can be found in appendix 10.3.
Below the most important statistics and characteristics of each individual dune are described.
5.2.1 PARABOLIC DUNES
Parabolic dunes are shaped like a parabola.

Figure 4 Shape of a parabolic dune, the arrows indicate sand movement directions caused by wind (De Boer, 1995)

In this area they are characterized by a steep slope side towards the northeast and another side that is more
even on the southwest. The slope direction weighs to the southwest, since that side has the largest surface.
However parabolic dune 5 and 8 have a slightly differing direction from the other dunes, the main slope
direction appears to be southwest.
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Slope Direction Occurence of Parabolic Dunes 1-8 in
Percentages
North
35
30
25
20
15
10
5
0

Northwest

1
2
3
4

West

5

Northeast

East

6
7
8

Southwest

Southeast

South
Figure 5 Radar chart showing the occurrence of slope directions for each individual parabolic dune in percentages

The figure below shows the steepness of the parabolic dunes. The area of each dune is measured by the model
and divided into eight slope codes, indicating the steepness of each division. The parabolic dunes are
characterized by a high occurrence of slope code 5 areas, as well as a significant amount of slope 4 and 6 codes.
Slope codes 1, 2, 3, 7 and 8 are almost nonexistent.

Slope Code Occurrence in m² of Parabolic Dunes
120000.00
100000.00
80000.00
60000.00
40000.00
20000.00
0.00
Dune Nr. 1

Dune Nr. 2

Dune Nr. 3
1

2

Dune Nr. 4

Dune Nr. 5

3

6

4

5

7

Dune Nr. 6

Dune Nr. 7

Dune Nr. 8

8

Figure 6 Parabolic Slope Code occurrence in m2 per individual dune. Slope codes indicating steepness in degrees (1 = 0.00 – 0.57, 2 =
0.57 – 1.43, 3 = 1.43 – 2.66, 4 = 2.66 – 5.71, 5 = 5.71 – 12.13, 6 = 12.13 – 24.89, 7 = 24.89 – 45.00, 8 = 45.00 – 82.29) are each given a
different color
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5.2.2 HUMMOCKY DUNES
These type of dunes are also called irregular dunes. They have no specific shape like the parabolic dunes do.

Figure 7 Shape of hummocky dunes, the arrow indicates wind direction (De Boer, 1995)

The figure below showing the most occurring slope directions shows the lack of any specific shape. The figure
containing the slope degrees also shows a different pattern than that of the parabolic dunes. With exception of
dune nr. 2, slope codes 4 and then 5 occur most often.

Slope Direction Occurrence of Hummocky Dunes
1-5 in Percentages
North
25
Northwest

20

Northeast

15
10

1

5

2
3

West

0

East

4
5

Southwest

Southeast

South
Figure 8 Radar chart showing the occurrence of slope directions for each individual hummocky dune in percentages
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Slope Code Occurrence in m² of Hummocky Dunes
250000.00

200000.00

150000.00

100000.00

50000.00

0.00
Dune nr. 1

Dune Nr. 2
1

2

Dune Nr. 3
3

4

5

6

Dune Nr. 4
7

Dune Nr. 5

8

Figure 9 Hummocky Slope Code occurrence in m2 per individual dune. Slope codes indicating steepness in degrees (1 = 0.00 – 0.57, 2 =
0.57 – 1.43, 3 = 1.43 – 2.66, 4 = 2.66 – 5.71, 5 = 5.71 – 12.13, 6 = 12.13 – 24.89, 7 = 24.89 – 45.00, 8 = 45.00 – 82.29) are each given a
different color

5.2.3 LONGITUDINAL DUNES
The longitudinal dunes have a distinct shape on both the terrain map and the slope direction radar, as well as a
characteristic occurrence of slope codes.

