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SAMMANFATTNING (SWEDISH SUMMARY) 

Denna uppsats syftar till att föreslå endesign för skydd mot kusterosion, för använd-
ning vid en eroderande kuststräcka av infrastrukturell betydelse på Svalbard i norska 
Arktis (Vestpynten). Uppgiften innebär att ta hänsyn till ett antal specifika förhållan-
den i den arktiska miljön med avseende både på den ingenjörsmässiga utformningen 
och på analysmetoden. 
För att utforma skyddet analyserades kuststräckan med avseende på erosionsmönster 
och markegenskaper Därigenom gjordes en utvärdering av 3D-laser scanning som me-
tod för kusterosionsanalys i Arktis och ett antal metodologiska begräsningar, som stö-
rande snöförhållanden och väldigt låga temperaturer, identifierades. Oaktat dessa be-
gränsningar visar mätningarna att erosionen vid Vestpynten beror på en instabil kust-
klippa och borttransport av sediment från den väldigt smala (≈ 4 m) stranden. Den 
uppskattningsvis 4 meter höga klippan består av jord som genom isbindning får en 
övergående styrka, men som blir särskilt instabil vid blidväder. Under sådana förhål-
landen bryts jordmassor loss från klippan och erosion följer som ett resultat av vågor 
från stranden. 
Detta innebär att en fungerande skyddsstruktur måste stabilisera klippan samt för-
hindra borttransport av sediment från stranden. Det otillgängliga läget och den be-
gränsade tillgången på material identifierades som andra avgörande faktorer i utform-
ningen. Med avseende på dessa faktorer utvärderas olika alternativ för att förhindra 
erosion. 
För att uppskatta storleken hos möjliga skyddsstrukturer utfördes beräkningar av det 
aktiva skiktets (d.v.s. det jordskikt som tinar under sommarsäsongen) tjocklek och av 
den nödvändiga enhetsvikten hos ett strandskydd med motståndskraft mot lokala våg-
krafter. 
Vad gäller den ingenjörsmässiga utformningen fanns det att flexibla, geo-syntetiskt ba-
serade material är mest lämpliga för den specifika platsen (Vestpynten) då de är enkla 
att transportera och då det är möjligt att komplettera dem med lokalt jordmaterial. 
Hållbarheten hos dessa material har också ökat under de senaste årtiondena. Vidare 
kan geo-syntetiska material betraktas som miljövänliga, en fördel i beaktande av att 
materialet inte hotar växt- och djurliv om det spolas ut i havet. 
Avslutningsvis föreslås som konkret utformning en geobag-design kombinerat med en 
geocell-design för stabilisering av klippan. Fortsatta studier av erosionsmönstren un-
der en längre tidsperiod rekommenderas för att vidare validera resultaten. Vidare 
forskning rekommenderas också vad gäller prestandan hos de föreslagna skyddsdesig-
nerna. En tänkbar risk är till exempel att kontakt med vassa isflak kan skada de geo-
syntetiska materialen. 
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SUMMARY (ENGLISH) 

This thesis aims on suggesting an appropriated coastal erosion protection design ap-
proach for an eroding coastal section of infrastructural importance on Svalbard, Nor-
wegian Arctic (Vestpynten). This task comprises taking into account several 
specificities of the Arctic environment regarding the engineering design as well as the 
analysis methods. 
In order to develop an appropriated protection design the coastal section was ana-
lyzed regarding its erosion pattern and soil characteristics. Thereby a methodological 
evaluation of the use of 3D laser scanning for coastal erosion analysis in the Arctic 
was done and several restrictions, as disturbing snow conditions and very low tem-
peratures, regarding this method in the given environment were found. 
Nevertheless, the measurements indicate that the erosion at Vestpynten is a result of 
an instable coastal cliff and the evacuation of sediments from the very narrow (≈ 4 m) 
prelocated beach. The approximately 4 m high coastal cliff, consists of soil which pos-
sesses a transient strength through ice bonding, but is especially instable during thaw-
ing temperatures. During this time soil masses are breaking off from the cliff and are 
subsequently eroded away by waves from the prelocated beach. 
Therefore it was decided that a protection structure needs to stabilize the coastal cliff 
as well as to prevent sediment evacuation from the prelocated beach. The remote lo-
cation of the site and the limited availability of materials were found to be other deci-
sive factors in protection design. With regards to these requirements erosion protec-
tion options were evaluated. 
To estimate the dimension of possible structures calculations regarding the active layer 
thickness (i.e. the thickness of the thawed soil layer during summer) and the necessary 
unit weight of a beach protection to withstand the local wave forces were conducted. 
With regards to the engineering design, it was found that flexible geosynthetic based 
materials are most appropriate for the specific site (Vestpynten) due to their easy 
transportability and the possibility to fill them with locally available soil materials. Also 
the durability of these materials has increased during the last decades. Moreover, geo-
synthetic can be considered as environmentally friendly, whereas it has to be consid-
ered that it should be prevented that the material gets flushed away into the ocean 
where it may threaten the flora and fauna. 
Finally, as actual design, a geobag beach protection in combination with a geocell cliff 
stabilization is suggested. 
It is recommended to investigate the erosion pattern over a longer time span in more 
detail to further validate the findings. 
Further research is recommended, regarding the actual performance of the suggested 
designs as for example the impact of sharp floating ice pieces on damages on the geo-
synthetics leading to fill loss from the geobags and possibly even the geocells. 
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ABSTRACT 

This thesis describes the processing of 3D Laser measurements from Vestpynten, 
Svalbard to find out the erosion pattern at the site as a basis for the design of an ap-
propriated shore protection suggestion and also to evaluate the applicability of 3D la-
ser measurement systems in Arctic environments.  
3D laser measurements would be interesting for the analysis of areas with limited ac-
cessibility, since 3D laser measurement allows very precise recordings of the land-
scape/surfaces without the need of accessing the investigation area.  
Based on the processed pictures and further erosion analysis the thesis suggests an 
erosion protection design for Vestpynten, based on geosynthetics. This was found to 
be necessary, since the road connecting Bjørndalen to Longyearbyen is at Vestpynten 
only a few meters away from the edge of the instable, eroding cliff. The suggested 
geosynthetic protection design is expected to be appropriate in terms of ecological and 
economical requirements of the site. 

Key words: Arctic; Coastal erosion; engineering coast protection; shore protec-
tion; Svalbard; Vestpynten;. 

1. INTRODUCTION 

1.1. Context 
Through the increasing interest in Arctic regions and the ongoing devel-
opment of infrastructures in the Arctic, together with the high depend-
ency of the supply of these infrastructures on the coasts, but at the same 
time a high vulnerability of these coasts to coastal erosion, coastal ero-
sion and the development of appropriate, sustainablecountermeasures in 
Arctic regions become a more and more important field of research. 
Nevertheless, the understanding of erosive processes and engineered 
countermeasures in Arctic regions is less developed then that of coastal 
erosion in moderate climates. It was found that, erosive events in the 
Arctic appear to proceed with little recovery following these events and 
that erosion associated with man-made structures may be severe(Viles 
and Spencer 1995; Chen and Leidersdorf 1988).  
For building sustainable erosion protection measures in Arctic regions, 
mainly two parametershave to be considered;  
• The harsh environment makes the use of some coastal protection de-

signs and materials problematic and puts restrictions on accessibility 
and construction procedures. 

• The lack of sufficient local building material poses an additional chal-
lenge in environmental and economic terms.  

Thus, it is essential that these processes become more thoroughly under-
stood to develop appropriate counter measures. This thesis is meant to 
contribute to this goal in terms of investigating and evaluating engineer-
ing solutions for shore protection on a specific site in the Arctic. 

1.2. The investigation site 
Vestpynten (Position 78.25209N 15.41691E) is located on Spitsbergen, 
the biggest island of the Norwegian Svalbard Archipelago in the Arctic 
sea. The site suffers from coastal erosion that threatens local infrastruc-
tures. 
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Fig .  1 .  Zoom o f  the  map,  showing  the  lo ca t ion  o f  Vestpynten  on 
Sva lbard (Norsk Polar ins t i tu t t  2011) .  

Vestpynten is at the edge where the Adventfjord branches off from Is-
fjord. Figure 1 zooms in into the same map to the section where Vest-
pynten is located. As illustrated in figure 1 the road from Longyearbyen 
to Bjørndalen crosses Vestpynten.  At many points andespecially at the 
investigation site, the road is located close to the shoreline. 
As mentioned above, particularly at Vestpynten, the road (indicated in 
red on fig. 1) is, in several locations, only a few meters away from the 
sea, which is washing over the very narrow pre-located beach and is 
eroding the bluff. 
As it can be seen in the map (Fig. 1), the road, which is of a coarse grav-
elly roadfill connects the area between Longyearbyen and Bjørndalen. 
The Svalbard Airport Longyearbyen, the most important airport of the 
Svalbard Archipelago and the only one with connecting flights to the 
mainland is located at the road; however, coming from Longyearbyen, 
the airport is located before Vestpynten. Behind the Airport, in the direc-
tion of Vestpynten and Bjørndalen a park with antennas for geophysical 
surveying an old mine (which is cultural heritage) many cabins and small 
houses are located along the road and in the vicinity. Thus it can be said 
that the road is of critical importance for the supply and accessibility of 
all the infrastructures between Vestpynten and Bjørndalen and their 
connection to the airport and Longyearbyen.  Moreover, the area has a 
certain value as recreational and touristic landscape, which is also de-
pendent on its accessibility. 

