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Summary
Long-axis orientation of gravel and sand particles has been used for determining the flow direction of
fluvial processes. In recent articles there has been a hint at the usability of this theory on Aeolic
processes. For this research there will be an analysis of samples taken in South Brandenburg in 1990
on Weichselian sand deposits using Object Based Image Analysis. These samples have not been
analysed yet and therefore can provide new insight in the wind direction during the
Weichselian/Holocene transition. Furthermore it will give the researcher experience with the needed
techniques so the analysing method can be evaluated. It is expected that the evaluation will provide
enough insight in the programs and techniques to adapt these insights into a new direction higher
accuracy, faster analysis, simpler workflow, or different workflow(s). The dominant orientations
found in the dune profile in Klasdorf, South Brandenburg, are North-South and East-West. Neither of
the 2 analysed changes in the method (changing the colour bands & changing the length-width ratio
limit) provided statistically significant result changes.
Key words: Aeolic, Wind-direction, OBIA, Long-axis, Geomorphology, Brandenburg.
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1. Introduction
Gravel and sand particles are orientated due to the effect of the flow on the oval shape of the grains.
The flow over the grains causes saltation which will result in repositioning of the sand grains and
depending on the landing surface and orientate the
long-axis parallel to the flow direction depending on the
surface. As visible in figure 1 the flow will thus turn the
sand grains in a way that the long-axis will be parallel
with the flow. As sand grains are not perfectly round
this effect should occur on all sand grains to some
degree. Long-axis orientation of grains in sandstone and
gravel has been used for a long time to determine the
flow direction of fluvial processes. In this research we
will look at the possibility of using this technique on
aeolian sediments (Boer, Form und Verbreitung der
Dünen im Gebiet, 1992a).
For aeolian processes this orientation is harder to
identify due to the smaller grain sizes of aeolic particles.
With the technologic progress of the last 20 years it has
become easier to identify and analyse samples
decreasing the time needed for determining the
orientation of aeolic sediments greatly.
Using OBIA to determine the dominant long-axis means
determining the dominant wind direction(s) at time of
deposit has become a fast analysis. Especially compared to manually counting and determining the
grain orientation that had to be done earlier. Because
Figure 1: A displays the effect of wind on sand
this analysis does not require a physical sample
grain saltation on a horizontal slope giving the
long-axis an orientation parallel to the wind flow.
(although that still is preferred) this can be used on for
B displays this effect on a slope which orientates
example images taken by the “Mars Rover Project”
the long-axis parallel to the slope (De Vet et al,
making it possible to identify wind direction on small
submitted).
scale (De Vet et al, submitted). If this method is a
success then the wind direction can be determined
accurately by using only remote sensing images (provided they have an accurate resolution).
Meaning that research that used to be done on field gathered data would not necessarily require
fieldwork anymore. This allows for the possibility of easily analysing remote places and even other
planets as long as there is an accurate enough image. Arguments for inferred wind directions can be
gained from looking at the larger scale geomorphology of the area (De Vet et al, submitted). An
advantage of using sand grain orientation OBIA to determine the wind direction is that the wind
direction can be determined on an exacter scale. As the previous methods of determining the wind
direction used the geomorphology of the dunes giving a rough estimate of the direction or using the
orientation of sand grains determined by manual work which is time consuming and gives a larger
risk at human error. Leading to a research goal that can be shortly summarised as: To successfully use
OBIA techniques for identifying the sand grain orientation and determine the wind direction during
the depositing.
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1.1 Geomorphology
The sample area lies in the south of the German province of Brandenburg (Fig 2).

Figure 2: The German province Brandenburg with south of Berlin the sample location. The red circle shows the location
of the former sand quarry (Google-maps, 24-06-2013)

This (former) Dune area was formed during the Weichselian Late Glacial when this area had periglacial geomorphologic processes. And it is during this time that the melt water from the icecap
flowed from east to west/north-west-west to the sea (M. Böse, 2011). The melt water deposited
medium to fine grained sands. When the ice cap melted and advanced again in relative short time
periods the melt water created terraces (Figure 3). On those terraces the glacio-fuvial sands where
redeposited by the wind as cover sands and dunes in this area.

Figure 3: The terraces are formed due to the change in melt water paths during a retraction of the icecap. Causing the
melt water to incise in the previously deposited sand. Going to up to 4 terraces in this region (Juschus, 2001). The sample
area used in this research is from the first deposit and thus on the highest terrace.

After the final melt down of the ice cap the sand began to drift forming cover sands and dunes. Due
to the melt water changing its flow path to new routes leaving the sand dry and able to drift.
Important for the formation of these dune systems is the direction of the wind. Which determines
the dune shape and the direction the sand is transported to. Another factor to be taken into account
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is the effect of the icecap on the wind direction. These large ice bodies create katabatic winds; these
winds form due to the cooling of the air on the ice masses causing the air to descent down the slope.
The longer the slope in this case the more ice in the ice cap the higher the wind speeds will be, in
case of a large icecap the wind would reach high enough speeds to have an effect on the deposit
sites.