Figure 10 Shape of longitudinal dunes, the arrows indicate wind direction (De Boer, 1995)

The figure below shows a high slope direction occurrence directed to the north and south, while slope
directions to the east and west are almost nonexistent. The slope steepness figure shows a high occurrence of
slope codes 4 and 5, followed by slope codes 3 and 6, while 1,2,7 and 8 are very small.
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Slope Direction Occurence of Longitudinal Dunes
1-4 in Percentages
North
40
35
30
25
20
15
10
5
0

Northwest

1
2
3

West

Northeast

East

4

Southwest

Southeast

South
Figure 11 Radar chart showing the occurrence of slope directions for each individual longitudinal dune in percentages

Slope Code Occurrence in m² of Longitudinal Dunes
50000.00
45000.00
40000.00
35000.00
30000.00
25000.00
20000.00
15000.00
10000.00
5000.00
0.00
Dune nr. 1

Dune Nr. 2
1

2

3

Dune Nr. 3
4

5

6

7

Dune Nr. 4

8

Figure 12 Longitudinal Slope Code occurrence in m2 per individual dune. Slope codes indicating steepness in degrees (1 = 0.00 – 0.57, 2 =
0.57 – 1.43, 3 = 1.43 – 2.66, 4 = 2.66 – 5.71, 5 = 5.71 – 12.13, 6 = 12.13 – 24.89, 7 = 24.89 – 45.00, 8 = 45.00 – 82.29) are each given a
different color
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6. DISCUSSION
In this section the results will be discussed, as well as the model and its downsides. Finally the difficulties of the
research will be highlighted.
6.1 INTERPRETATION RESULTS
The results show characteristics of three categories of dunes, found in their slope direction and slope
steepness. These results are visualized and used to calculate averages. Although this provides a good estimate
of the statistics of dune types, it must not be forgotten that every dune is unique. The type of radar figures that
have been used to visualize the slope directions has been chosen because they do not only show the
similarities of the dunes, but also because they show the differences. For example the fourth longitudinal dune
has a slightly differently oriented slope direction than the other three longitudinal dunes. The reason for this
can be seen in the terrain map in section 5.1: the fourth longitudinal dune is oriented from the south-east to
the north-west, instead of east to west like the other three longitudinal dunes. This makes no difference for the
average slope steepness, but the slope direction average is directly altered by this.
Despite this, the results are still significant, as can be seen from the table below. The rows summarize the
information about the slope direction, slope steepness, height and wind direction of the overall dune statistics.
Examples of these characteristics are given by visualizing one dune of every type (specified in the ‘Dune
Numbers’ column with a *) with a map showing the outlines of the dune combined with the created terrain
dataset and contour map as well as the used orthophotos (GeoBasis, 2014). The last column of the table shows
cross sections of the marked example dunes.
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Table 3 Dune characteristics summarized

Longitudinal

Hummocky

Parabolic

Type of
Dune

Aspect
Characteri
stics

Slope
Steepness
Characteri
stics

Contour
Characte
ristics

Wind
Direc
tion

Dune
Numbers

Southwest
most
common
slope
direction

Slope code
5 most
common,
followed
by 4 and 6

6-12m in
height

North
-East

Examples
1-2-3-4-67*

North and
South
most
common
slope
directions,
small
difference
with other
directions

Slope
codes 4
and 5 most
common

4-8m in
height

Significant
preference
to North
and South
slope
directions

Slope
codes 4
and 5 most
common,
followed
by 3 and 6

Example Dune

Cross Section (x- and yaxis in meters)