2. AIMS AND LIMITATIONS 

Since the erosion of the coast at Vestpynten is recognized but not yet in-
vestigated in more detail, the main goals of the thesis are two; Firstly the 
analysis of the coastal erosion at Vestpynten. This comprises data collec-
tion and interpretation of collected data as well as from already existing 
data. 
Building up onto that, the second goal is the suggestion of appropriated 
engineering measures for shore protection at Vestpynten to decrease the 
erosion of the shoreline to an acceptable limit and to maintain the func-
tioning of the road. Appropriated in this context means that the recom-
mended engineering measures should fulfill the following requirements: 
• Arctic climate suitability 
• Environmental friendliness 
• Adaption to the availability of materials 
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• Appropriate cost benefit ratio 
Moreover, regarding the possible transferability of the research about the 
Vestpynten investigation site to other, comparable sites on Svalbard and 
in the Arctic, this work strives to add some findings to the nowadays still 
not very explored research area of coastal engineering and coastal protec-
tion in Arctic regions and particularly on Svalbard. 
Regarding the mentioned aims a lack of already available data (literature) 
and research can be expected. Another limitation arises from general and 
site specific problems in respect of field work, data sampling and data 
processing. The following limitations need to be mentioned: 
Regarding the soil characterization at the investigation site, it has to be 
acknowledged that the statements about the soil properties are not based 
on comprehensive sampling. Only data from two drill-cores at Vestpyn-
ten was analyzed. However, since the chance to hit an extraordinary un-
representative point at the sites is not high, it can be expected that the 
findings represent average properties of the soil at the site. 
The characterization of the erosion at Vestpynten is mainly based on two 
3D laser scanner images recorded in the beginning and end of summer 
2012. Another scan turned out to be useless and actually the RIEGL 3D 
laser scanner, which was used for the determination of the volumetric 
loss of the coast at Vestpynten, was damaged by low temperatures dur-
ing a field campaign in March 2013. The lack of input data was balanced 
by connecting the scanned data with manual measurements and com-
parison with records from other sites, which are expected to be compa-
rable. This is considered to give sufficient insights about the erosion at 
Vestpynten to develop an appropriated protection design. 

3. METHODS 
In order to analyze the erosion and to suggest an appropriate shore pro-
tection design for the coast and the nearby located road at Vestpynten, 
the following working steps were performed: 
• Basic information collection 
This is primarily done by the review of already existing research, which 
included literature analysis as well as personal communication with re-
searchers on site.1 
• Site inspection 
This step comprised the analysis of field data from the site, visual inspec-
tions as well as measurements (with measuring tape and total station), on 
site and from maps and images. Geological and topographical maps 
where obtained from the Norwegian Polar Institute and meteorological 
data via the Norwegian meteorological service from the station at Sval-
bard Airport. Moreover, two soil cores were sampled and analyzed dur-
ing course work in 2012. 
The data to determine linear retreat and the volumetric losses of the 
coastal bluff at Vestpyntenwas collected with 3D laser scanning. This 
method was chosen since it is known to enable quick, accurate and com-
prehensive data sampling of a site’s topography. The comparison of re-

                                                        
1 The following persons were espesially helpful in providing information about 
their work with coastal erosion and protection on Svalbard: Jomar Finseth, re-
searcher at SINTEF infrastructure department, David Wranborg PhD candidate 
at UNIS Arctic Technology Department, Evangeline Sessford Master UNIS 
Geology Department, Dr. Anatoly Sinitsyn Postdoc at UNIS Arctic Technology 
Department. 
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cordings from different points in time allows a precise determination of 
the sites change. Moreover, 3D laser scanning devices and methods are 
not yet commonly used for measuring in Arctic environments so that the 
research carried out in connection to this thesis is also a test of the pos-
sibilities and suitability of this method in the Arctic environment. 
The data is expected to provide important input values to characterize 
the erosion state of the coast and data to determine necessary fill-up vol-
umes for coastal protection installations. 
A sufficient data basis was collected in June, August and October 2012. 
It was planned to record some complementary data from 2013, but the 
3D laser scanner (Riegl VZ1000) does not work in all weather conditions 
(snow and to cold temperatures) and was even damaged by an attempt of 
data recording in March 2013. 
• Software based processing of the collected field data  
In this step thevolumetric loss and also the linear retreat of the coast at 
the investigation site was revealed in order to specify the erosion at 
Vestpynten. For this purpose RISCANPro, the standard software of the 
scanner system was used. The software includes tasks as 
• Data visualization 
• Data manipulation 
• Data archiving 
• Data acquisition 
• Sensor configuration 
• Management of complementary camera images 
(RIEGL Laser Measurement Systems GmbH 2011, b) 
and was thus considered to provide the necessary tools for the data 
processing. 
• Suggestion of shore protections 
Based on the determined erosion pattern and with regards to site-specific 
environmental and economic factors shore protection designs will then 
be developed. Concerning calculations focus on two elements: 
• Dimensions of the designed protective structures with regards to the 

active layer of the soil, which influences the bearing capacity of the 
soil,the conclusions of the soil core analysis will be incorporated here. 

• Dimensions of the designed protective structures with regards to their-
stability against wave action. 

The necessary supplementary background information about coastal ero-
sion and shore protection design (in the Arctic) is based on a compre-
hensive literature study. 

3.1. Structure 
The thesis is divided into nine main parts, beginning with an introduc-
tion explaining the importance of the topic, the goals and tasks of this 
thesis followed by a description of the aims and used methods. Subse-
quently a brief overview of the current state of art regarding coastal ero-
sion in general and in the Arctic and engineering measures for shore pro-
tection. Chapter 5 “Erosion of sea coasts (theoretical background)” 
elaborates on the theoretical background. 
After providing a theoretical background about coastal erosion in general 
and in the Arctic, the report gives in section 6 a description of the inves-
tigation site “Vestpynten”, including information on geological and 
weather conditions at site, as well as the conducted fieldwork, data col-



Coastal Erosion on Vestpynten, Svalbard — engineering measures for shore protection 
 

5 
 

lection and data processing with the there from determined erosion pat-
tern. 
A general overview on engineering measures for shore protection is then 
given in Section 7, and based on all the findings of the previous sections, 
part 8 provides the results and suggestsand critically evaluates shore pro-
tection installations specifically for the investigation area “Vestpynten”. 
Finally, in part 9, the report concludes with remarks on the conducted 
research and the results, including a discussion of the findings and the 
work. 

4. STATE OF THE ART 

Until now there is comparably little information available on coastal ero-
sion in the Arctic and especially rare is the research on coastal erosionon 
Svalbard. Most of the current research in that area focuses on geological 
or marine biological topics related to coastal erosion. Only very few pa-
pers concerning coastal erosion in the Arctic from an engineering per-
spective can be found. The most important documents in this regard are 
(Lothe and Finseth 2012; Finseth et al, 2012; Finsethet al, 2013) 
and(Sinitsyn et al, 2012). This research is either related to SINTEF2or to 
the university center on Svalbard, where also this thesis research is done. 
Additionally the doctoral thesis (Caline 2010) analyzes the performance 
of Geotextile sandbag coast protection on several sites on Svalbard. 
The topic of shore protection and coastal engineering in the Arctic is 
also researched in (Sorum 2006). He gives an overview about the per-
formance of different marine construction materials in Northern marine 
areas, though the effect of sea ice is barely touched in that book. 
An elaborated overview about coastal processes and coastal erosion in 
general is given in (Viles and Spencer 1995). A very comprehensive, 
though not very recent, work on shore protection and coastal engineer-
ing in general is (US Army Corps of Engineers 1984). 
Regarding coastal erosion in the Arctic (Chen and Leidersdorf 1988; 
Viles and Spencer 1995; Ogorodov 2005) show that erosion on Arctic 
coasts are often characterized by a very active sediment transport with 
little recovery following erosion (Kobayashi and Reimitz 1988) and that 
erosion is accelerated in areas with human impact. Moreover, processes 
of Arctic coastal erosion are described in these works however, the first 
two pieces focus on the Alaskan and Canadian Arctic and the latter work 
investigates the Russian Arctic. 

5. EROSION OF SEA COASTS (THEORETICAL BACKGROUND) 

5.1. General information - definitions 
Coastal erosion is a worldwide occurring phenomenon, which can be 
promotedby a variety of factors as wind, waves, temperature changes, 
human activities, earthquakes, climate change etc. It affects every type of 
coast; steep cliffs are scoured and collapse, sand beaches are washed 
away or ablated by wind. However, generally, erosion is less effective on 
coasts of hard stone material compared to those consisting of less mas-
sive materials as sand or soils. (US Army Corps of Engineers 1984) Thus 
erosion rates are on the one hand highly depending on the materials the 