Figure 4: The icecap Boundaries of the last 3 ice ages, data is from the location indicated with a red square to the south
east of Potsdam (A.Hilgers, E.Gehrt, A.Janotta, U. Radtke, 2001).
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1.2 Sample location
The sandpit where the samples were taken lies to the southeast of Klasdorf in South-Brandenburg
(See appendix 1). With a Northwest – Southeast orientation of the profile. This 35m long slope has
been sampled and inventoried in 1990-1991 by W.M. de Boer (Appendix 2). The data from that study
provided a number of insights about the area and the wind directions during time of deposition.
From the Slope soil layer transect (Appendix 1) it is noticeable that layer 6 gradually grows thinner
from Southeast to Northwest. This is caused by Aeolic transport which transported away more sand
in the Northwest then in the Southeast. From photographs of the sandpit it is noticeable that the
layer on top of the dark humus rich layer contains parts of the braunerde (Brown earth) layer that
lies underneath the humus layer. This sand was transported from the Northwest side of the sandpit
to the Southeast. This already indicates the direction of the wind during this depositing time. During
the study in 1990-1991 there were also 3 dating samples taken, 1 C14 dating and 2 TL(Thermo
Luminescence)dating’s, giving a date to a number of layers and thus to the samples that were taken
(Appendix 2). Additionally to these dating’s there was another way for a rough data estimate in the
form of pottery shards in the humus layer (Braunerde, layer with sample C Appendix 3) and in the
layer above that. Through archaeological interpretation these where dated at the late Bronze Age
roughly 3000 years ago for the humus layer and the Iron Age for the layer above. Meaning this part
of the profile was formed roughly 2000-3000 years ago.

2. Research questions
What was the dominant wind direction in South-Brandenburg during the Late Weichselian and Early
Holocene?
- Does the result match the literature?
Can the OBIA method be improved?
- Is there an effect on the results if different colour bands are used?
- Can the length-width ratio be used as a filter for a more clear segmentation?

3. Hypothesis
From a literature study and the geomorphologic landscape shapes in the area a north-easterly wind
is to be expected. This wind originates from the ice sheet covering the area to the north of the
sample location. Due to the cooling of the air above the ice this air will descent down the slope
cooling as it flows down. These katabatic winds from the ice sheet combined with the effect of the
Coriolis Effect will cause a north-easterly wind. This wind direction has been found in the research of
de Boer (Boer, Form und Verbreitung der Dünen im Gebiet, 1992a), de Vet(De Vet et al, submitted)
and Hoegen(2013).
The use of OBIA for determining sand grain orientation is a recent research method so there is
supposedly enough room and possibility for improvement. The usage of different colour bands will
probably not affect the results of the OBIA analysis in a significant way although it could have a
negative effect as found by M. Hoegen(2013), where the usage of only the blue colour band leads to
over-segmentation in eCognition.
As the Length width ratio also determines the possibility of extracting an accurate long-axis it is
possible that it could be used for a more clear result.
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4. Method
4.1 Sample method
These samples are made by creating a vertical profile of the soil, followed by using a tube to take a
horizontal sample see figure 5. The soil profile, layer names, depth, etc. is depicted in Appendix 3.
This tube with sand sample is dried and then
filled with resin to solidify the sand grain
orientation. The sample is then sliced and
grinded to a plate of 0.03 – 0.035 mm
thickness to allow for quartz grain polarised
imaging, this flatbed scanner uses the
interaction between quartz grains and light
to create high contrast images of the thin
section. This makes it easier to identify the
individual grains. As well as creating a clear
contrast between quartz grains and other
objects like roots, errors, disturbances, etc.
So the disturbances are easier identifiable.
The flatbed scanner creates the images used
in the OBIA. The scans of the thin sections
with the help of cross-polarised light (two
polarised sheets und a flat bed scanner)
were taken in 2012 by J. van Arkel. These
images are then processed using the Object
based Image analysis workflow to get to the
results.
From these samples layers A & B where only
processed as vertical thin sections, so this
case study uses samples C, D, E & F. By the
creation of the thin sections the process
gives two slides one of the top and one from
Figure 5: The soil profile of the sample location. The profile is
the bottom. This gave an extra thin section
1.95 meter deep with the C sample taken from the easily
for layers D & F. For this study they were
recognizable Braunerde layer. With the 6 sample tubes in
named DO DW and FO FW the O slide being alphabetical order from top to bottom (de Boer, 1990)
the top and the W being the bottom needing
a 180 degree vertical flip. In theory these samples should be about equal as the difference between
the two is about 0.03mm.