Exceptions
5-8
-

Examples
1-2-3*
Exceptions
4-5

4-16(6
when
disregard
ing dune
4)m in
height

North
/
North
-East

Examples
1*-2-3
Exception
4

The parabolic dunes show a tear-like shape in the radar figure, meaning the slope direction of the most levelled
side has the highest occurrence (in this case the southwest). This can be explained due to the fact that this side
has the largest surface area. A possible explanation for this is the wind direction that provides a supply of sand
from the southwest. The larger size of the levelled side compared to the steep side also explains the figures in
the table: a high occurrence of slope code 5, followed by 4 and 6. The levelled side that increases in steepness
consists out of slope code 5 and 4, while the smaller but steeper side at the other end of the dune rim has an
average slope code of 6. Parabolic dune 5 and 8 have a slightly different orientation, but this has no effect on
the average slope steepness.
The hummocky dunes are completely different from the parabolic dunes when comparing the radar figures.
The slope direction is evenly spread, indicating that the shape of the dunes seen from above is close to that of a
circle and in 3D looks like a dome. Noted must be that the hummocky dunes are smaller than the parabolic
dunes. This may affect the accuracy of the statistics. Also there were five hummocky dunes used, whereas eight
parabolic dunes were analyzed. Also the second hummocky dune is larger than the other hummocky dunes and
has a large area with slope code 1. To stay consequent the dune has still been used in calculating the total
slope steepness average, but the gravity of this single dune has skewed the final results significantly.
Longitudinal dunes have the most visible characteristic in the slope direction radar figure compared to the
other types of dunes. The longitudinal dunes have the shape of a straight line. This explains the high values of
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northern and southern slope directions. It can also be noticed that the fourth longitudinal dune is oriented
differently from the other three, but still has the same shape in the figure. The table indicates that the slope
steepness of all four longitudinal dunes have the same proportions.
A difficulty that can influence the results of the dune statistics is the manually drawing of the outlines of the
dunes. The area has multiple dunes, of which several intersect with each other. Choices have to be made
concerning where one dune ends and the other begins. Therefore to further improve the results of this
research and the accuracy of the model output, it is advisable to obtain more lidar data from different areas
that have dunes and run the model for those dunes. The more dunes are included in the total statistics pool,
the more accurate the characteristics will become.
6.2 THE MODEL
The creating of the model was not an original goal of this thesis. However since processing in ArcGIS can take a
long time, depending on the size of the data one is working with and the available CPU, it has become a
valuable addition. The model consumes less time in between steps than manually walking through them.
Another reason for creating this model is that it provides a quick oversight of the tools used for this analysis,
the output files created and the settings and input required to gain useful results. Is also adds a clear structure
to the overall workflow. Finally, the model enables one to simply insert lidar data and a self-drawn shape file
and run the model to obtain statistics of the area under the shape files location and is therefore very time
efficient and simply to use.
There are also downsides to the model. The results created by the model do not have the perfect resolution for
every type of file. It requires more fine-tuning and optimization to work properly with for example lower
resolution data. Also the area or dunes still have to be hand-drawn. As a future improvement of the model, it
could be possible to improve it so that this step can be automated too.
As for the tables including the statistics of the parabolic dunes, these contain only a few dunes. To further
increase the precision of the features of parabolic dunes, it would be optimal to include as many shape files as
possible. While doing so, the aspect codes should also be narrowed down to a higher resolution, to prevent
data loss in processing the rough areas into percentages.
6.3 GENERAL DIFFICUL TIES
The problems that arose during this research mainly occurred while using ArcMap. The size of the data used
was considerably large, which led to an occasional crash or malfunction. Several issues were solved by
executing the last step or action again. However this can lead to multiple files with similar names of which not
all are functional. To prevent spending too much time on this, it is very important to give appropriate version
names to every step taken during the analysis. For example, instead of naming a file ‘Contour Map’, name it
‘ContourMap1.0’. This makes it easier to find back the best result and continue with the correct files.
A problem with the Model Builder is that certain steps require an output location different than the output
locations created in the model. The ability to choose from created locations is not available. Therefore the
output location has to be manually inserted, leading to a less flexible model. To minimize the effect of this
problem, the model has been configured to create an output folder directly on the C:\-drive. The downside of
this is that it is not possible to change the output location to a more highly preferred location on a computer
without changing the output location of several tools in the model.
However the model saves large amounts of time by automatically performing every consecutive step, it also
shows some issues. Besides using the C:\-drive directly as output location, it sometimes requires multiple runs
to run the complete analysis. This does not always happen and is different on every computer, but sometimes
when the model runs for the first time the following problem occurs: the model does not recognize the file
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created in tool 1 and can therefore not continue to use the file as input for tool 2. This prevents the model
from completing all tools successfully. Suggested for this is to simply run the model again if it did not complete
the analysis, or run it starting from the tool where the model stopped.
Another strange thing about the model is the input variables. If the path to the input data (the .las files and the
shapefile) is the same as on another computer and the proper files are located in the correct location, the
model does not recognize them as input. Therefore it is always important to manually select the input variables
to be used in the model. This takes away the option of including the used files in the model permanently and
running the model as done for this research without applying new paths to the lidar and shapefile data.
However this may seem as a downside, it also makes sense since the model can be seen as a formula, and
when one does not replace the A and B in ‘A + B = X’ with a number, there will also be no outcome X.
6.4 RECOMMENDATIONS
To increase the value of this research and the model, it is important to improve the model. The ArcGIS model
builder function is user-friendly and the model is easy to edit. Several issues with the model might be solved by
using older or newer versions of ArcMap. In this research, only one version has been used. It is recommended
when trying to improve the model to use different versions while looking for improvements.
Another way is to obtain data from a larger area and apply the model to as many dunes as possible. This will
help in better defining the characteristics of multiple types of dunes. Also will it help to smoothen out
irregularities like hummocky dune 2.

