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Abstract

The erosion of a coastal bluff was investigated using a Riegl VZ-1000 laser scanner. The bluff is
located at Vestpynten (Spitsbergen), where the local road is threatened by erosion of the bluff.
The bluff is approximately four meters high. The coastal bluff was scanned three times during
the 2012-2013 field season. The resulting point clouds were used to illustrate the change of the
surface of the coastal bluff and to calculate the material losses over time. Results can be used
when one considers coastal protective measures for the studied area. Recommendations and
suggestions regarding routines during field survey and data processing are presented.
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Introduction

Due to increasing interest in Arctic coastal regions, coastal erosion is becoming an attactive
topic. This paper is a part of Nina Ganicheva’s master thesis (2014) and a continuation of the
master thesis written by Antonia Linzbach. The work describes the processing of 3D Laser
measurements from an eroding bluff in Svalbard, in order to investigate the erosion pattern at the
site as a basis for the design of an appropriated shore protection suggestion, as well as to evaluate
the applicability of 3D laser measurement systems in Arctic environments. This technology is
assumed to be of interest due to its precision, comparably easy set up and the possibility to
conduct measurements in inaccessible areas. The measurements were done at Vestpynten,
Spitsbergen (Position 78.25209N 15.41691E) in 2012 and 2013, where several infrastructures are
located closely to an eroding bluff (Figure 1, Figure 2).

Field work

The data collection was conducted with the RIEGL® 3D terrestrial laser scanner. The initial raw
data consists of two scanning positions located closely to each other, where scanning was
conducted during two years: 24™ of August 2012 and 8" of August 2013.

The scans have recorded point clouds of a section of approximately 360 meters in length of the
eroding bluff and are accompanied with three to four digital photographs each. The recorded data
contained some gaps and smaller white spots where no data was recorded. In this work a zone
with a length of 118 meters was analyzed.
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Figure 1: Zoom of the map, showing the location of Vestpynten on Spitsbergen (Norsk
Polarinstitutt 2011).
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Figure 2: Satellite picture of Vestpynten with indicated investigation area and infrastructures
(Google 2013).

Data processing

The collected data was processed with RISCANPro, the standard software of the scanner system.
The VZ-1000 has an integrated GPS, inclination sensor and compass to facilitate the registration
of scan positions. However, the compass was detected to not give exact directions; this might be
due to the high latitude of the site (78°N). Nevertheless, for any kind of comparative analysis the
different scans need to be fit to each other, first by manually doing a coarse registration, in order
to avoid the incorporation of unrecognized deviations between the scans. All scans of one site
should always be registered and adjusted to only one designated reference scan and at least four
mutual points in the corresponding scans need to be registered. (Linzbach 2013)

After the coarse registration the Riegl Multi Station adjustment (MSA) tool can be applied to the
scanner images for automatic fine adjustment using a best-fit iterative least-squares iterative
method. MSA replaces, together with the manual coarse registration, the need for artificial
reflector points as they are required in other laser measurement methods. (RIEGL Laser
Measurement Systems GmbH 2011).

After the scanned coastal sections point clouds were superimposed on each other with different
colours, the studied zone was divided into six sections of different length (Figure 3). This
decision helped to simplify the analysis of a long section. Small sections were compared
separately. In order to detect the volumetric change, the “measure volume and surface tool” of
the RISCAN Pro software was used. To prepare the data for these measurements, a reference
plane was incorporated into the scanner-images. The reference plane was set co-planar to the X-
Z-Axis to create a vertical wall behind the bluff, and the same reference plane was used for all
scans (Figure 4). The relative volumetric changes between the scans of 2012 and 2013 were then
calculated via subtracting the measured volume of 2013 from that of 2012. Moreover, the
obtained bodies are suitable for illustrative comparisons; they show differences on the eroding
surfaces and illustrate the dimension of erosion (Figure 5).

66



Proceedings of the 22nd IAHR International Symposium on Ice

Section 1 Section 2 Section3  Section4  Section5 Section 6

812_ScanPos001

27m 19m 16 m 18m 12m 26m

1

Figure 3: The division of the scanned bluff into six sections.
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Figure 4: Segmentation of the studied zone (six sections) and reference plane (top view).
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Figure 5: Profile of the scanned coastal bluff (pointcloud section 3, 16m length), comparison of
the recorded pointclouds of 2012 and 2013.

Results of data processing

The scanner images were divided into six sections, for more precise marking and measuring, of
which the volumes in respect to a reference plane (fixed for all scans Figure 3, Figure 4) were
then determined. The measured volumes [in m’] of the sections of the bluff are given in Table 1
and Table 2. The volumetric changes are utilized as a basis to determine the retreat of the free
face of the bluff and the development (accumulation) of the scree slope (Figure 6).
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Figure 6: Comparison of free face and scree slope for 2012 and 2013.

The obtained results for the free face and scree slope are given in Table 1 and Table 2.