4.2 Dating methods

The 14C dating works by analyzing the decay of Carbon-14 isotopes. These 14C isotopes are unstable
and have a known half-life value. Organic matter usually contains two types of carbon, the unstable
14
C isotope and the stable 12C. The ratio between the isotopes can be used to date the sample as the
14
C decays at a steady rate; this gives a rough estimate of the age. Fine tuning the dates can be done
as there are fluctuations over time in the ratio of 14C /12C in the atmosphere, these fluctuations are
recorded in tree rings, cave deposit’s, glacial ice, etc. with this ratio data it is possible to give a
relatively accurate measure of age. However this type of dating is only possible with organic carbon
present which is not present in most of the sample layers as they are aeolic sand deposits. The C
sample layer was dated using 14C dating, the other 2 dating’s were done using Thermo-Luminescence
dating explained below.
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Thermo-luminescence dating is done by measuring the electrons stuck in the crystal structure of the
sediment. These electrons get stuck in the crystal structure due to imperfections in the crystal caused
by ions stress & dislocations, which will cause electrons to be trapped on these
imperfections(electron traps). Exposure to sunlight will give the electrons enough energy to leave the
electron trap. This will then clear all the electrons out of the crystalline imperfections. When the
sediment is covered with new sediment the ionizing radiation of the material will trap electrons. The
accumulated radiation can be measured in the lab and in combination of the calculated accumulation
per year can give an estimate of the time since exposure to sunlight. This gives results similar to the
plot in figure 6, which is dating done in the entire area by Hilgers (2007) using OSL which is the
current version of TL dating.

Figure 6: Dating of dune sand in the Baruth marginal valley area using OSL (Optical
Stimulated Luminescence). A) Showing a peak in dune activity around 12 ka ago
during the late Weichselian. B) Showing a second peak in dune activity around 4 ka
ago. C) Giving the same plot with a smaller class width giving a clearer image of the
activity peaks. (Hilgers, 2007)
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Figure 7: OBIA workflow consisting of 3 phases explained in the text. Initial evaluation is
explained in step 1. Data creation & Filtering is explained in steps 2 & 3. Data analysis is
explained in step 4. Adapted from (De Vet et al, submitted)

4.2 OBIA Method
1.

Inspection of the thin sections, making sure the images have a consistent orientation.
Images from thin sections CW, DW & FW had to be flipped 180˚ horizontally to get the west
to east orientation. This combined with determining the type of analysis and the settings of
the parameters is the first step of the analysis.

2.

Using eCognition for automated classification of the grains, where grains with roundness
>1.2 are filtered out of the classification due to unusable long-axis. This is because these
grains are to round for having a dominant long-axis orientation.. For the different types of
classification comparisons done in this research the colour bands were altered to different
settings to compare the results and determine the possibility of improved classification.

3.

Exporting the shape file with all information (length, length-width, orientation, roundness)
to ArcGIS. For each thin section there needs to be an arbitrary frame or extent to clip out the
unusable polygons that where altered by roots or writing on the thin section. This way of
filtering is done with clipping to remove the human bias from the process. By removing the
human bias the different test runs can be compared more easily as the difference in data is
from the same area without human caused differences. By using a standard polygon for
each thin section the factor of human bias is removed as each time the polygons are filtered
it could be done differently if done by hand (It is possible this has no significant effect on the
results in comparison with the hand selected data but this step was taken as a precaution).
The data is subsequently exported to a spreadsheet using ArcGIS export and excel data
import.

4.

Using MATLAB to visualize the wind roses, taking the orientation in to account rotating the
roses in such a way that true north is point 0. (Appendix 6 for the MATLAB scripts)
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4.3 Investigation method
4.3.1 Colour bands
For the second part of the research the
effect of using different colour bands is
determined.
For this the first analysis part is repeated
with all the possible combinations (See
figure 8). These results are then
statistically compared to the RGB combo
to see if there is a difference in mean
orientation. If the mean orientation does
not change the R- Value is compared.

Figure 8: The Steps taken for different colour bands. Starting with all
colours combined. Then the single colours and lastly the dual band
combinations

4.3.2 Length-width ratio
The second point of investigation became the length-width ratio of the sand grains obtained from
eCognition. In the research of (De Vet et al, submitted) all sand grains containing a length-width ratio
of <1.5 where filtered out of the data as the data was used for a comparison with de Boer who used
1.5.
To see if this is the case and to see what kind of information different limiters would provide another
test series was done. The limits where chosen based on a number of assumptions;
1. 2.3. -

A length-width ratio of <1 would not provide any useful information as these grains are
round,
A length-width ratio of >2 would only give very long grains, which are unlikely to provide
information about the orientation as well as increase the influence of roots in the data as
roots are generally long and thin.
As the group sizes should not differ to much small consistent steps in
Table 1: Containing the
the length-width ratio where needed.

Based on these assumptions it was decided to go with tests and lw-ratios
from table 1. The analysis was run for every ratio for each thin section.
Giving 6 results per thin section, and a total of 36 wind roses. After
comparing the means to see if the orientation mean is still the same
So that the orientation classification does not change the mean.

used length-width ratio
for each test with test 1
being the base run

Test

Lw-Ratio
1
2
3
4
5
6

>1.5
>1.2
>1.4
>1.6
>1.8
>2.0
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4.4 Quantifying method
Analyzing the effectiveness of changing the method will be quantified by combining statistical
analysis and the R-value (Schwan, 1989).
The statistical analysis will be done with SPSS instead of using MATLAB as done for the visualization
(Explained further in the discussion). This One-way ANOVA on the orientation of the different groups
is rather simple, as the groups are given a class number and then placed underneath each other in
Excel, and then simply run through the ANOVA tool. This checks if the mean orientation of the
different groups is the same. If the mean orientation of one of the groups differs significantly from
the rest it means something went wrong during this test runs as the mean orientation should not
change.
The R- Value represents the mean resultant vector which lies between 0 and 1. A value near 1 means
the orientation of the sand grains is near the mean orientation and a value near 0 means the
orientation is not near the mean orientation.
½
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𝑖𝑖=1