                                                        
2 SINTEF is the largest independent research organization in Scandinavia and 
has a geotechnical engineering branch which works on coastal erosion and pro-
tection also on Svalbard and in close connection to UNIS. Website: 
http://www.sintef.no 
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coast consists of and on the other hand depending on the variety and 
magnitude of the forces the coast is exposed to. 
Regarding the material composition, coasts can be distinguished into two 
main material groups: 
• lithified coasts 
• unlithified coasts 
Lithified coast consist of rock and rocky material, what makes them 
comparably very stable against eroding forces as waves and wind. Un-
lithified coasts in distinction are composed of non-rocky sedimentary 
materials, compared to lithified coasts they are prone to erosion. Particu-
larly loose sedimentary materials can easily be eroded in huge amounts 
by waves, wind and water currents. (International Arctic Science 
Committee 2010) 
Unlithified coasts (beaches or soil bluffs) may be eroded by storms and 
waves and in the following partly or completely restored by swells also 
erosion and accretion patterns may occur seasonally, the long-range con-
dition of a coast (eroding, stable or accreting) depends on the rates of 
supply and loss of littoral material (loose materials as sand). Accordingly 
erosion patterns are distinguished into three stages; 
• Eroding; the rate of loss exceeds the supply (depending on the erosion 

rates this category may be subdivided),  
• Stable; loss and supply balance each other and  
• Accreting; the supply exceeds the loss of material. 
(US Army Corps of Engineers 1984) 
Coastal erosion affects the whole littoral zone, this means that it com-
prises mechanism that affect the under- and the over-water part of the 
shore zone. The mechanisms affecting the part of the littoral zone lo-
cated over the water level are mainly scour and abrasion (“erosion of a 
bluff”). The erosion of the underwater slope is primarily by sediment 
transport. This dynamic effect is named littoral transport and concerns 
the movement of sediments in the nearshore zone by currents and 
waves. Whereby the transport parallel to the shore is called longshore 
transport and transport perpendicular to the shore is named onshore-
offsore transport. The material that is transported is called littoral drift 
(US Army Corps of Engineers 1984). The processes of under- and over-
water erosion can exemplary be described as follows: marine erosion of 
the underwater littoral zone removes debris and subsequently leads to 
cliff retreat, which in turn promotes increased outwash of debris from 
the undercliff area and finally failure of the destabilized parts of the cliff 
itself (Viles and Spencer 1995). In Arctic regions additionally, or in dis-
tinction to that, the thawing of permafrost can have a decisive impact on 
cliff stability, so that thermal processes can lead to cliff failure without 
increased outwash. A more detailed overview of the different factors of 
erosion will be given in the following sections, for general factors of ero-
sion (Table 1) and specifically in Arctic regions (Table 2). 
Negative consequences of coastal erosion are the loss of land including 
damages to important ecosystems or economically and socially important 
infrastructures as well as a possible endangerment of humans (US Army 
Corps of Engineers 1984). 
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Table  1 .  Main eros ion fa c tor s  (Kobayash i  and Reimi tz  1988;  Vile s  
and Spencer  1995) .  

General erosion factors 
Climate3 Includes air temperature, wind and 

precipitation 
Hydrodynamics  
 

Water temperature, water level (tidal 
pattern), wave action (linked to wind 
roughness4) and duration of ice-free 
time 

Physical-geological fac-
tors 

Composition (including ice content) of 
the ground 

5.1.1. Factors of erosion 
As a basis of any further work or development of any method of coastal 
protection, the basic influencing factors and thereby induced phenomena 
of coastal erosion must be identified. 
Three main factors induce the several erosion phenomena, these factors 
are given in Table 1. 

These erosion factors can (alone and in their combination) lead to vari-
ous natural and human-induced phenomena of erosion. (US Army Corps 
of Engineers 1984). The following section will describe those phenom-
ena which are occurring on coasts in the Arctic. 

5.2. Coastal erosion in the Arctic 
Through the increasing interest in Arctic regions and the ongoing devel-
opment of infrastructures in the Arctic, together with the high depend-
ency of the supply of these infrastructures on the coasts, coastal erosion 
in Arctic regions becomes a more and more important field of research. 
Nevertheless, the understanding of erosive processes in Arctic regions is 
less developed then that of coastal erosion in moderate climates. Espe-
cially regarding the fact, that erosive events in the Arctic appear to pro-
ceed with little recovery following these events and the insight that ero-
sion associated with man-made structures may be severe (Chen and 
Leidersdorf 1988; Ogorodov 2005; Viles and Spencer 1995), it is essen-
tial that these processes are considered in the development of erosion 
protection strategies and also become more thoroughly understood to 
develop appropriate counter measures.  

5.2.1. Phenomena of erosion in the Arctic 
In Arctic regions the mentioned factors of erosion (Table 1. Main ero-
sion factors (Kobayashi and Reimitz 1988; Viles and Spencer 1995).  
(climate, hydrodynamic and physic-geological) can induce some specific 
erosion phenomena. Specifically the frozen ground (cryogenic) geologi-
cal processes need to be considered. The most important specifically 
Arctic erosion processesare given in Table 2. 

The vulnerability of Arctic coasts to erosion is often an interplay of sev-
eral of the mutually connected factors mentioned in table 1, which lead 
to the erosion phenomena given in Table 2.  

                                                        
3The circulation mode can also be considered as a climatic factor influencing 
erosion, however, with respect to the circulation mode it is reported, that the 
Arctic is currently in a calm situation. For further information on the circulation 
mode see(Vasiliev 2005). Moreover, the circulation mode is not a site specific 
factor and thus not further considered here. 
4Wave heights are a function of wind speed and fetch (Forbes 2011). 



Antonia Linzbach  TRITA LWR Degree Project 14:15 
 

 
 

8 

Table  2 .  Spec i f i ca l l y  Arc t i c  natura l  and man-made e ros ion  phenom-
ena (Vile s  and Spencer  1995;  Ogorodov  2005;  Rivkin e t  a l ,  2003) 

Natural causes Man-made causes 

Permafrost thawing 
(Seasonal) melting (of the active layer) makes 
particularly fine grained coastal areas a sub-
ject to deflation5, thermo erosion, ther-
mokarst6, retreat and collapse. 

Permafrost thawing 
Removal of plants or soil 
layers can change the thick-
ness of the active layer, in-
creasing thermo erosion, 
deflation, thermokarst, retreat 
and collapse. 

Thermoabrasion 
destruction of marine coasts consisting of 
frozen soils by combined heat and mechani-
cal action of marine water 

Thermo erosion 
The construction and opera-
tion of infrastructures can 
increase the temperature of 
the fundamental soil and lead 
to thermo erosion. 

Thermoerosion 
When ice within the cliff-mass melts, it causes 
slumping. This process can be amplified 
when occurring together with ice gouging. 

 

Ice gouging, sea ice & ice berg grounding, 
ice footing 
Ice can break off or scour parts of the coastal 
material. 

 

Sea ice melting 
Sea ice has a protecting function against 
wave action and storms, in terms of diminish-
ing the fetch over the ocean. 

 

Thermodenudation 
thawing of frozen soils with following scour of 
material. 

 

5.3. Classifications of coastal erosion 
This huge variety of natural and man-made causes of coastal erosion and 
the fact that different coasts differ a lot in their composition (in terms of 
material, width of the pre-located beach etc.) leads to distinct erosion 
patterns on coasts throughout the whole world. Thus patterns of coastal 
erosion are highly site specific. The erosion pattern is divided into four 
categories, according to the rate of erosion these are: (Alfred Wegener 
Institut 2011) 
• Stable or aggrading 
• Slow erosion (0-1 m/y) 
• Moderate erosion (1-2 m/y) 
• Rapid erosion (2-10 m/y) 

6. EROSION AT VESTPYNTEN – EROSION OF SEA COAST 
CLOSE TO THE LOCAL ROAD 

The problematic situation regarding coastal erosion on Vestpynten is al-
ready recognized and UNIS scientists and students are conducting analy-
sis in this respect since some years, however a detailed analysis of the 
situation at the site is not yet available. The courses AT-329 “Cold Re-
gions Field Investigations” and AT-205 “Frozen Ground Engineering 
for Arctic Infrastructures” have already been involved into sampling data 
at the site. The work of these coursesin spring 2012 was concerned with 
the determination of physical properties of the soil at Vestpynten, be-

                                                        
5 Material removal by wind. (Andersland and Landanyi 2004) 
6 Domes formed by frost heaving during freezing periods, these domes collapse 
during thawing and leave surface depressions. (Andersland and Landanyi 2004) 



Coastal Erosion on Vestpynten, Svalbard — engineering measures for shore protection 
 

9 
 

cause of the sites problem of erosion. Some of their research and find-
ings will be incorporated and further processed in this work. 

6.1. General description of the site 
As mentioned in the introduction, Vestpynten is located between the 
Airport Longyearbyen and Bjørndalen. At Vestpynten the road is located 
only a few meters away from the eroding coastal bluff. Figure 2 shows 
the bluff with the narrow prelocated beach, the road is on top of the 
bluff. The road is of crucial importance for operation and supply of the 
adjacent infrastructures (Fig. 3). 
And the distance of the road from the bluff also varies from around 4 
meters at the closest point to much greater distances at other points. At 
some locations, where the distance of the road to the bluff is greater, in-
frastructures are located between the road and the bluff (Fig. 3). 

6.2. Topographical characteristics 
To gain a pattern of the shape of the bluff, the scanner images from June 
and August 2012 and the photographs, taken during the scanning ses-
sions were used. For verification also a measurement with a total station 
and reflectors was conducted in April 2013. In total 52 points along the 
bluff were recorded to determine the height and steepness of the bluff 
and the sloping angle of the prelocated beach. 
It was determined, that the bluff runs almost perpendicular to the coast 
and is steeply sloping with angles between 70-90 ° at most points. The 
height of the bluff ranges from a low part on the western end of the in-
vestigation area, where it is not higher than 30 centimeters to parts where 
the bluff is around 4 meters high, which is the dominating height of the 
bluff at the investigation area (Fig. 2).  

 
Fig .  2 .  The pre lo ca t ed  beach  and the  e rod ing  b lu f f  a t  Vestpynten  
dur ing  low t ide .  Foto :  UNIS Oct .  2012. 
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Fig .  3 .  Sat t e l i t e  p i c ture  o f  Vestpynten  wi th  ind i ca t ed  inves t i ga t ion  
area  and in f ras t ruc tures  (Goog l e  2013) .  

