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1. SUMMARY

This research givesbetter understanding of the possibilities of lidar dab analyze geomorphological
features in landscape# modelmade with the ArcGIS model builder functisnincluded that automates the
process of analyzing an area by providing information on three subjectsidapedirection, the slope
steepnesand thecontour lines of any selected area. This model has been used on sevecdagsidied
parabolic dunes isomedune fieldsin the Baruth Icenarginal valley ilBrandenburg, Germany. The results
provide data of the geomorphological features of thetinesand a model thatan be used t@analyzedunes
using lidar data throughout the world. Although in this research the model is only used on parabolic
hummocky and longitudinalunes, it can be used on any type of geomorphological feature that cangain
height difference. While it will take time tanprove the model andine-tune it for compatibility with other
resolutions of lidar datat 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 existingeglogical maps. The objective of this analysis is torfiode detailed

statistics of parabolic dunes in the Brandenburg dune field #raahave not yet beemappedby other

means of data processing in ArcGIS. This research contains several poirgsest itat make it unique and
valuable. These points will be described below.

3.1 LIDAR

[ARIFNI A& Iy IT0OONBGAFGAZ2Y GKFG 2NAIAYFiSa FNBY (GKS 42N
used during this research, however there are multiblg 2 6y g 8a& 2F gNARGAYy3I GKS SN
0!'aySNI SG X HAaMHOZ WEARFINR 6! { D{ Z H noooddathwitRx W[ A Rl NI
y-, and zvalues, which are obtained by emitting infrared laser beams from airplanésalculating the

differences in the time between emitting and receiving the beams (Airbornel, 2014).

Figurel An aircraft collecting x y-, and zdata (GEO Informatics, 2008).

3.1.1POSSIBILITIES

The data density of lidar 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 Ki[28R4)
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are: calculating canopy fuel capacity for use in fire behaviadet® 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 lidarse by other students at the University of Amsterdam are: quantifying forest
density patterns and extracting the distribution of spatial biomass of forests.

3.1.2USE IN THIS RESEARCH

For this research the use of the datéll 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. Byombiningthe information from this lidar data talready existing maps of the area, such

4 59aQa o05A3IAGFE 9fSPLFiA2Yy az2RStav: 3ISPENBBRIKDE 23A0!I f
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 Bble to utilize lidar data without long loading times, it is important to

extract smaller pieces of data and etlieseso that the computing times will not hinder the research. That is

an important aim of this research: the expanding of knowledge on lwust lidar data.

3.2 BRANDENBURG

Therefore an area in Germany, BrandenbisrgesearchedThe reason for specifically choosing Brandenburg is
that the area has many interesting geological and geomorphological feaflinese are formed by:

1) The forces oglacier advances during the Saalian and Weichselian ice ages in the form of
push and groundmoraines and glacial halts (Juschus, 2001).

2) Melting water in the icemarginal valleys (Marcinek, 1961; Juschus, 2001).

3) The wind that build cover sands and dunds Boer, 1995).

The results of these geological events can be seen in the landscape (GdaBasd, 2013). The forms, height
and composition of the landforms show visible effects of the plastving behind a wide range of
geomorphological features likbe parabolic dunesBy 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 SystéhigGIS).
program issuitedfor editing geographical and geological data and processing them into useful maps that
provide quick oversight of areas and their propertikslso contains a user friendly function in which models
can be built toautomate processe The program is used by several companies and universities in the
Netherlands and other countries and is therefore beneficial to use (Esri;2014

3.3.1 TRAINING

To be able to work with and edit lidar data, a set of coupevided by ESREave benfollowed. 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
FNBY WalylhdrxyAy[ AROWLE mMnQ> Walyl3IAy3I [ARFNISFGF | &Ay
'aAy3 az2zal A0 5FGFrasSia oF2) ! NODL{ ManodmM0oQ O09aNAR ¢NIFAYA
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3.4RESEARCH QUESTION

The aim of the research can be summarized in the research question:

W2 Kig thegeomorphological structure gfarabolic, hummocky and longitudinal dunes locatethim dune
fields in the Central Baruth lddarginal Valley in the Germartese Brandenburg and how can thestuctures

be quantified into a statistical summary withthe 8eF £ ARl NJ RIF G4FaSda Ay ! NODL{ KQ

To further specify this question, a set of sub questions came into being, which are formulated below.