𝑖𝑖=1

𝑆𝑆 2
𝐶𝐶 2
𝑅𝑅 = �� � + � � � , 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝐶𝐶 = � 𝑓𝑓𝑓𝑓 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐 2𝛼𝛼ᵢ , 𝑆𝑆 = � 𝑓𝑓𝑓𝑓 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠 2𝛼𝛼ᵢ
𝑛𝑛
𝑛𝑛
The mean orientation is calculated with

𝑆𝑆
𝑥𝑥° = 0.5 tan¯¹( ) + 𝐾𝐾 ∙ 90°. 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝐾𝐾 = 0, 1 𝑜𝑜𝑜𝑜 2
𝐶𝐶

For testing if there is a significant difference between the R – Values a standard ANOVA between the
results of all the thin sections will give a mean R-value for both colour runs. In the calculations used
for this research the K value of 1 was used to obtain the correct dominant direction for the majority
of the wind roses. If the mean is significantly different the higher R-value will possibly represent a
more accurate or less accurate analysis.
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5. Results
The results are depicted in 3 steps first as wind roses to show the orientation direction(s) followed by
an Anova-table that shows the results for testing the means of the different tests against each other
and ending with a boxplot of the values to visualize the Anova-test. In this section only the initial
results and the results for color/LW-ratio for FO are shown, the other results are in Appendix 3 & 4.

5.1 RGB wind roses and values

Figure 9: Containing the orientation data from the thin sections. True north is at the 0 value. The mean orientation is
depicted with the red line, obtained with the use of K=1 so the correct heading was selected. There are 2 dominant
orientation directions the N-S/S-N and the W-E/E-W directions.
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5.1.1 R-Value compare to earlier studies
Table 2: Contains the R-values found in this study and the R-Values found by de Vet(2013) and Hoegen(2013). as
noticeable the values from this study remain below the 0.1 while the other studies have values above the 0.1. however
as the values seem to be in the same region of value the data can be assumed to be correct.

Vial(2013)
Klasdorf
6/11/1990
CW
DO
DW
EO
FO
FW
Hoegen(2013)
Klasdorf
17/10/1990
1
2
3
4
5
6
7
8

de Vet et al (2013)

0.0819
0.0754
0.0991
0.0835
0.0960
0.0362

Schöbendorf
SCH 1
0.0154
SCH 2
0.0717
SCH 3
0.2425
SCH 4
0.1731
SCH 5
0.2456
Klein Ziescht
KLZ 2

0.0549
0.0839
0.0525
0.0721
0.0267
0.0351
0.0553
0.0313

KLZ 4a
KLZ 4b
KLZ 4c
KLZ 4d
KLZ 5
KLZ 6a
KLZ 6b

0.1056
0.0837
0.1203
0.0941
0.1650
0.0444
0.0844
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5.2 Coloured wind roses and values for thin section FO
5.2.1 Wind roses

Figure 10: For sample layer FO the results of running the analysis with different colour combinations. With FO being the
RGB control test the red line is the mean orientation x˚ (for K=1). There does not seem to be much difference between the
wind roses and thus the usage of different colour bands for the OBIA.
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5.2.2 Anova-table
Table 3: The One-way-ANOVA test result that compares the RGB results with the mean of the 6 other color tests. The Sig
value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the groups
share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

12041,458

6

2006,910

Within Groups

51503097,900

16279

3163,775

Total

51515139,358

16285

F

Sig.
,634

,703

5.2.3 Boxplot comparing Colour bands

Figure 11: A Boxplot of all the colour tests done for thin section 5. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. From this plot it is
visible that the data shares the same mean as the Anova already concluded.
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5.3 Length-Width ratio thin section FO
5.3.1 Wind roses

Figure 12: The results of the different length width ratios for thin section FO. The red line is the mean orientation x˚ (For
K = 1). The different LW-ratios all have the same mean orientation direction and the same 2 dominant orientation
directions although in the higher and lower LW-ratios they depict the W-E/E-W direction less clear.
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5.3.2 Anova-table
Table 4: The One-way-ANOVA test result that compares the Length width ratio results with the 5 other Lw-ratio tests.
The Sig value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the
groups share the same mean. In this case the H0 is not rejected and the different groups have the same mean.

ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

3568,872

5

713,774

Within Groups

43580606,151

13689

3183,622

Total

43584175,023

13694

F

Sig.
,224

,952

5.3.3 Boxplot comparing LW-ratios

Figure 13: A Boxplot of all LW ratio tests done for thin section FO. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. As visible here
the groups all share the same mean so they don’t differ from each other.
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5.4 R Value boxplots
Figure 14 and figure 15 show the R-Values for the different test runs figure 14 shows the R-values for
the 6 tests done per slide while figure 15 shows the R-values for the same LW-ratio limiter.

Figure 14: The R-values plotted as box plot per color test. The T shapes are the extreme values
while the square depicts the values within the standard deviation and the thick line in the box
is the mean of the dataset.