The width of the beach prelocated to the bluff is at most parts very nar-
row at low-tide (3-4 meters) and the water almost reaching to the bluff at 
high-tide, but the width varies and can be much greater at some points. 
The foot of the bluff is usually not under water and the beach has a very 
low inclination of approximately 5° and appears almost flat. 

6.3. Erosion factors 
In the following sections the site will be described with regards to the 
important erosion factors mentioned in Table 1. Main erosion factors 
(Kobayashi and Reimitz 1988; Viles and Spencer 1995). 
• climate  
• hydrodynamics  
• physical-geological factors 

6.3.1. Climate 
The climatic conditions, especially parameters as temperature (due to its 
influence on permafrost and ice conditions), storms/wind (due to their 
direct correlation to wave loads), and precipitation (as a parameter of 
sediment transport and soil conditions), are decisive factors regarding the 
erosion of permafrost soils. The following section will give a short intro-
duction on the climate on Svalbard and subsequently briefly describe the 
decisive characteristics on the investigation site based on data obtained 
from the Svalbard airport measurement station.  The station is located 
only a few hundred meters from Vestpynten at 28 m.a.s.l. 0.6 km distant 
from Svalbard lufthavn and was established in October 1964. 

Table  3 ;  Average  month ly  t empera tures  (1912-2012) measured  a t  
Longyearbyen Luf thavn (YR.no 2013) .  

 Jan. Feb. Mar. Apr. May Jun. 
Avg. 
Temp. 
(°C) 

-15.3 -16.2 -15.7 -12.2 -4.1 2.0 

 Jul.. Aug. Sep. Oct. Nov. Dez. 
Avg. 
Temp. 
(°C) 

5.9 4.7 0.3 -5.5 -10.3 -13.4 
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In General, frequent low-pressure passages and the warm Atlantic Ocean 
water make the climate on Svalbard milder than in other areas at the 
same latitude. The current annual average temperature in Longyearbyen 
is -4 ºC. Stiff breezes are common in the winter half-year, while fog is a 
typical summer phenomenon. Svalbard is an area with little rainfall; in 
Longyearbyen there is less rainfall than in the driest areas on mainland 
Norway. The majority of precipitation on Svalbard comes with polar 
eastern winds from the Barents Sea, and there is three times as much 
precipitation on the south coast of Spitsbergen as in Longyearbyen on 
the west coast (more detailed precipitation data can be found in Appen-
dix 0). Thus precipitation as a trigger of erosion is not further considered 
in this state of research. The fjords and sea areas north and east of Sval-
bard are covered with ice for 8–9 months of the year, while the fjords on 
the west side of Spitsbergen, where the investigation area is located, can 
be ice-free for large parts of the winter. Svalbard has a permafrost layer 
that goes down to 450 meters, decreasing to ca. 100 meters in the coastal 
areas. During the summer, only the upper layer of the soil defrosts 
(Norwegian Polar Institute 2013). The thickness of the active layer (i.e. 
the layer of the soil which thaws in summer) is calculated in section 8.1.  

Temperature data from Svalbard Lufthavn (Airport) and its predecessor 
recording station is reported since 1912, the monthly average tempera-
tures are given in Table 3. 
It can be seen, that the temperatures are during most of the year well be-
low the freezing point, only from June to September temperatures reach 
positive degrees. However, during this four month the permafrost soil is 
thawing. 
Measured wind velocities and durations provide the input data for the 
wave height determination in section 6.3.2. The direction of dominant 
winds is within 105° - 135° and the highest wind speeds are between 
15.3 and 20.2 m/s. for the period between 1999 - 2011. This corre-
sponds also with the wind data from 2012 and 2013. 

6.3.2. Hydrodynamic situation 
Regarding the hydrodynamic situation and its influence on erosion, 
waves and ice are the most important factors. Ice action on coasts and 
coastal structures can also be influenced by the tidal upheave and de-
crease of the water level. Information on wave characteristics at the in-
vestigation area can be derived from existing research (Lothe and Finseth 
2012). The wave heights were determined based on wind data from the 
measurement station on Svalbard Airport, the accompanying waves were 
estimated by using the model HSCOMP (SINTEF), which uses the wind 
speed, the free length over sea and the duration of the wind in order to 
calculate the wave characteristics. 

 
Fig .  4 .  S ign i f i cant  wave  he igh t s  on Sva lbard fo r  a  100 year  ( l e f t )  
and 1 year  ( r i gh t )  r e turn per iod .  Ocean waves ;  r ed  co lumns ,  lo ca l  
w ind waves ;  b lue  co lumns (Finse the t  a l ,  2013) .  
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The results were then set into a statistical model which calculates the 
equivalent extreme values for return periods of 1 and 100 years. The re-
sulting significant wave heights for 1 and 100 year return periods ob-
tained by the modeling for several sites on Svalbard for ocean as well as 
wind waves are given in figure 4 (Lothe and Finseth 2012). 
It can be seen that the wave heights for wind waves in Longyearbyen, 
where the investigation site is located, are for the 100 year as well as for 
the 1 year return period comparably high; for the 100 year return period 
the wind wave height amounts about 2.3 meters and for the 1 year return 
period around 1.3 meters. The significant wave heights for ocean waves 
in distinction are comparably low to those at other sites on Svalbard. 
They amount only around less than 1 meter for the 100 year return pe-
riod and even a little less for the 1 year return period. (Lothe and Finseth 
2012; Finseth et al, 2013). Due to their greater heights, the wind waves 
are considered for stability estimations against waves in the design devel-
opment. 
There is also some research about the sea ice conditions around Vest-
pynten (Sinitsyn et al, 2012), where it was found that the ice in the Ad-
ventfjord is typically destroyed and thus the occurrence of thermally in-
duced (by expansion) ice pressure and also ice pressure created by wind 
drag forces is very low. Vestpynten is located at the outlet of the Advent-
fjord and thus not in a confined area where the buildup of huge forces 
must be expected. Thus, it was decided, that for Vestpynten the ice pres-
sure can be neglected for a first draft of coastal design. Additional in-
formation about the findings of Sinitsyn et al (2012) regarding ice pres-
sure can be found in Appendix 0. 

6.3.3. Physical-geological data 
Examinations of the coast revealed that there is underlying rock beneath 
unlithified deposits. Moreover, in about 500-1000 meters in direction of 
Bjørndalen the coast is predominated by rock on the shore. In spring 
2012 the soil at Vestpynten has been analyzed in the context of the re-
search about coastal erosion at Vestpynten. 
Soil coring at Vestpynten revealed at the sampling points bed-rock un-
derneath 4 m of unlithified deposits (AT-205 Frozen Ground 
Engineering for Arctic Infrastructures 2012; AT-329 Cold Region Field 
Investigations 2012). The relevant findings of the soil coring at Vestpyn-
ten are summarized in the following. 
Several soil cores have been drilled, of which two have been analyzed in 
respect of various parameters (see Appendix 0) the decisive parameters 
used in this work are: 
• Soil classification, 
• Water content, 
• Freezing temperature, 
• Dry density. 
This section reports the findings made during the fieldwork of the UNIS 
courses AT-205 and AT-329. The drilling was conducted by a GEO 
TECH mobile drilling machine to a depth of up to 3.7 meters, below 
that depth bedrock or other harder material was encountered. The cores 
were drilled out approximately five to ten meters away from the coastline 
towards the street (Fig. 5). 
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Fig .  5 .  So i l  co r e  sampl ing  a t  Vestpynten  in  2012 (Foto :  Vasi l  Mi-
n ikayev) .  

From the qualitative perspective the sampling can be classified as dis-
turbed sampling, where sample structure and texture as well as the natu-
ral frozen properties might be disturbed but the natural layering, water 
and ice content could be considered as intact (Sandven 2005). In dis-
turbed sampling, it might occur that soil from the lower end of the drill-
core section has been remolded with the adjacent drill core section, but 
in general the samples were considered as being of sufficient quality for 
the conducted analysis (Table 4). 
Even though the data is partly incomplete and in individual cases of 
doubted quality, which reflects the difficult circumstances of field work 
and ground investigations in permafrost areas, theobtained data is suffi-
cient for a general soil classification. The classification shows that the 
soil at Vestpynten is of fine grained materials of mainly stones, sand and 
gravel types. 
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Table  4 .  Resu l t s  o f  the  Vestpynten  so i l  co r e  ana ly s i s  f rom course s  
AT-205 and AT329 in  2012.  Sampled  and analyzed in  course  
AT-309 Sampled  and analyzed in  course  AT-205 

 Soil classification 
(components in 
order of share, 
main component 
first) 

Water con-
tent 
(%) 

Dry density 
(t/m3) 

Freezing 
tempera-
ture 
(C°) 

Core Nr. 17 28 1 2 1 2 1 2 

0-1 stones, 
gravel,  
sand,  
silt  
clay 

-- 11.23 9.6 2.32 -- -0.1 -- 

1-2 stones, 
gravel,  
sand,  
silt  
clay 

gravelly 
sand  

12.80 5.82 -- 2.63 -0.1 -- 

2-3 stones, 
gravel,  
sand,  
silt  
clay 

stones, 
gravel,  
sand,  
silt  
clay 

14.95 13.7 1.89 3.42 
(doubt
ed) 

-- –0.2 

D
epth (m

) 

3-4 stones, 
gravel,  
sand,  
silt  
clay 

sand: 
44% 
gravel: 
20% 
silt: ≤ 
36% 
clay: -- 
 
 

25.00 11.4 -- 2.65 -- –0.2 

Literature provides the following ranking of soils in order of increasing 
resistance to erosion: sand, fine sand, sandyloam, clay loam, clay. This 
ranking applies to thawed and frozen ground (Vasiliev 2005). According 
to this ranking the analyzed soil can be ranked as having a comparably 
low resistance to erosion, because of its high sand content. Although this 
ranking applies to frozen and non-frozen soils, it has to be acknowl-
edged that these soils are comparably less stable in the thawed state, be-
cause ice bonded permafrost in the sediments provides a transient 
strength (Forbes 2011). Thus, on the one hand, particularly sediments 
with low cohesion (no-load shear strength) as sand and gravel compo-
nents in bluffs are almost only bound together by ice and thus during 
thawing very vulnerable to undercutting by warming sea water and de-
stabilization by warming air, which thaws icy patches in the permafrost 
(Raloff 2011). On the other hand, the fine grained components as clay 
and silt are known to be not coarse enough to build up beaches in front 
of a bluff, which makes the bluff more prone for erosion (Chen and 
Leidersdorf 1988). 