Table 1: Parameters of free face in the studied sections

Number of the section 1 2 3 4 5 6 Total Length [m]
118
Length of the section [m] August 2012 27 19 16 18 12 26
August 2013 27 19 16 18 12 26 118
Height of free face of the August 2012 2,36 1,8 2,5 1,63 1,7 1,7
section [m] August 2013 236 1.8 25 1,63 1,7 1,7
Volume of free face area August 2012 1197 476 449 162 100 196
- 3
of the section [m’] August 2013 1136 429 389 145 94 195
"-" means
Volume difference [m’] -61 -46 -60 -16 -6 -1 loosing of the
volume
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Table 2: Parameters of scree slope in the studies sections

Number_ of the 1 2 3 4 5 6 Total Length
section [m]
Length of the | August 2012 27 19 16 18 12 26 118
section [m] |\ oust 2013 27 19 16 18 12 26 118
Volume of the
area with scree August 2012 440 247 234 186 90 160
slope of the
section [m’] August 2013 448 254 237 191 98 173
Volume nn
difference of . means
. +8 +7 +3 +5 +7 +13 gaining of
areas with scree
3 the volume
slope [m’]

From the obtained values in Table 1 and Table 2, one can conclude that within the monitored
period (August 2012 - August 2013) the volume of the free face of the bluff has been decreased,
while in the debris part the volume has increased.

Discussion

Erosion can be divided into four categories, according to the rate of erosion these are (Alfred
Wegener Institute 2011):

e Stable or aggrading

e Slow erosion (0-1 m/y)

e Moderate erosion (1-2 m/y)

e Rapid erosion (2-10 m/y)

According to the erosion data obtained in this work (Table 1) it can be concluded, that there is a
slow to moderate erosion at Vestpynten’s coastal zone in 2012-2013. The erosion consists of a
decreasing free face of the bluff with a scree slope located directly beneath, where the eroded
material accumulates. Geomorphologically, this type of erosion is called a Richter denudation
slope. The material accumulation in 2013 compared to 2012, which is mainly found at the lower
part of the bluff (scree slope) and some small overhangs at the top of the bluff can be explained
by the build up of cracks which lead to overhanging material at the top and accumulation of
loose material on the foot of the bluff. This assumption should be validated by further
monitoring. Overall, the surface confirms the presumption that the erosion on Vestpynten is a
combination of material loss from the instable free face and accumulation of the eroded material
on the scree slope with possible subsequent evacuation of material from the prelocated beach by
waves.

In regards to the data collection it should be acknowledged that the recording of data seems to
include some inaccuracies when scanning large sections such as the approximately 300 meters of
coast which were recorded in the scans. The approximately 118 meters of the bluff closest
around the scanning point were recorded with decent quality, while those arcas further away
contained many gaps in the recorded pointclouds, where the laser ray was not properly reflected.
Moreover, it has to be considered that certain weather conditions limit the applicability of 3D
Laser measurement systems; snow accumulations cannot be distinguished from other ground
constituents, and thus might falsify measurements. Low temperatures might also damage the
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measurement device. For the precise position logging of the scanned areas, it has to be
considered, that the device integrated compass has a decreased precision with high latitudes.
When the compass is used, corrections have to be adhered. Regarding the processing software, it
was also found that an incorporated scale for the created views/illustrations is lacking.

Conclusions

Formation of scree slope can be considered as a process leading to stabilization of the shore line
at the present research site; nevertheless one should consider actions of nature forcing in order
for further discussion regarding coastal dynamics in this area.

The conducted 3D laser scanner measurements and results were found to be a successful research
method for the assessment of erosion rates/volumes. However, certain conditions, such as cold
temperatures, possible measurement falsifying snow accumulations, and decreased compass
precision with high latitudes, must be considered. Moreover, scales have to be fitted manually
into all software created illustrations.

Acknowledgments

The authors wish to acknowledge the support of the Research Council of Norway through the
Centre for Sustainable Arctic Marine and Coastal Technology (SAMCoT) at NTNU, UNIS, and
SINTEF, Norway ,and the SMIDA project (funded by the Norwegian Centre for International
Cooperation in Education).

References
RIEGL Laser Measurement Systems GmbH. (2011a). RIEGL VZ-1000. Technical
documentation and user instructions.RIEGL Laser Measurement Systems GmbH. 348 p.

Alfred Wegener Institut. 18. April 2011.
http://www.awi.de/de/aktuelles und presse/pressemitteilungen/detail/item/arctic _coasts
on_the retreat international studies describe current state of the arctic coasts/?cHas
h=5e5c¢7cacd22d08808636025dcc0398fe (Last retrieved 22. January 2013).

Finseth, J., Sessford, E., Hormes, A., & Tangen, H. (2012). Erosion and geohazard protection of
a coastal cultural heritage in Svalbard; "Fredheim". Port and Ocean Engineering under
Arctic Conditions. Espoo POAC. 1-11.

Google. (2013). Google earth. Retrieved February 23, 2013, from http://maps.google.no/
Linzbach, Antonia (2013) Coastal erosion on Vestpynten, Svalbard; Engineering measures for
shore protection. LWR Degree Project p.49.

Norsk Polarinstitutt. (2011, September 16). Norsk Polarinstitutt. Retrieved January 23, 2013,
from http://placenames.npolar.no/stadnamn/Vestpynten+lykt?ident=15818

RIEGL Laser Measurement Systems GmbH. (2011a). RIEGL VZ-1000. Technical
documentation and user instructions.RIEGL Laser Measurement Systems GmbH. 348 p.

71




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