7. CONCLUSION
In conclusion to this research the main question will be repeated together with its sub questions and an answer
to each will be provided. The sub questions are the following:

-

How can parabolic, hummocky and longitudinal dunes be recognized while using ArcGIS in
order to analyze them using lidar data?

The most practical way to recognize dunes of different types in an area is to first create a terrain dataset using
the available lidar data. With this terrain dataset, it is possible to create different maps, of which a surface
aspect, surface slope and surface contour map seem to be the most useful. When the terrain dataset is set to
symbolize the elevation of the area, it can be combined with the other three maps by using different
transparency settings. In the same way, web services providing orthophotos (GeoBasis, 2014) can be added to
increase the visual quality of the overall picture.

-

What type of statistics would be useful in statistically describing different types of dunes?

The advantage of analyzing dunes or other geomorphological features with relief is their slopes. ArcGIS can
recognize these and perform statistical analyses on them. For this research, the slope direction and the slope
steepness have been chosen so describe different types of dunes.

-

How can new techniques in ArcGIS using lidar data contribute to future research in adjacent
and in other areas?

The model builder function is a helpful tool when it comes down to contributing to future research. The
function makes use of tools and features that are used in ArcMap and can therefore be reproduced outside of
the model, as well as in other models. This gives opportunities to experiment with other tools and add them to
the model if they can improve it. Also, by providing the ability of using variables like shapefiles and .las data,
users are enabled to obtain different data and use them as input. This will help speeding up other research,
since the preprocessing and analysis have been automated.
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These three sub questions and their answers helped coming to the following conclusion about the research
question: ‘What is the geomorphological structure of parabolic, hummocky and longitudinal dunes located in
the dune fields in the Central Baruth Ice-Marginal Valley in the German state Brandenburg and how can these
structures be quantified into a statistical summary with the use of lidar datasets in ArcGIS?’.
Every type of dune has its own specific structure. These structures can be seen best combining the summarized
statistics of a surface aspect and a surface slope map of multiple individual dunes of the same category. In the
slope direction radar figures in the results the parabolic, hummocky and longitudinal dunes show a respectively
tear-like, round and a stretched line shape. The slope steepness tables add unique proportions in the
occurrence of slope codes to each type of dune. Combined, those statistics give a good impression of the
geomorphological structure of dunes.
This type of research concerning lidar data is important to improve the available pool of knowledge about
geomorphological features of the earth and helps identifying and categorizing areas that are hard to travel to
and covered by canopy, rendering satellite images less valuable. Though using lidar data in ArcGIS may require
high-end computer systems the ArcGIS model builder has its flaws, the great resolution and many possibilities
provided by the combination are worth the investment.
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10. APPENDICES
The actual model, the lidar data, the created dune shapefiles and the model output used for this research can
be accessed from the following link to google drive: https://drive.google.com/folderview?id=0B-UlD3Bq6q7SEFiVEgyd3Q1Mjg&usp=sharing .
10.1 THE MODEL

Figure 13 The model as used for this analysis, exported from the ArcGIS Model Builder.