                                                        
7 Sampled and analyzed in course AT-309 
8 Sampled and analyzed in course AT-205 



Coastal Erosion on Vestpynten, Svalbard — engineering measures for shore protection 
 

15 
 

In general, it can be concluded from the soil characterization that the soil 
of which the bluff consists can be characterized as not very stable, par-
ticularly in the unfrozen state. Moreover, since the soil of the bluff is 
partly not suitable for beach nourishment, the beach is subject to sedi-
ment evacuation which again increases the erosion of the bluff. 
Since the testing of the compressive strength of the samples unfortu-
nately failed, more detailed statements of the bearing capacity could not 
be made and remain subject for further research. 

6.3.4. Summary of erosion factors & phenomena at Vestpynten 
The factors of erosion – climate, hydrodynamics, and the physical geo-
logical situation - cause the following phenomena of erosion at Vestpyn-
ten, these aspects need to be taken into account for the design of a 
coastal protection structure for Vestpynten: 
• Climate 
Permafrost thawing: thawing temperatures in June, July, August and Sep-
tember 
• Hydrodynamic situation 
Wave action: Waves with a maximum height of 2.3 meters for a 100 year 
wave 
• Physical geological data 
The described soil characteristics together with the permafrost thawing 
lead to thermoerosion, thermoabrasion and termodenudation. This 
meansbluff erosion because of instable soil, particularly by thaw destabi-
lization and beach erosion by sediment evacuation. 

6.4. Erosion measurements at Vestpynten 
Regarding the fieldwork it has to be acknowledged that all safety re-
quirements for fieldwork on Svalbard have to be adhered and that good 
planning and flexibility is required. The measurements were carried out 
in 2012 and 2013 and several researchers and students have been in-
volved.9The data collection was conducted with the RIEGL® 3D terres-
trial laser scanner. The following section will elaborate on this technol-
ogy. 

6.4.1. Technology of 3D scanning 
Laser scanners have been well established in surveying applications dur-
ing the last decade. For this work the RIEGL VZ-1000 3D laser-scanner 
model was used. The most important technical data is listed below: 
• Use of a narrow infrared pulsed laser beam in conjunction with fast ro-

tating multi-facet polygonal mirror to acquire fast and precise laser 
ranging. 

• Measurement frequencies in the range from 70 to 300 kHz. 
• Maximum scan-range of 1400 m at 70 kHz 
• On-line Waveform Processing, capable of detecting and processing 

multiple echoes from the same direction, thus complex structures, 
fences, wires and vegetation can be handled. 

• The minimum measurement distance is 1.5 m 
• Accuracy (conformity with actual value) is reported to be 8 mm 

                                                        
9 Measurements at Vestpynten: 3D laser scanning in 2012: PhD candidate David 
Wrangborg. Soil core sampling in 2012: students course AT-205 and AT-329. 
Measurements in 2013, Total Station measurements: Ms. student Antonia 
Linzbach, Dr. Anatoly Sinitsyn. 



Antonia Linzbach  TRITA LWR Degree Project 14:15 
 

 
 

16 

• Precision (degree to which further measurements show same results) 
5mm 

• Integrated inclination sensors, compass and GPS receiver with antenna 
allow for scan position registration without the use of artificial reflec-
tive targets, which reduces the effort for field work significantly. 

• A high-resolution, full-frame, calibrated Nikon D700 was used to 
automatically acquire images for post-processing purposes. 

(RIEGL Laser Measurement Systems GmbH 2011a; Sinitsyn et al, 2012). 
Terrestrial laser scanner systems record point clouds consisting of many 
individual angle and distance measurements. RIEGL VZ-1000 digitalizes 
these measurements as illustrated in figure 6. 
The first row in figure 6 illustrates the developing of the analog echo-
signal. The first impulse on the left side characterizes the transmission-
pulse, i.e. the starting point of the distance measurement. All following 
impulses describe the different reflections of the sent laser-impulse on 
objects in the scanned environment. The difference in time between the 
transmitted impulse and a received impulse corresponds via the speed of 
light with the distance of the scanner to the scanned object. The last 
pulse on the right side under the picture in figure 6 describes the reflec-
tion of the most distant object whose reflection is sufficiently strong to 
be recorded by the scanner. 
The middle row in figure 6 shows the, in constant time intervals, con-
ducted scanning of the analog signal, which is then converted from an 
analog to a digital signal. The resulting digital data-stream is illustrated in 
the third row. From the digitalized data then the target-distance is calcu-
lated. This process is occurs in real-time via “Online Waveform Process-
ing“. (Gaisecker et al, 2012) 

 
Fig .  6 .  Pr inc ip l e  o f  data  s canning  and e cho  d ig i ta l izat ion wi th  Rieg l  
VZ-1000 (Gaise cker  e t  a l ,  2012).  
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Fig .  7 .  Pr inc ip l e  o f  impuls e  t rave l  t ime logg ing  (Gaise cker  e t  a l ,  
2012) .  

The scanner automatically processes the received data in regards of ob-
ject distance, optical echo amplitude and degree of refection of the ob-
ject, depending on that a target classification in “single target“, “first tar-
get“, “last target“ or “other target“ is deduced and the data quality of the 
object is provided as measuring attributes for further processing. 
As shown in figure 7 and Equation 1, the chronological position of an 
eco-impulse, with regards to the transmitted impulse (t), yields via the 
speed of light (in the specific measurement environment) (c) the absolute 
distance of the detected object to the scanner device (r). (Gaisecker et al, 
2012) 

 
Equat ion 1 ;  Obje c t  to  s canner  d i s tance  computat ion (Gaise cker  e t  
a l ,  2012) .  
The maximum number of targets that can be detected per pulse from the 
RIEGL VZ-1000 is, in the manual, described as practically unlimited 
(RIEGL Laser Measurement Systems GmbH 2011a). However, some re-
strictions are set regarding the interspace of the targets. 
The elapsed time between two echo pulses represents the distance (d) be-
tween two target objects (Fig. 8). The distance calculation is carried out 
according to the same principle as the object to scanner distance calcula-
tion Equation 2. The minimal measurable distance between two objects 
graduated in depth of the measured space is called “multiple target reso-
lution”.  A high multiple target resolution allows the distinction between 
objects located close to each other. 
The multiple target resolution is limited, when the chronological distance 
between the echoes of different targets is not significantly bigger then 
than the duration of the transmitted pulse. 

 
Fig .  8 .  Pr inc ip l e  o f  mul t ip l e  targe t  logg ing  (Gaise cker  e t  a l ,  2012) .  
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This happens, if closely to each other located discrete targets as fog or 
dust or objects with a certain depth, as for example a rough surface 
structure, are scanned. In these cases the measurement has a low accu-
racy. This is recognized by the scanner device and attributed with a high 
value of deviation. (Gaisecker et al, 2012) 

 
Equat ion 2 ;  Computat ion o f  the  d i s tance  be tween d i s c r e t e  s canned 
ob j e c t s  (Gaise cker  e t  a l ,  2012) .  

6.4.2. Initial raw data 
The initial raw data consists of three scanning positions located closely to 
each other, where scanning was conducted at three different times in 
2012 (Fig. 9). 
• June 27th  
• August 21st and  
• October 04th 
The scans have recorded pointclouds of a section of about 360 meters 
length of the eroding bluff and are accompanied with three to four digi-
tal photographs each. It can be seen in figure 9 that the recorded data 
contains some gaps and smaller white spots where no data was recorded. 
Nevertheless, as it can be seen in the zoom (Fig. 10, fig. 11, fig. 12), es-
pecially when the provided pointclouds from the scanner are naturally 
colored according to the accompanying photographs, for a great part of 
the scanned coastal section the data provides a good and distinct picture 
of the bluff and the prelocated beach. Another thing that can be seen in 
the lowest line of figure 9 and in figure 12 is that there is snow on the 
coast in October. This means that ‘material’ is added to the coast, this 
will be picked up later on in the results and interpretation of the data. 

 

 
Fig .  9 .  The s canned coas ta l  s e c t ion  po in t c louds ;  June  27th ( top)  
August  21st  (midd le )  October  04th (bo t tom) .  Whi l e  the  r e corded  
po in t s  are  co lor ed  in  ‘ r ea l  co lo r ’  a c cord ing  to  the  a c company ing  pho-
to s ,  the  whi t e  areas  (gaps)  are  areas  where  the  laser  ray  was no t  r e -
f l e c t ed .  The squares  ind i ca t e  the  zooms in  f i gure  10,  f i gure  11 and 
f i gure  12.  
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Fig .  10.  Zoom in to  s e c t ion  one  (marked by  the  square  in  f i gure  9 ,  
top)  f rom the  s can o f  June  27 th.  