Figure 15: The R-Values of the different LW-ratio limiters for example, the values for >1.2 are
the R-values for this limit on the 6 thin sections. The T shapes are the extreme values while the
square depicts the values within the standard deviation and the thick line in the box is the
mean of the dataset.

19

6. Discussion
6.1 Shape of the results
The found wind directions give an N-S / S-N dominated direction that differs from the directions
found by de Boer(1992a), de Vet(submitted) and Hoegen (2013), both studies show a NorthwestSoutheast wind direction during the late Weichselian. Also different compared to these studies is the
shape of the wind rose, as the N-S/S-N orientation is nearly as big as the W-E/E-W orientation making
it harder to determine the dominating orientation.
This could be caused by a possible small slope which means part of the sand grains would orientate
themselves perpendicular to the main orientation. Which could result in having 2 almost equally
sized dominant orientations.

6.2 ArcGIS
The filter shape file that was created for the outlining of the data to clip away altered sand grains in
ArcGIS was used differently than planned as the clip function in ArcGIS did not work. The clipping of
the data was impossible using this feature as the remaining polygons were altered and randomly
changed. Changing the workspace, PC, Login and even the way of clipping had no effect. Resulting in
manually using the filter to delete all polygons outside of the filter shape file.

6.3 Statistics
The Comparing of the R-Value by using a One-way-ANOVA is just used for visualization of the data
and to compare the means. The dataset is too small for a comparison with a statistical test as each
set contains just 6 values. So the diagram containing these values should not be taken as a significant
result.
6.3.1 Data type
Statistical analysis proved to be quite complicated as the resulting data from the OBIA only covers
half the circular points. Meaning the data only provided orientation from 0 to 180 instead of 0 to 360
as it is unclear if the long-axis has a beginning or an end so all the data pointing to for example 60˚
will also need to be pointing in direction 60˚+180˚. As most of the circular statistical analysis tests use
the Mean Resultant factor (R – Value) for the test, the R – Value is the resulting vector after
dissecting the orientation data to vectors in the x and y axis, meaning that when the data is mirrored
on the middle the Resultant factor is 0. As most circular statistic tests need an R- value of > 0.45
(Berens., 2009), these test are thus unusable for the data. As the data is mirrored perfectly the
resultant vector will be 0 and if the data is not mirrored the wind rose would only be filled from 0180 which also is not suitable for the circular tests. Leaving a simple ANOVA mean comparison
between the orientations as the only possible comparison to analyze the data statistically.
6.3.2 Data size
This resulted in another problem as the grain sample sizes are different in size. This size difference
meant that the MATLAB function for ANOVA, which requires same size populations, only worked
with random samples from each population. However as the difference between each population is
so great that a random sample size of for example 5000 takes almost the entire population 1 (5400
grains) but only half of population 2 (11000+ grains). This difference means that if the tests are run
the result of the ANOVA will differ, and after running several tests resulting in such a great difference
in the P – Value that for some tests the H0 is rejected and for some Ha is rejected. This leaves the
results of these tests is unusable for a conclusion. This problem was solved by using a different
program for the analysis, in SPSS it does not matter if the populations are of different sizes thus
making this program the right choice for testing the difference between the populations.
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6.3.3 Orientation
A factor that slowed down the research was some confusion around the orientation of the thin
section as the thin section data was not gathered by the researcher but provided by W.M. de Boer.
Not being the person that took the data caused some confusion which in turn slowed down the start
of the research considerably as the entire OBIA routine had to be repeated 2 times just due to the
errors made with the orientation.
6.3.4 Horizontal & vertical thin sections
In this research only horizontal thin sections were used as the prior used this method. However as
previously mentioned in the sample method, this data set also contained vertical thin sections. These
vertical thin sections could also be used for identifying the dominant orientation making use of the
3d orientation and sorting of sand grains in a vertical manner. However this way of dominant
orientation determining uses a completely different theory than the horizontal sections. So this could
possibly be used for another bachlorthesis research.

6.4 Future research
This study provided some small insights in the possibility of this method of orientation classification,
thus leaving quite some room for further research that can be done by future bachelor/master
students or who knows maybe even for a PhD.
The foremost possibility of future research would probably repeating this experimental method on a
larger scale as the 6 thin sections used in this research are far from enough for obtaining a
statistically significant conclusion on the possibilities of different methods and argumentations for
obtaining sand grain orientations.
6.4.1 Vertical thin sections
The vertical thin sections that were not used in this research could be used in a comparative study.
Using the orientation obtained from the vertical thin sections to compare against the results from
this study to see if there are any major differences and possibly different outcomes.
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7. Conclusion
What was the dominant wind direction in South-Brandenburg during the Late Weichselian and Early
Holocene?
The dominant wind direction during the late Weichselian on this location was from North to
South with a second dominating direction of East to West. This does not match any found
literature as earlier research (Boer, Form und Verbreitung der Dünen im Gebiet, 1992a)(De
Vet et al, submitted) (Hoegen, 2013) found Northeasterly winds to be the dominant
direction.