3.4.1SUB QUESTIONS

Several sub questions are formulated to help answering the main research question.

- Howcanparabolic hummocky and longitudinalunesbe recognized while using Arc@iS
orderto analyzehem usindidar data?

- What type ofstatisticswould beuseful instatistically describing different types of durtes

- How can new techniqudga ArcGIS using lidar datartribute to future research in adjacent
and in other areas?

3.5 THE REPORT

This report catains the following sections: the ethodsused including the model and its functiothe results
discussiorand conclusioriollowed bya special thanks anithe references and ended with an appendix
containing figures and maps.

4. METHOD

This research has been conducted with the o§the software program ArcMap v10.2.1. The first step was to
2001 Ay § ARZINVERSIAIQIES 2ZFNTOWKMar dat @adrévifed by ahdesvermessung und
Geobasisinformation Brandenburg (LGB, 200Dfice the data was obtained, it needed to be processed

order to obtain .LAS files to be used in ArcGlfs is done by using theéAStool txt2lagRapidlasso, 2014)

Steps to successfullyse this tookre:

Renamehe file extension from .xyz to .txt

Openthe windows command prompt

Browse to the folder location where the files are stored

¢ 2 LIS (KS QarecwTrogiRastoobinktxt2las.exe C:
\Bachelor_Research_20d4serscan_Rohdaten_Schoebentlidtpuls_unklassifizieY8907

62 fptxt2 opnTcHYFLAPE I & LI NBS EeT Q 602YY!l YR
the data is stored)

=a =4 —a -8

The.LASiles were transformed into multipoint features wdh 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
ArcGISThese maps were used to perform the statistical analysis with. Wieey downscaled to thsize and
location of the shapefiles of parabalisummocky and longitudinaunes, which had to be drawn based on
manual inspection with the help of the terrain dataset, older maps of dune classificatiored) aervice
providing orthophotos anather avalable georeferenced maps. After applying the surfaamsto the terrain
dataset,the surface of the drawn dune shapefilegre used to rake a finer selection of datdhe dissolve
function was used to easily obtain the cumulative surface values ofthetsurface aspect and the surface
slope map.
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4.1 MATERIALS

1 Account for GIStudio at the Science Park of the University of Amsterdam.

ArcGIS version for home use

Computer that supports ArcGIS software

Two 16GB US&icks

Lidar Dataof Brandenburg areéile numbers390764, 390766, 390768, 390770, 390772,
392764, 392766, 392768, 392770, 392772, 394764, 394766, 394768, 39477(®,39477
396764, 396766, 396768, 396770, 398y

1 Variety of GIS maps of Brandenburg area (GeoBdsisGB, 2013)

= =4 —a -8

4.2 THE MODEL

Amodel that automates the procedsom 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 caedas a toolbox. It requires
three inputs: a folder location fothe model outputlidar data(as .las filesand a shapefile marking the area

that needs to be analyzed@he model runs through 16 steps and makes use of 23 ArcGIS tools found in the
system toolboxes. The steps of the model are described bdtowthe exat input used in this analysis and a
visualizatiorof the individual steps, see appendix 10.2.

CR A R T,
HeoEeTeSee w6 I
/ [——]4 15.2 162

Figure2 The Model as used in final analysis. Blekipsisindicate variableginput files), yellow boxes indicate tools and greerubbles
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 amuailly indicatedThis

means that when a different location than the standartli@an Model is chosen for writing the output to, the

folder location of these stepsight haveto be manually eifed before running the model. To prevent path

errors it is adisable tocreate a folder onthe CRNA @S y I YSR Wi A Rl NIb&oreaundirfg | & dzo F 2
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 focusedmeprocessing the data. This step creates a
F2ft RSNJ yI YSR Wa2RSthdzliLldzi Qz G4 yé OK2aSy f 2(

3) A filegeodatabase is created, which allows the outpfithe modelto be organized in.