10.2 ARCGIS MODEL STEP DETAILS
These are the exact settings as used in the analysis. These steps can be performed individually in ArcGIS. For
further explanation on the individual steps, see chapter 4.2.1 Model Steps. Note that the execution time differs
depending on the CPU of the computer the model runs on and the size of the .LAS input.
1

2

21 | P a g e

3

4

5

22 | P a g e

6

7

23 | P a g e

7

8

24 | P a g e

25 | P a g e

9

10

11.1

26 | P a g e

11.2

11.3

27 | P a g e

12.1

12.2
28 | P a g e

12.3

13

29 | P a g e

14.1

14.2

14.3

30 | P a g e

15.1

15.2

31 | P a g e

15.3

16.1

32 | P a g e

16.2

33 | P a g e

16.3

34 | P a g e

10.3 INDIVIDUAL DUNE RESULTS
The results per individual dune, sorted by type are shown here.
10.3.1 PARABOLIC DUNES
Parabolic Dune number 1:
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Figure 14 Radar chart showing the occurrence of slope directions of parabolic dune 1 in percentages

Parabolic Dune number 2:
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Figure 15 Radar chart showing the occurrence of slope directions of parabolic dune 2 in percentages

Parabolic Dune number 3:
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Figure 16 Radar chart showing the occurrence of slope directions of parabolic dune 3 in percentages

Parabolic Dune number 4:
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Figure 17 Radar chart showing the occurrence of slope directions of parabolic dune 4 in percentages

Parabolic Dune number 5:
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Figure 18 Radar chart showing the occurrence of slope directions of parabolic dune 5 in percentages

Parabolic Dune number 6:
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Figure 19 Radar chart showing the occurrence of slope directions of parabolic dune 6 in percentages

Parabolic Dune number 7:
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Figure 20 Radar chart showing the occurrence of slope directions of parabolic dune 7 in percentages

Parabolic Dune number 8:
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Figure 21 Radar chart showing the occurrence of slope directions of parabolic dune 8 in percentages

Parabolic average:
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Figure 22 Radar chart showing the occurrence of slope directions of all parabolic dunes combined in percentages

10.3.2 HUMMOCKY DUNES
Hummocky dune number 1:
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Figure 23 Radar chart showing the occurrence of slope directions of hummocky dune 1 in percentages

Hummocky dune number 2:
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Figure 24 Radar chart showing the occurrence of slope directions of hummocky dune 2 in percentages

Hummocky dune number 3:
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Figure 25 Radar chart showing the occurrence of slope directions of hummocky dune 3 in percentages

Hummocky dune number 4:
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Figure 26 Radar chart showing the occurrence of slope directions of hummocky dune 4 in percentages

Hummocky dune number 5:
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Figure 27 Radar chart showing the occurrence of slope directions of hummocky dune 5 in percentages

Hummocky average:
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Figure 28 Radar chart showing the occurrence of slope directions of all hummocky dunes combined in percentages

10.3.2 LONGITUDINAL DUNES
Longitudinal dune number 1:
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Figure 29 Radar chart showing the occurrence of slope directions of longitudinal dune 1 in percentages

Longitudinal dune number 2:
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Figure 30 Radar chart showing the occurrence of slope directions of longitudinal dune 2 in percentages
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Figure 31 Radar chart showing the occurrence of slope directions of longitudinal dune 3 in percentages

Longitudinal dune number 4:
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Figure 32 Radar chart showing the occurrence of slope directions of longitudinal dune 4 in percentages

Longitudinal average:

Slope direction occurence of
combined longitudinal dunes in
percentages
North
30
Northwest

20

Northeast

10
West

0

Southwest

East

Southeast
South

Figure 33 Radar chart showing the occurrence of slope directions of all longitudinal dunes combined in percentages
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10.4 EXAMPLE MODEL O UTPUT
Since every dune has its own output maps created, Parabolic Dune 1 has been chosen to use as an example to
indicate what these maps looks like. Including every map for every dune is unnecessary, however if one would
still like to view these maps of other dunes, the model can be used to reproduce them.

Figure 34 Map containing the surface aspect tool result of parabolic dune 1 where the colors indicate the slope direction, with the
terrain dataset showing the elevation of the area in the background
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Figure 35 Map containing the surface slope tool result of parabolic dune 1 where the colors indicate the slope steepness, with the
terrain dataset showing the elevation of the area in the background
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Figure 36 Map containing the surface contour tool result of parabolic dune 1 where the black lines indicate the height of the area in
different levels, with the terrain dataset showing the elevation of the area in the background
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