Can the OBIA method be improved?
Is there an effect on the results if different colour bands are used?
The usage of different color bands for classifying the sand grains shows no significant change
in the obtained data. So the usage of different color bands does not lead to a different
conclusion making it useless for this method of OBIA
Can the length-width ratio be used as a filter for a more clear segmentation?
The changing of the Length-width ratio has no significant effect on the obtained results. This
is likely due to the small sample size and could possibly be a way of improvement or analysis.
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Appendices
Appendix 1: Klasdorf

Figure 16: A topographic map of Klasdorf with the sand quarry pointed out. The red line is the transect along the
Southwest slope that was taken (Appendix 2) De Boer, 1993, Dissertation.
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Appendix 2: Transect

Figure 17: A Soil transect of the entire slope of the sand quarry, the red line depicts the sample location. The soil profile
used is in appendix 3. De Boer, 1993, Dissertation.
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Appendix 3: Soil Profile

Figure 18: The soil profile with layer and texture description. Legend is translated from
Appendix 2.
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Appendix 4: Results
4.1 Thin section 001
4.1.1 Wind roses 001

Figure 19: For sample layer CW the results of running the analysis with different color combinations. With FO being the
RGB control test the red line is the mean orientation x˚ (for K=1). There does not seem to be much difference between
the wind roses and thus the usage of different color bands for the OBIA.
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4.1.2 Anova-table 001
Table 5: The One-way-ANOVA test result that compares the RGB results with the mean of the 6 other color tests. The Sig
value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the groups
share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

9929,978

6

1654,996

Within Groups

27729206,779

8235

3367,238

Total

27739136,757

8241

F

Sig.
,491

,815

4.1.3 Comparative boxplot 001

Figure 20: A Boxplot of all the color tests done for Thin section CW. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. . From this plot
it is visible that the data shares the same mean as the Anova already concluded.
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4.2 Thin section 002
4.2.1 Wind roses 002

Figure 21: For sample layer DO the results of running the analysis with different color combinations. With FO being the
RGB control test the red line is the mean orientation x˚ (for K=1). There does not seem to be much difference between
the wind roses and thus the usage of different color bands for the OBIA.
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4.2.2 Anova-table 002

Table 6: The One-way-ANOVA test result that compares the RGB results with the mean of the 6 other color tests. The Sig
value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the groups
share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

9521,644

6

1586,941

Within Groups

65127284,989

19812

3287,265

Total

65136806,633

19818

F

Sig.
,483

,822

4.2.3 Comperative boxplot 002

Figure 22: A Boxplot of all the color tests done for thin section DO. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. . From this plot
it is visible that the data shares the same mean as the Anova already concluded.
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4.2 Thin section 003
4.3.1 Wind roses 003

Figure 23: For sample layer DW the results of running the analysis with different color combinations. With FO being the
RGB control test the red line is the mean orientation x˚ (for K=1). There does not seem to be much difference between
the wind roses and thus the usage of different color bands for the OBIA.
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4.3.2 Anova-table 003
Table 7: The One-way-ANOVA test result that compares the RGB results with the mean of the 6 other color tests. The Sig
value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the groups
share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

4831,641

6

805,273

Within Groups

47241250,043

14817

3188,314

Total

47246081,683

14823

F

Sig.
,253

,958

4.3.3 Comperative boxplot 003

Figure 24: A Boxplot of all the color tests done for Thin section DW. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. . From this plot
it is visible that the data shares the same mean as the Anova already concluded.
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4.4 Thin section 004
4.4.1 Wind roses 004

Figure 25: For sample layer EO the results of running the analysis with different color combinations. With FO being the
RGB control test the red line is the mean orientation x˚ (for K=1). There does not seem to be much difference between
the wind roses and thus the usage of different color bands for the OBIA.
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4.4.2 Anova-table 004
Table 8: The One-way-ANOVA test result that compares the RGB results with the mean of the 6 other color tests. The Sig
value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the groups
share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

14394,539

6

2399,090

Within Groups

79643549,934

25726

3095,839

Total

79657944,473

25732

F

Sig.
,775

,589

4.4.3 Comperative boxplot 004

Figure 26: A Boxplot of all the color tests done for Thin section EO. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. . From this plot
it is visible that the data shares the same mean as the Anova already concluded.
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4.5 Thin section 006
4.5.1 Wind roses 006

Figure 27: For sample layer FW the results of running the analysis with different color combinations. With FO being the
RGB control test the red line is the mean orientation x˚ (for K=1). There does not seem to be much difference between
the wind roses and thus the usage of different color bands for the OBIA.
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4.5.2 Anova-table 006
Table 9: The One-way-ANOVA test result that compares the RGB results with the mean of the 6 other color tests. The Sig
value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the groups
share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

5660,380

6

943,397

Within Groups

47221082,758

15670

3013,471

Total

47226743,138

15676

F

Sig.
,313

,931

4.5.3 Comperative boxplot 006

Figure 28: A Boxplot of all the color tests done for Thin section FW. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. . From this plot
it is visible that the data shares the same mean as the Anova already concluded.
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Appendix 5: LW Data
5.1 Thin section 001LW
5.1.1 Wind roses 001LW