4) When working with lidar data, it isecessaryo createa terrain dataset. In order to do so, a
feature dataset is neededror this particudr data the coordinate system
ETRS 1989 UTM_Zone_ 33N is usidte that when working with other data, different
coordinate systems may work better. This depends on thetime®f 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. Aro@1&sa wizard to do so, however this
wizard is not included in the model builder. Therefore the creation of the terrain dataset is
split up intofour steps: The creating of the terrain, the adding of pyramid leartsa
feature class, and finally the buildiofthe terrain dataset. This step creates a blank terrain.
The average point spacing is set tdr which is derived from creating a point density file
YIRS F2ft26Ay3a GKS 9aNR O2dz2NBS WhThblaldeA y3 [ AR
differsdepending 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-zalues of 0,25 0,5 1 and 1,5. The corresponding mapseaé 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 walue of 0,25 providing the highest accurdy also the longest computing
time, the zvalue of 1.5 the lowest accuracy while still usable and the fastest contptithe.
Using lower magscales (for example 1:500&n result in extremely long computing times,
while using higher mapcaleqfor exanple 1:50000Will 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 .laefiesdtile
numbers390766, 390768, 390770, 390772, 392766, 392768, 392770, 392772, 394766,
394768, 394770, 394772Xo0vering the selected dunes for this researthe files are
inserted into the model in step 8.

8) Here the .las files are processed into a multipoint feature sanged to the terrain feaire
dataset created in step 4. The input of this tool requires .las files, which can be stored
anywhere on the PC the metruns from. For this analydise path
C\lidan Model Geodatabasd-eatureDatas&MultipointFeatureis used since the terrain
feature dataseheeds to contairthis multipoint feature in ordercontinue creating the
terrain dataset The coordinatesystem should be indicated a$fS_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 bulldthis step the actual cream of the usable
terrain dataset takes place and therefarey 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 consis 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 draWme 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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aspect tool, the Aspect Field (optional) is fillachs AspectCode, theastdardcode used for
indicatingslope direction$y ArcGISThe 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 unitsFor the contour mapa contour inteval 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 linEsr optimal computing time and data
accuracy, the pyramid level of GbchosenThelastoption that is adjusted is the output
location of the fe&ures that are created.*

12) To be able to continue working with the feature classes just created, they must be edited to
functionwithin the created file geodatabase (step 3). This ko be done for each feature
class individually. This tool saves the features as layers to the file geodatabase.

13) A variable input is located here. In the exampites shapefile of a duné&upstendune5.shp
is used. Any shapefile within the borders oé tidar data can be used as input.

14) 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 13jsisd to make a selection within the aspect,
at2LIS FyR O2y(2dz2NJ YI LA ¢2 2060GFAY Fy 2LIGAYL
This type of selection includes all the objects within the outlines of the shapefile as well as
the objects that are jusoutside of the area but have a section within.

15) In order to be able tase the selection of the area made in step 14, the selections have to be
saved ageature layers. The workspace for this is the created file geodatabase. This creates
three differentmaps 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.

16) 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 clagsiiten 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
necessariljhave to be dissolved, however it is advisalielb so because it will downscale
the size to be more compatible with the aspect and slope nraps.

4.2.2 SPECT AND SLOPE C®DE

Two tables containing information about aspect and slope codes are found b&to®!S by default makes use
of codes instead dahe 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 Themeaning of theaspectcodes used by ArcGIS. The first column shows the cptlessecond column shows the aessory
slope direction and the third column indicates the range of the slope arigldegreesEsri, 20143).

Code Slope Direction Slope Angle Range
-1 Flat No Slope

1 North 0i 22.5

2 Northeast 22.51 45
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3 East 457135

4 Southeast 135i 180

5 South 1801 225

6 Southwest 225i 270

7 West 2701 315

8 Northwest 3151 337.5
9 North 337.5i 360

Table2 Themeaning of theslopecodes used by ArcGIS. The first column shows the codes, the second column shows the slope
percentageand the third column indicates the range of the slope angtedegreegEsri, 20144).