6.5. Data processing 
When the scanning is performed from different positions the different 
scans need to be fit to each other by first manually doing a coarse regis-
tration with the Riegl RiSCAN PRO software, which supports 
pointcloud and image data acquisition, processing and visualization. This 
was done by selecting at least four mutual points in the corresponding 
scans. In order to do that the scanner images can be opened in the same 
working surface with different colors for each pointcloud. When select-
ing the reference points, stable objects which appear in the scans to be 
adjusted should be chosen, these might be houses, or poles but not ob-
jects which might have been moved between the recordings of the scans. 
In order to figure out similar points in the scans, it can, in some cases 
also be helpful to change the colors to ‘natural colors’ obtained from the 
corresponding high resolution photographs.  

 
Fig .  11;  Zoom in to  s e c t ion  one  (marked by  the  square  in  f i gure  9 ,  
midd le )  f rom the  s can o f  August  21 st.  

 
Fig .  12.  Zoom in to  s e c t ion  one  (marked by  the  square  in  f i gure  9 ,  
bo t tom) f rom the  s can o f  October  04 th.  
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The VZ-1000 has an integrated GPS, inclination sensor and compass to 
facilitate the registration of scan positions. However, at this point it 
should be mentioned, that the compass was detected to not give very ex-
act directions, this might be due to the high latitude at site (78°N) or to 
the quality of the compass. Moreover, it should be noted that, 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 not the second scan to the first scan and 
the third scan to the second and so forth). 
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, to-
gether with the manual coarse registration, the need for artificial reflector 
points (as they are required in other laser measurement methods). The 
calculation conducted during the MSA is based on the compilation of the 
position of corresponding plane areas. The orientation and position of 
each scan position is modified in several iterations in order to calculate 
the best overall fit for them. (RIEGL Laser Measurement Systems 
GmbH 2011a). 
The MSA-tool user surface allows for several input parameters govern-
ing the precision of the adjustment. Of course ideally the scans should be 
put perfectly over each other to detect changes over time without meas-
uring errors. Practically, also due to time and expenditure, little errors, 
cannot be avoided completely and are acceptable in the given circum-
stances. With regards to the fact that the volumetric changes in the bluff 
are measured in m3, it was decided, that errors in the range of a few cen-
timeters deviation between scanner images are acceptable. The accept-
ability was also found to be case dependent. This is because scanner im-
ages might contain moving objects which are not in the same place on 
two scans of the same site. These could be cars (as it can be seen in 
fig. 10 and fig. 11) but also only slightly moving objects as flag-poles 
bending in the wind, those objects should not be further considered. Fig-
ure 13 shows an overly of all three scans after the coarse registration and 
the MSA. For example the house was recorded in all three scans, thus 
parts of the house can be used as a reference point for the coarse regis-
tration. The quality of the alignment can also be seen on the house and 
the fence in front, where it is obvious that the overly is quite precise and 
does not differ more than a few centimeters. 
In the MSA tool this precision can be achieved with searching for near-
est points in the scans to be adjusted.  

 
Fig .  13.  The three  a l i gned  s cans  (June  (gr ey ) ,  August  ( r ed) ,  October  
(b lue ) )  a f t e r  coarse  r eg i s t ra t ion  and MSA. I t  can be  s e en  f rom the  
co lo r s  a t  what  month (June ,  August ,  October )  the  mos t  mater ia l  was  
s canned .   
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By means of the manual coarse registration and the subsequent process-
ing of the scanner point clouds with the MSA tool, all three scans (from 
July 27th[reference scan], August 21st and October 4th) were aligned suffi-
ciently for further data analysis (Fig. 13). In the next step the volumetric 
changes of the bluff over time were detected. In order to detect this 
volumetric change the “measure volume and surface tool” of the RIS-
CAN Pro software was used. 
To prepare the data for these measurements, first, a reference plane has 
to be incorporated into the scanner-images. The reference plane was set 
behind the eroding bluff (co-planar to the X-Z-Axis), in a way to create a 
vertical wall behind the bluff. The alignment of the scans to each other 
(as described above: coarse registration and MSA) and to always the 
same reference plane makes the volumetric measurements in the scans 
comparable. The relative volumetric changes between the scans were 
then calculated via subtracting the measured volumes from each other. 
Moreover, the obtained bodies are suitable for illustrative comparisons; 
they show differences on the eroding surfaces (Fig. 14). 
For practical reasons, the scanner images were divided into several sec-
tions along the bluff. In total seven sections were distinguished with their 
length chosen according to applicability reasons as edges or gaps in the 
images etc. (Fig. 15).  
This subdivision of the scanned area made the manual marking of the 
bluff and cutting off of measurement gaps for the volumetric measure-
ments easier to conduct in a greater precision, since with a closer zoom a 
more precise marking is possible compared to a measurement of several 
100 meters in once. 

 
Fig .  14.  S ide  v i ew on the  vo lumetr i c  bod i e s  ob ta ined  f rom the  three  
s cans  (June ,  August  and October )  in  compar i son to  the  r e f e r ence  
p lane .  The three  images  show a pro f i l e  cu t  o f  the  vo lumetr i c  bod ie s  
ob ta ined  f rom the  c l i f f  sur fa c e  and the  r e f e r ence  p lane  beh ind the  c l i f f  
o f  ea ch  three  s cans  o f  the  b lu f f .  Compar ing  the  shapes ,  the  change  o f  
the  shape  o f  the  b lu f f  can be  s e en .  I t  be comes  par t i cu lar ly  c l ear  that  
in  the  l e f t  image  (ob ta ined  f rom the  June  s can)  the  c l i f f  i s  much l e s s  
s t e ep  and the  vo lumetr i c  body  more  vo luminous  then in  the  midd le  
image  (ob ta ined  f rom the  August  s can) .  
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Fig .  15.  The d iv i s ion  o f  the  s canned b lu f f  in to  s e c t ions  fo r  vo lumet -
r i c  measurements  
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Table  5 .  Measured  vo lumes  o f  the  d i f f e r en t  s e c t ions  o f  the  s canner  
images .  (Unre l iab l e  va lues  are  marked gr ey )  

Section Length (m)10 Volume between reference plane and 
slope surface, m3 

 Image July 
27th 

Image 
August 21st 

Image 
October 
04th 

1 40.47 286.45 228.12 275.68 
2 24.33 106.63 79.33 105.94 
3 30.42 463.73 436.70 557.18 
4 30.06 1312.46 1054.88 1167.99 

5 39.94 1628.41 1517.79 1541.93 
6 76.28 5796.89 6395.36 4680.04 
7 117.31 30178.15 28356.64 19903.12 
Total 358.81 39772.73 38068.82 28231.88 

On each scan (June 27th, August 21st and October 04th) the bluff on this 
section was then manually selected (marked) and the volume in regards 
to the reference plane (same plane for all scans) measured. 
To figure out the course of the bluff (in distinction to objects lying be-
fore or on top of the bluff), coloring the scans with the color informa-
tion from the associated photographs was found to be useful, because 
then the bluff is more clearly distinct from the pre-located beach and 
also from elevations on the upper surface compared to in single colored 
pointcloud images. 

6.5.1. Results of data processing in RiSCANPro 
As mentioned, the scanner images were divided into seven sections, for 
more precise marking and measuring, of which the volumes in respect to 
a reference plane (fixed for all scans) were then determined. The meas-
ured volumes [in m3] of the sections are given in table table 5. 
The volumetric changes are a basis to determine the retreat of the bluff 
and also interesting to investigate the necessary fill-up for a protection 
construction. 
From these volumes the volumetric change between July 27th 2012, 
August 21st and October 04th was determined for each section (Table 6). 
The RISCANPro software also allows for a visual projection (Fig. 14, 
fig. 16) of the measured volumes. A visual inspection and comparison of 
all obtained volumes was conducted in order to validate the selected ar-
eas and the measured numbers. 
As a last step of the scanner data processing the coastal sections were 
compared with the surface comparison tool. This tool enables to illus-
trate the coastal retreat. The scans from August were compared to those 
of June (Fig. 16). The scan of October was not included, since the quality 
(also because of the recorded snow accumulations) was found to be not 
sufficient to reveal usable insights. This surface comparison was done for 
all 7 sections. 

                                                        
10 The length of the sections is measured at the upper end of the bluff. 
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Table  6 .  Re la t iv e  vo lumetr i c  change  over  t ime (Ju ly ,  August ,  Octo -
ber )  (unre l iab l e  va lues  are  marked gr ey )  

Section Volumetric change (m3) compared to the previous record-
ing (a negative sign implicates loss of volume) 

 Change August 21st compared 
to July 27th 

Change October 04th 
compared to August 21st  

1 - 58.33 47.56 
2 - 27.30 26.61 
3 - 27.03 120.48 
4 - 257.58 113.11 

5 - 110.62 24.14 
6 598.46 1715.32 
7 - 1821.51 8453.52 
Total -1472 10500.74 

A more detailed description about the surface comparison can be found 
in Appendix0. 
All green colored areas in the surface comparisons are areas where the 
bluff has lost material in August in comparison to June. In all surface 
comparisons, the green areas are covering the majority of the bluff. Yel-
low colored areas are those where the bluff has aggraded in August 
compared to June. These areas are rarely found in the comparisons and 
are mainly located at the top or bottom of the bluff. The greatest losses 
were found to be around – 1.0 m and the greatest accumulations were + 
1.0 m, but most of the bluff lost around 0.025-0.6 m in August com-
pared to June. 