Figure 29: The results of the different length width ratios for thin section CW. The red line is the mean orientation x˚. The
different LW-ratios all have the same mean orientation direction and the same 2 dominant orientation directions
although in the higher and lower LW-ratios they depict the W-E/E-W direction less clear.
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5.1.2 Anova-table 001LW
Table 10: The One-way-ANOVA test result that compares the Length width ratio results with the 5 other Lw-ratio tests.
The Sig value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the
groups share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

3889,635

5

777,927

Within Groups

22958963,483

6946

3305,350

Total

22962853,119

6951

F

Sig.
,235

,947

5.1.3 Comperative Boxplot 001LW

Figure 30: A Boxplot of all LW ratio tests done for thin section CW. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. As visible here
the groups all share the same mean so they don’t differ from each other.
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5.2 Thin section 002LW
5.2.1 Wind roses 002LW

Figure 31: The results of the different length width ratios for thin section DO. The red line is the mean orientation x˚ (For
K = 1). The different LW-ratios all have the same mean orientation direction and the same 2 dominant orientation
directions although in the higher and lower LW-ratios they depict the W-E/E-W direction less clear.

5.2.2 Anova-table 002LW
Table 11: The One-way-ANOVA test result that compares the Length width ratio results with the 5 other Lw-ratio tests.
The Sig value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the
groups share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

2055,381

5

411,076

Within Groups

54347055,472

16659

3262,324

Total

54349110,853

16664

F

Sig.
,126

,987
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5.2.3 Comperative boxplot 002LW

Figure 32: A Boxplot of all LW ratio tests done for thin section DO. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. As visible here
the groups all share the same mean so they don’t differ from each other.
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5.3 Thin section 003LW
5.3.1 Wind roses 003LW

Figure 33: The results of the different length width ratios for thin section DW. The red line is the mean orientation x˚ (For
K = 1). The different LW-ratios all have the same mean orientation direction and the same 2 dominant orientation
directions although in the higher and lower LW-ratios they depict the W-E/E-W direction less clear.

5.3.2 Anova-table 003LW

Table 12: The One-way-ANOVA test result that compares the Length width ratio results with the 5 other Lw-ratio tests.
The Sig value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the
groups share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

5005,120

5

1001,024

Within Groups

40181165,594

12350

3253,536

Total

40186170,714

12355

F

Sig.
,308

,909
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5.3.3 Comperative boxplot 003LW

Figure 34: A Boxplot of all LW ratio tests done for thin section DW. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. As visible here
the groups all share the same mean so they don’t differ from each other.
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5.4 Thin section 004LW
5.4.1 Wind roses 004LW

Figure 35: The results of the different length width ratios for thin section EO. The red line is the mean orientation x˚ (For
K = 1). The different LW-ratios all have the same mean orientation direction and the same 2 dominant orientation
directions although in the higher and lower LW-ratios they depict the W-E/E-W direction less clear.

5.4.2 Anova-table 004LW

Table 2: The One-way-ANOVA test result that compares the Length width ratio results with the 5 other Lw-ratio tests.
The Sig value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the
groups share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

1119,991

5

223,998

Within Groups

65466212,077

21218

3085,409

Total

65467332,068

21223

F

Sig.
,073

,996
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5.4.3 Comperative boxplot 004LW

Figure 36: A Boxplot of all LW ratio tests done for thin section EO. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. As visible here
the groups all share the same mean so they don’t differ from each other.
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5.5 Thin section 006LW
5.5.1 Wind roses 006LW

Figure 37: The results of the different length width ratios for thin section FW. The red line is the mean orientation x˚ (For
K = 1). The different LW-ratios all have the same mean orientation direction and the same 2 dominant orientation
directions although in the higher and lower LW-ratios they depict the W-E/E-W direction less clear.

5.5.2 Anova-table 006LW

Table 3: The One-way-ANOVA test result that compares the Length width ratio results with the 5 other Lw-ratio tests.
The Sig value depicts the P value which determines if the groups have the same mean. A value above 0.05 means that the
groups share the same mean. In this case the H0 is not rejected and the different groups have the same mean.
ANOVA
Orientation
Sum of Squares
Between Groups

df

Mean Square

4405,655

5

881,131

Within Groups

39900712,013

13228

3016,383

Total

39905117,667

13233

F

Sig.
,292

,918
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5.5.3 Comperative boxplot 006LW

Figure 38: A Boxplot of all LW ratio tests done for thin section FW. The T shapes are the extreme values while the square
depicts the values within the standard deviation and the thick line in the box is the mean of the dataset. As visible here
the groups all share the same mean so they don’t differ from each other.
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Appendix 6: Matlabscript
Only a small section of the script is shown here to save the trees.
% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
% Visualizing and Analyzing sandgrain orientation data
% Daan Vial, bachlorthesis, 05-2013, last edited: 26-06-2013
% Basics taken from Matlab script by Sebastiaan de Vet:
%
% Particle orientation in thin section and on Mars
% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
%% Clearing workspace