Code Percent Degree Range
1 0.008 1.00 0.008 0.57

2 1.000 2.15 0578 1.43

3 21506 4.64 14306 2.66

4 4.648 10.0 2,668 5.71

5 10.00 6 21.50 5716 12.13
6 21.508 46.40 12.138 24.89
7 46.40 8 100.0 24.898 45.00
8 100.0 8 1000.0 45.00 8 84.29
9 1000.0 < 84.298 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

Themapbelow shows the terrain dataset that was created by using the model to preprocess .las files. It shows
the researched area and its elevatiahove sea leveéh meters.The extent of the area on the coordinate
systemETRS 1989 UTM_Zone 338K390000,00 t8395999,99 from left to right and 5773999,00 to
5766000,00 from top to bottomA similar terrain dataset has been made by hand before in order to help

create the shagfiles of the individual dunethat are categorized into three groups: Parabolic, Hummnyaakd
Longitudinal.The dunes are indicated in the figure by type and number.

Legend

D Longitudinal Dune

D Hummocky Dune
D Parabolic Dune

TerrainDataset

Z Tolerance: 1500
Elevation

82,998 - 87,25

78,746 - 82,998
[0 74493 78,746
B 70.241-7449
[ 65989-70.241

61,737 - 65,989
[ 57.484-61737

53232 - 57,484

48,98 - 53232

Terrain Dataset made with lidar data,
Brandenburg, Germany

0 875

1.750 3500 Meters

Figure3 Map containing the created terrain dataset and all individual dunes, marked by color and number. The terrain dataset shows
the elevation of he 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 charantgtize feature of dunes. For an
example of the model outpubr an individual dungsee 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 deendescribed.

5.2.1 PARABOLIC DUNE

Parabolic dunes are shaped like a parabola.

i F::':"ff ///

;l

] ?’ / ,‘zkf/
//%% Lee

R

\ '::'l‘t\

l!ﬁ\\.\hm

Figure4 Shape of a parabolic dun¢he arrows indicate sand movement directions caused by w{ixt Boer, 1995)

In this area they areharacterized by a steep slope stdevards the northeasand another side that is more
evenon the southwest The slope direction weighs to tlseuthwest since that side has the largest surface.
However parabolic dune 5 and 8 have a slightly differingction from the other dunes, the main slope
direction appears to be southwest.
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Slope Direction Occurence of Parabolic Dun&gri
Percentages

North
35

30
Northwest 25 Northeast

20

West East

Southwest Southeast

South

Figure5 Radar chart showing the occurrence of slope directions for each individual parabolic dune in percentages

Thefigure below shows the steepss 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 higbccurrenceof slope code 5 areas, as well as a sigaifi amount of slope 4 and 6 codes.
Slope codes 1, 2, 3, 7 and 8 are almost honexistent.

Slope Code Occurrencen® of Parabolic Dunes
120000.00

100000.00

80000.00

60000.00

40000.00

20000.00 | | ‘ |
0.00 . | - _an . | I _A - - I | | I -I _.I

Dune Nr. 1 Dune Nr.2 Dune Nr.3 Dune Nr.4 Dune Nr.5 Dune Nr. 6 Dune Nr.7 Dune Nr. 8

El @2 3 4 E5 H6E7 H8

Figure6 Parabolic Slope Code occurrence in g individual dune. Slope codérdicating steepness in degrees (1 = 0490.57, 2 =
0.57¢1.43,3=1.482.66,4=2.665.71,5=5.7%12.13,6 = 12.18 24.89, 7 = 24.89 45.00, 8 = 45.0Q 82.29)are eachgiven a
different color
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5.2.2HUMMOCKY DUNES

These type of dunes are also called irregular dunes. They have no specific shape like the parabolic dunes do.