6.5.2. Interpretation of the obtained results in RISCAN& classification of the 
erosion 

Table 6 shows a volumetric decrease of the bluff for sections 1-5 and 
section 7 between the data from July 27th and August 21st, which is a 
clear pattern of coastal erosion. 

Table  7 .  Loss  o f  mater ia l  in  m3 per  meter  in  l eng th  o f  the  coas ta l  
b lu f f .  (unre l iab l e  va lues  are  marked gr ey )  

Section Loss/gain m3 per m of coastal bluff 
(losses are signed with “-“) 

 Btw. July 27th and August 21st Btw. August 21st and Oc-
tober 04th 

1 -1.44 1.18 
2 -1.12 1.09 
3 -0.89 3.96 
4 -8.57 3.76 
5 -2.77 0.60 
6 7.85 -22.49 
7 -15.53 -72.06 
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Fig .  16.  Sur fa ce  compar i son (d i s tance  in  m) August  to  June  fo r  s e c -
t ion  2 .  

Comparing the measured volumes of August and October, in sections 1-
5 a volumetric increase between August and October was measured. 
Having in mind, that the scan of October scanned snow on the coast, 
this can be explained as being due to a considerable amount of snow, as 
it can be seen in figure 12. The volume of snow on the bluff cannot be 
distinguished from the soil contents of the bluff in the recorded data and 
is thus falsifying the volumetric results. This means, that the comparison 
of the scans from August and October does not reveal reliable informa-
tion about material loss on the coast. Nevertheless, in figure 14, the de-
crease in volume between June and August is illustrated nicely and can 
be used for the further work. 
Regarding the quality of the initial raw data (the complete point clouds 
can be seen in fig. 9) and the processing, it was found, that sections 1-3 
are considered to be complete scans, providing good data for erosion de-
termination. Sections 4, 5, 6 and 7 however, contained some significant 
data gaps and the obtained volumes are considered to be inaccurate. Par-
ticularly section 6, which is a section reaching to an edge, where no more 
data is collected, shows some differences between the scanner images 
from the several times. It can be seen in figure 9 that the size and shape 
of the gap in the middle of the scans varies between the three scans. This 
could be assumed to be also a reason for the measured volumetric in-
crease in the scan of August compared to that from July (Table 6). 

Having the above mentioned problems in mind, the scan obtained in 
October 2012 appears to be useless for the determination of the volu-
metric development of the bluff because of the snow. Moreover, sec-
tions 4, 5, 6 and 7 from all three scans possibly contain too many gaps to 
deliver useable comparisons. Thus sections 1-3 of the scans from June 
and August remain for the estimation of the erosion of the cliff and pos-
sibly necessary back-fill volumes for protective measures for the coastal 
bluff. Nevertheless sections 1, 2 and 3 in total represent 95.22 meters of 
the coastal bluff in exactly the area where the erosion is expected to be 
worst. 

Losses between 0.8 and 1.4m3 per linear meter of coastal bluff between 
July and August were measured in the sections of the coast that where 
considered to be of reliable quality (1-3) (Table 7). And a total loss of 
112.66 m3 of coastal bluff in sections 1-3 was determined, just to illus-
trate this amount; 112m³ is approximately the fill of 9 truckloads.  
From this data also a linear retreat of the coastal bluff between the scan-
ning sessions can be calculated: 
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Table  8 .  Volumetr i c  change  be tween June  and August  2012,  on ly  
r e l iab l e  measurements  

Section Volumetric change (m3) compared to the previous 
recording 
(a negative sign implicates loss of volume) 

 Change July 27th compared to August 21st 
1 - 58.33 
2 - 27.30 
3 - 27.03 
Total -112.66 

The measured volumetric loss is 112.66 m3 over a length of 95.22 meters 
and an average cliff height of 4 meters is assumed. From the length and 
height an area of 380.88 m2 can be calculated which would mean an av-
erage linear retreat of 0.38 meters between June 27th and August 27th 
2012. June, July and August are also the summer month with the highest 
average temperatures during the year (2.0 °C, 5.9 °C and 4.7 °C). The 
scanner data from the months with the highest temperatures is meaning-
ful, since erosion of permafrost soils is found to be temperature depend-
ent in terms that it is increasing with increasing temperatures (Finseth et 
al, 2012). The calculated loss of 0.38 m within 2 month can thus be ex-
pected to be an extreme compared to periods with colder temperatures. 
Other research suggests about 0.5 meters per year (AT-205 Frozen 
Ground Engineering for Arctic Infrastructures 2012). However, the 
conducted scans show that there is a considerable retreat of the coast at 
Vestpynten and that regardless if the actual velocity of coastal retreat per 
year is 0.5 m or more, there is a need to stabilize the bluff in order to 
protect the road which is in the narrowest sections not more than 4 me-
ters away from the bluff. 
This means that the erosion at Vestpynten can be classified as slow to 
moderate erosion, according to the classification (see section 5.3), 
whereas the erosion of the cliff is expected to be stronger in summer 
then in winter. 
In the surface comparisons between August and June (Fig. 16 and Ap-
pendix 0), it can be seen that most of the bluff lost material in August 
compared to June (green areas). The yellow and orange areas, which are 
mostly found at the toe and the top of the bluff can be explained with 
the built 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 compari-
sons (Fig. 16, Appendix 0) confirm thepresumption that the erosion on 
Vestpynten is a combination of material loss from the instable cliff and 
the subsequent evacuation of material from the prelocated beach by 
waves. 
Regarding the data collection it needs to be acknowledged that the re-
cording of data seems to include some inaccuracies when scanning large 
sections as the approximately 300 meters of coast which were recorded 
in the scans. The approximately 95 meters of the bluff closest around the 
scanning point where recorded in a decent quality, while those areas fur-
ther away contained many gaps in the recorded pointclouds. Also, with 
respect to the data processing it can be recorded that, generally, the 
manual marking of the compared sections of the bluff in the scans from 
the different times must be seen as problematic. Manual marking in 
comparison to marking and selection of a part of a scanner image with a 
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predefined tool contains many sources of inaccuracy. However, so far it 
was found to be the most applicable option for a fast estimation of the 
volumetric differences over time 

7. ENGINEERING MEANS OF SHORE PROTECTION AT 
VESTPYNTEN 

The vulnerability of Arctic coasts to erosion is often interplay of several 
of the mutually connected factors mentioned in table 1, which lead to 
various erosion phenomena. This could be for example as it is also 
found in Vestpynten a deficiency of coarse grained beach forming mate-
rial and coasts consisting predominantly of material possessing poor hy-
drodynamic conditions (e.g. a low capability of the soil to keep water). 
This can lead to low ice content, low ice content, due to the hydrody-
namic conditions or due to thawing conditions, in turn leads to a low 
stability and also low bearing capacity of the coast. (Ogorodov 2005). 
And thus to instable coastal bluffs and beaches which are prone to sedi-
ment evacuation. 
As the measurements of coastal retreat at Vestpynten (Section 6.4) show, 
the coast and the infrastructures at Vestpynten are threatened by erosion 
and engineering means are required to protect the infrastructures at 
Vestpynten. 
From the description about the eroding factors in the field of climate, 
hydrodynamics and the physical geological characteristics of the site in 
connection with the topographical layout at Vestpynten, the following 
requirements for shore protection design can be derived; 
Topography: the steep slope of the coastal bluff must be considered in 
design. 
Climate: the soil stability is also dependent on the temperatures, where 
during warm periods an instable thawed layer develops. Moreover, the 
local weather can influence the construction period as well as the soil 
characteristics (freezing and thawing temperatures, active layer). 
Hydrodynamic situation: a designed structure must sustain the possible 
wave loads. For a first attempt ice loads (pressure) can be neglected. 
However, possible damages from floating sharp ice slabs and pieces 
must be considered. 
Physical-geological factors: the site characteristics imply that weak sub 
soils, a complex thermal regime and partly unstable permafrost are fur-
ther challenges for erosion protection design at Vestpynten. 
Summarized, that means, that according to the found erosion pattern an 
erosion protection structure needs to defend the beach and the coastal 
bluff at Vestpynten against the wave load and at the same time keep the 
material that gets loosened on the cliff by other erosive forces, as 
thermo-erosion, in place. Having these design prerequisites in mind, the 
following section will have a look on erosion protection design in Arctic 
regions in general, to give some insights about the possibilities. 

7.1. Constructions for erosion protection in Arctic environments 
Several materials and designs have already been applied in Arctic regions, 
amongst others also on Svalbard. There is a limited amount of research 
available regarding their performance (e.g.: Finseth et al, 2012; Finseth et 
al, 2013; Lothe and Finseth 2012; Sinitsyn et al, 2012). 
According to existing research, the most common design approaches, 
applicable for the protection of coasts on Svalbard are the following; 
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• Natural rock structures 
• Steel sheet walls 
• Timber structures  
• Geotextiles 
These kinds of erosion protections will be briefly described below. 