%
%
%
%
%

clc
close all
clear all
% Creating matrix for Thin sections 1,2,3,5 & 6 to create a mean
orientation line
Mat = 1:1:500;
% Creating a matrix with 500 spots
Mat = Mat .* 0 + 1;
% Converting the matrix values to 1
Mat = Mat';
% Transposing the matrix
% Creating matrix for Thin sections 4 to create a mean orientation line
Mat2 = 1:1:1000;
% Creating a matrix with 1000 spots
Mat2 = Mat2 .* 0 + 1;
% Converting the matrix values to 1
Mat2 = Mat2';
% Transposing the matrix
% The Orientation Correction Variable
% The variable that allows for adjusting the orientation of the wind roses
% if the initial data does not have the W-E orientation
OCV = 0;
% Positive values will turn the rose to the left and
negative values to the right
% Setting the K value for calculating the mean orientation
K=1;
%% Visualizing Thinsection data
%% Thinsections November
figure(1);
% Opening figure
%% Thinslice001
%% Loading the data from Dataset Thinslice001 and converting it for
visualization in a wind rose
grains007 = xlsread('Thinslice001Corr');
% area, length, Length/Widt,
orientatio, roundness, Width_Pxl
G3=grains007(:,3)./1000000000000000;
% Addepting the values after
importation to original value
G4=grains007(:,4)./1000000000000000;
% Addepting the values after
importation to original value
A1_1 = size(G4);
% Counting the amount of sand
grains before filtering
N1_1 = A1_1(1);
% Setting N as total amount of
grains pre filter
G32=G3>1.5;
% Finding grains with a lenghtwidth
ratio of more then 1.5
G41=G4(G32);
% Removing the grains with
lenghtwidt ratio of >1.5 from the orientation data
A1_2 = size(G41);
% Counting the amount of sand
grains after lenghtwidt >1.5 have been removed
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N1_2 = A1_2(1);
grains post filter

% Setting N as total amount of

subplot(4,2,1)
% Defining location in the figure
OR1 = G41 - (90-OCV);
% Adjusting the data to 1-180
options to mirror the directions in the plot
GX=degtorad(OR1);
% Converting the data from degrees
to radials
rose(GX,18)
wind rose with 18 bins
[tout, rout] = rose(GX,18);
polar(tout, rout);
[xout, yout] = pol2cart(tout, rout);
set(gca, 'nextplot', 'add');
fill(xout, yout, 'k');

% Plotting the first part of the
%
%
%
%
%

Filling
Filling
Filling
Filling
Filling

the
the
the
the
the

wind
wind
wind
wind
wind

rose
rose
rose
rose
rose

plot
plot
plot
plot
plot

hold on
% Hold on to the subplot
OR2 = G41 -(90-OCV+180);
% Adjusting the data to the 181-360
options to mirror the directions in the plot
GY=degtorad(OR2);
% Converting the data from degrees
to radials
rose(GY,18)
wind rose with 18 bins
[tout, rout] = rose(GY,18);
polar(tout, rout);
[xout, yout] = pol2cart(tout, rout);
set(gca, 'nextplot', 'add');
fill(xout, yout, 'k');

% Plotting the second part of the
%
%
%
%
%

Filling
Filling
Filling
Filling
Filling

set(gca,'View',[-90 90],'YDir','reverse');
Windrose to have True north at the top
v = axis;
parameter as the axis values
handle = title('North','fontsize',13);
title size
set(handle,'Position',[v(1)*-1.2 v(4)*.01 0]);
location so it doesn't overlap with the top value
% ylabel('orientation [°]','fontsize',13)
label
xlabel('CW','fontsize',13)
label with the thinslice name

the
the
the
the
the

wind
wind
wind
wind
wind

rose
rose
rose
rose
rose

plot
plot
plot
plot
plot

% Rotationg the
% Setting the v
% Setting the title and
% Specifying the title
% Setting the Y-axis
% Setting the X-axis

%% Calculations ( R-Value, Mean orientation & adding the mean orientation
to the plot)
Bins =[0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180];
% The bin limiters
f1 = histc(G41,Bins);
% Calculates the ammount of particles per bin
alfa = degtorad([5 15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165
175]);
% The orientation of the bins converted to radials
C= sum((f1(1:18)'.*((cos(2.*alfa)))));
% Calculates the C value needed to calculate the R value(schwanz)
S= sum((f1(1:18)'.*((sin(2.*alfa)))));
% Calculates the S value needed to calculate the R value(schwanz)
a=size(G41);
% Counts the total amount of grains
n=a(1);
% Sets the n value to the total amount of grains
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R1 = sqrt(((C/n)^2) + ((S/n)^2));
% Calculating the R-value
% K=0;
% Setting the K value
x_TS1=(0.5.*atand(S/C))+(K*90);
% Calculating the Mean orientation direction
x_TS1=x_TS1+(90-OCV);
% Adjusting the Mean orientation to true north
x_TS1_1 = Mat .* x_TS1;
% Creating a vector with 500
plot the first half of the mean line
GZ = degtorad(x_TS1_1);
% Converting the vector from
radials
x_TS1_2 = x_TS1_1 + 180;
% Creating a vector with 500
plot the second half of the mean line
GA= degtorad(x_TS1_2);
% Converting the vector from
radials
rose(GZ,10000)
% Plotting the first vector
rose(GA,10000)
% Plotting the second vector

x values to
degree to
x values to
degree to
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