: Kupsten-Dune

ARF
it

Figure7 Shape of hummocky duneshe arrow indicates wind directiof{De Boer, 1995)

The figure below showing the most occurring slope directghmns the lack of any specific shaféefigure
containing the slope degrees also shows a different pattern than that of the parabolic difitbsexception of
dune nr. 2, slopeodes4 and then Soccur most often

Slope Direction Occurrence of Hummocky Dunes
1-5 in Percentages

North
25

Northwest Northeast
— 1
— D

3 West East

—
— 5

Southwest Southeast

South

Figure8 Radar chart showing the occurrence of slope directions for each individual hummocky dune in percentages
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Slope Code Occurrencenw of Hummocky Dunes
250000.00

200000.00
150000.00
100000.00

50000.00

Dunenr. 1 Dune Nr. 2 Dune Nr. 3 Dune Nr. 4 Dune Nr.5

Bl m2m3 w4 @5 u6m7 W8

Figure 9 HummockySlope Code occurrence in np2r individual dune. Slope codeisdicating steepness in degrees (1 = 0€0.57, 2 =
0.57¢1.43,3=1.482.66,4=2.665.71,5=5.712.13, 6 = 12.18 24.89, 7 = 24.8§ 45.00, 8 = 45.0Q 82.29)are eachgiven a
different color

5.2.3LONGITUDINL 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.

Strich- oder Ldngsdiine

Proximalteil Distatteil

e

I

Il

Figurel0 Shape of longitudinal duneghe arrows indicate wind d@ection (De Boer, 1995)

The figurebelow 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 steefigassshows a high occurrence of
slope codes 4 and, $ollowed 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

Northwest 30 Northeast
25
20,

West East

Southwest Southeast

South

Figurell Radar chart showing the occurrence of slope directions for each individual longitudinal dune in percentages

Slope Code Occurrencerint of Longitudinal Dunes
50000.00
45000.00
40000.00
35000.00
30000.00

25000.00

20000.00
15000.00
10000.00
5000.00 I I I I I
O | | K |||

Dunenr. 1 Dune Nr. 2 Dune Nr. 3 Dune Nr. 4

El E2 3 54 E5E6H7 H8

Figurel2 LongitudinalSlope Code occurrence in npr individual dune. Slope coderdicating steepness in degrees (1 = 0€90.57, 2 =
0.57¢1.43,3=1.482.66,4=2.665.71,5=5.7%12.13, 6 = 12.18 24.89, 7 = 24.89 45.00, 8 = 45.0Q 82.29)are eachgiven 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 INTERPRETATIORSRLTS

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 avekiieaghthis provides a good estimate

of the statistics of dune types, it musbt 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 extragtaurth longitudinal dune

has aslightlydifferently 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-sasitto

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, theesults are still significant, as can §&en from the table belowlhe rows summarize the

information aboutthe slope direction, slope steepness, heightdwind directionof the overall dune statistics.
Examples of these characteristics are given by visualizing one dune of everfgpgoifiR Ay G KS W5dzy S
bdzyo SNE Q O2 twiln¥ayhapshbvinitheloutlings of the dune combined with the @ed terrain

dataset and contour map as well as the used orthophotos (GeoBasis, 2014). The last column of the table shows
cross sections of the markexkample dunes
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Table3 Dune characteristicsummarized

Aspect Slope Contour Wind Dune Example Dune Cross Sectiofx- and y
Characteri Steepness Characte Direc Numbers axis in meters)

stics Characteri ristics tion
stics

Southwest Slope code 6-12min North Examples
most 5 most height -East  1-2-3-4-6-
5 common common, 7
= slope followed B
= direction by 4 and 6 P
T 5-8
o
North and  Slope 4-8min - Examples & %
South codes 4 height 1-2-3* 845 L9
most and 5 most Sealms 41 .‘wv
common  common w5 L
slope 4-5 o i 2
> directions, s is ‘
e small - \
= difference s
§ with other
- directions
Significant  Slope 4-16(6 North  Examples
preference codes 4 when / 1*-2-3
g to North and 5 most f:ilsregard North Exception
s} and South common, ing dune -East
=} q 4
£ slope followed 4)min
§ directions by 3 and 6 height

0 5 10 15 20 25 30 35 40 45 S0 55

The parabolic dunes show a tdéiee shape in the radar figure, meaning the slope direction of the most levelled
side has the highest occurren(a this case the southwestThis 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 saexallains 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
averagye slope code of &arabolic 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 dirdion is evenly spread, indicating that the shape of the dusesn from abovés close to that of a
circleand in 3D looks like a domdoted must be that the hummocky dunes are smaller than the parabolic
dunes. This may affect the accuracy of the statsstAlso there were five hummocky dunes used, whereas eight
parabolic dunes were analyzefllso 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 usedatiroglihe 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 directis. 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 tabieates that the slope
steepness of all four longitudinal dunes have the same proportions.

Adifficulty that can influence the results of the dune statistics is the manually drasfitige 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 ihthaer 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 includesltiotal statistics pool,

the more accurate the characteristics will become.

6.2 THE MODEL

The creating of the model was not an original gafahis thesis. However since processing\rcGIS can take a
long time, depending on the size of the data one@king withand the available CR has become a
valuable additionThe 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 dbtig used for thé analysis

the output files created and the settings and input required to gain useful results. la@dsoa clear structure
to the overall workflow. Finally, the model enables one to simply insert lidar data anddraetf shape file
and run the modeto obtain statistics of the area under the shape files location and is thereforeinsey
efficient and simply to use

There are also downsides to the modEhe results created by the model do not have the perfect resolution for
every type of file. Itequires more finguning andoptimizationto work properly with for example lower
resolution dataAlso the area or dureestill have to be handirawn. As a future improvement of the model, it
could be possibléo improve it so that this step can be autated 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 doingo, 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 DIFFITLHS

The problems that arose during this research mainly occurred while using ArcMapzd&ioé thie 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 functionalTo prevent spending too much time on this, it is very important to give appropriate version

yEyYySa (2 S@OSNE adGSL) (GF1Sy RdNAYy3I GKS ylfearaod C2N SE
W/ 2y {i2dz2NBF LIMDPnQd ¢ KA & Yésréddlt and GontiBue dvith hbldotiet fildsA y R 6 O1 (0 K

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 availalbiefofaéehe

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 thdrve. The downside of
this is that it is not pasible 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 thed@ve directly as output location, it sometimes requires multiple runs
to run the complete analysighis dos not always happen and is different on every computer, but sometimes
when the model runs for the first timéhe following problem occurs: the moddbes not recognize the file
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created in tooll and can therefore not continue to use the file as inputtfuwl 2. This prevents the model
from completing all tools successfuljuggested 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 modil 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 irapbtd 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
6KSYy 2yS R2Sa y2i NBLIwtteSunibé Serd willlalgobe no odtcgme®! b . T

6.4 RECOMMENDATIONS

To increase the value of thisgearch and the model, it is important to improve the model. The ArcGIS model
builder function is usefriendly and the model is easy to edit. Several issues with the nmoigit be solved by
using older or newer versions of ArcMap. In this research, améyversion 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 bdter 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 &n answ
to each will be provided. The sgjuestions 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 typesiiarea is to first create a terrain dataset using
the available lidar datawith 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 deteset 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 orthopf@tBasis, 2014pn be added to
increase the visual qualityf the overall picture.

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

The advantage of analyzing durasother geomorphological features with relisftheir slopesArcGIS 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 toefudisearch 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. Thiges 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. Thikeifl 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: W2 Ki ttie geomorphological structure of golic, hummocky and longitudinal dunes located in

the dune fields in the Central Baruth ib#arginal Valley in the German state Brandenburg and how can these
AUNHzOGdzNB& 06S ljdzZ yGATFASR Ayid2 | adlaAadgAOolrt adzyyYl NB

Every type of dune has its own specific structure. These structures can be searobdshingthe summarized
statistics of a surface aspect and a surface slope maputfple individual dune of the same category. In the
slope direction radar figures itné 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 statistica 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 tataare hard to travel to

and covered by canopy, rendering satellite images less valuable. Though using lidar data in ArcGIS may require
highrend 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 drifaétps://drive.google.com/folderview?id=08)-
ID3Bg6q7SEFiVEqQyd3Q1Mjg&usp=sharing

10.1 THE MODEL

Figure1l3 The model as used for this analysis, exported from the ArcGIS Model Builder.

10.2 ARCGIS MODEBTERETAILS

These are the exact settings as used in the analysis. These steps can be performed individually iroArcGIS.
further explanation on the individuateps, see chapter 4.2.1 Model SteNste that the execution time differs
depending on the CPU of the computer the model runs on and the size of the .LAS input.
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