7.1.1. Natural rock structures 
Natural rock as erosion protection for piers has been applied at 
Longyearbyen, Bykaia quai and at Svea. At Bykaia the rock is used to 
build a perimeter around the reclaimed area behind the steel sheet cell 
pier. At Svea, an attempt has been made to stabilize a steep slope under 
and above water. It was found, that the erosion protection by natural 
rock at Svea was a failure, and that the Bykaia project in Longyearbyen 
has been a success, albeit with certain problems (Finseth et al, 2013). 
Fabrication/installation 
Available rock at Svalbard is not suited for coastal engineering projects, 
and all rock to be used for this purpose must be imported from the 
mainland. This makes all applications of natural rock very expensive 
(Finseth et al, 2013). 
• Performance 
In Svea, the rock mound failed after one season, but subsequent assess-
ments have shown that the slope was too steep and the base material was 
insufficiently prepared for the natural rock to remain stable. At 
Longyearbyen, the rock layer is generally stable, but there are locations 
which show a tendency to failure, probably due to a failure of the base 
layer. These failures are very problematic, because replacement material 
must be imported. In hindsight, the most probable cause of these fail-
ures is an insufficient filter layer, and not the rock itself (Finseth et al, 
2013). 

7.1.2. Steel sheet walls 
Erosion protection in the form of sheet pile walls is found at Barents-
burg. The wall at the north end of the town is low, typically 0.5 – 1.0 m, 
and shows only minor deflection at the top. At the south end of town 
the wall is higher, up to an estimated 2.5 – 3.0 m, and this has invited an 
aggressive backfilling behind the wall. This has resulted in rupture of the 
locks and a failure of a large section of the wall (Finsethet al, 2013). 
• Fabrication/installation 
As well as for any rock installation, also for any steel sheet wall installa-
tion, the material needs to be imported. 
• Performance 
According to the research done by (Finseth et al, 2013) steel sheet walls 
appear to be problematic for wall constructions that need to be higher 
than 1 meter. On higher walls rupture of the locks and a failure of a large 
section of the wall was detected (Finseth et al, 2013). However, the bluff 
to be stabilized at Vestpynten is higher (up to 4 m) and the applied de-
sign waves are also higher than 1m. 

7.1.3. Timber structures 
Beach erosion protection based on wooden materials is used in Pyra-
miden, where a wooden protection wall extends approximately 500 m on 
both sides of the main port. The erosion protection in Pyramiden was 
found to be well engineered and designed, and of excellent workmanship 
by (Finseth et al, 2013). The structure is based on vertical log piles (di-
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ameter ca. 200 mm) at approximately 1 meter spacing with horizontal 3 x 
8 inch planks behind. The horizontal stability is secured by steel ties at 
each pile and a buried anchor plate in the soil in the rear.  The erosion 
protection at Pyramiden shows that wooden materials may perform well 
to protect the wash-out of the coastal zone behind it over time (Finseth 
et al, 2013; Lothe and Finseth 2012). 
• Fabrication/installation 
As for the previously introduced erosion protection methods, also for 
wooden structures, the material is not locally available and has to be im-
ported. 
• Performance 
The condition of the wood was found to be very good without rotting 
decay or parasitic attacks. It is reported, that he wall remains for all pur-
poses vertical, and performs its function without failure. The wall was 
found to be undermined at one point, but this, is reported to be clearly 
caused by an overflowing seasonal creek behind the wall and not by 
wave or ice action. Finseth et al (2013) also examined a small section of 
erosion protection by log caissons in Barentsburg. This structure also is 
reported to be in remarkably good condition and shows a very good sta-
bility. However, the researchers were not able to determine how deep 
into the soil the caissons were buried, but the beach, it is reported, ap-
peared to be stable and no undermining was evident (Finseth et al, 2013; 
Lothe and Finseth 2012). 

7.1.4. Geotextiles 
As part of on-going research and development projects on erosion pro-
tection of arctic coasts and arctic coastal structures using local soils and 
innovative materials, geotextile bagsfilled with local soil are tested at 
three different sites in Svea. One of the projects is related to the coal pier 
and two projects are related to the cargo pier (Finseth et al, 2013; Lothe 
and Finseth 2012). 

•  
Fig .  17.  Eros ion pro t e c t ion  des i gn  sugges t i on  fo r  Fredhe im,  Sva l -
bard (Finse th  e t  a l ,  2012) .  
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Fig .  18.  The erod ing  coas t  a t  Fredhe im,  Sva lbard (Finse th  e t  a l ,  
2012) .  

Geosynthetics are produced in numerous varieties and materials, spe-
cially designed to reinforce and absorb forces in the soil, or act as a sepa-
ration layer to hold the soil in place where the water can flow freely 
through the sand and gravel (Finseth et al, 2012). 
However, most of the research carried out on Geotextile installations in 
Arctic regions concerns geotextile bags for slope protection, which are 
simply placed on the eroding area. This form of protection would not be 
applicable on the steep kind of bluff at the investigation area, since the 
cliff is simply too steep (70°-90°) for the conventional placement of geo-
textile bags on it. 
• Fabrication/installation 
Geotextile installations could be filled with a variety of materials includ-
ing locally available material (soils) but also concrete. This means that, 
depending on the chosen fill, only the geotextile layer has to be im-
ported, which is a light and compact good. 
• Performance 
The sand-filled geo-bags prevent washout of the beach zone and are 
flexible in adapting to changes of the under-layer. Placed with a 50 % 
overly of each bag to the neighboring one, the bags give each other extra 
stability against displacement. In the case of failure damaged bags are 
comparably easy to replace, they can be removed with a crane (Lothe 
and Finseth 2012). 
The durability is not yet studied in depth for recent materials. In research 
from the 1980es design lifetime of around 3-5 years is reported (Chen 
and Leidersdorf 1988). The design lifetime of geo-bags has increased 
however, the studied installations of this kind on Svalbard are reported 
to be a fairly new solution (only 3-5 years old), so that at this point in 
time no precise statements about their lifetime can be made (Lothe and 
Finseth 2012). 

7.1.5. Combined design with wood and geotextiles 
There has also been a first attempt of recent research on combining 
wooden structures with geosynthetics (Finseth et al, 2012), which would 
also speak for a combination of both materials. 
• Fabrication/installation 
A draft design combining a wooden front wall with a back filling of local 
soils, in combination with geotextiles was made in 2012 to protect a site 
called Fredheim, located close to the investigation site (20-25 km). A 
concept design is illustrated in figure 17. 
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Fig .  19.  Poss ib l e  looks o f  a  combined wooden/geo t ext i l e  e ros ion 
pro t e c t ion  a t  Fredhe im,  two d i f f e r en t  des i gns  (Finse th  e t  a l ,  2012) 

The geotextiles, it is suggested, could be used in horizontal layers in the 
back filling behind the wooden wall (the grey lines in fig. 17) to distribute 
the weight of the backfill more equally on the wooden piles and reduce 
local peak loads. A vertical layer could be used to keep the filling in place 
and avoid that it is eroded when waves penetrate the wooden construc-
tion (Finseth et al, 2012). 
Topographically Fredheim is comparable to Vestpyten in terms that the 
coast also consists of a steep bluff, a few meters (≈ 2 m) in height with a 
narrow prelocated beach (the flat beach is a few meters wide during low 
tides (≈4 m) and almost covered with water during high tide) figure 18. 
• Performance 
The advantages of this kind of design would be that; 
• The back-filling could be of local materials except of the geotextiles. 
• Wooden structures are sustainable and found to perform quite good in 

this climate as erosion protection. 
• Regarding the limited bearing capacity of the ground, wood is less 

heavy then for example rock structures as there have been some prob-
lems observed with natural rock constructions and the instability of the 
base layer. 

• Lastly a combined wood/geotextile structure would optically fit better 
into the landscape considering that the area has some kind of recrea-
tional value. Figure 19 illustrates possible looks of the suggested design 
at the coast in Fredheim. 

7.1.6. Conclusions 
Generally it was found in the reviewed research, that the most flexible 
solutions apparently had been those best standing their ground. Espe-
cially wooden materials, mostly applied in form of protective walls per-
form very well in Arctic environments regarding erosion protection and 
also their durability. Geosynthetics mostly applied as sandbags on slopes 
with low to moderate inclinations aregood in preventing beach outwash 
and they possess the big advantage that they can be filled with local ma-
terial, and can be maintained with comparably low effort. However their 
durability is not yet extensively proven. Albeit these advantages, it was 
recognized that insights about the application of geotextiles on steep 
slopes or even cliffs, as it is found in Vestpynten, are not reported. In 
case of damage geobags can lose fill material and lose their function as a 
protection installation, moreover, in designs were the bags are merely 
stack onto each other with a certain overly the loss of one bag can influ-
ence the stability of the other bags, but, as mentioned, geobags are also 
comparably easy to replace in case of damage or loss. 
For the “stiff” solutions, like rocks and steel sheet piles, some proofs of 
total collapse or of erosion taking place behind the protection is re-
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ported. For both design approaches this has in some cases resulted in 
rapid destruction and reduced protective effect. Regarding the materials, 
it was found that steel needs to be sufficiently coated and maintained to 
withstand the corrosive forces. Disadvantages regarding the applied pro-
tections from rock material are problems with the bearing capacity of the 
base layer and that big rocks of sufficient quality are not available on 
Svalbard (Lothe and Finseth 2012). 

7.2. Assumptions and approaches for general calculations for shore 
protection constructions 

This section will give insights into the basic assumptions to consider 
with regards to the design of a coastal protection installation on Vest-
pynten. This section is not meant to be comprehensive, but only consid-
ers the most basic parameters for a first design suggestion. 
These basic parameters are: 
• Assumptions about return periods of the considered loads, to derive 

appropriated input values for further calculations.  
• Wave forces, to estimate if a suggested structure design could with-

stand the expected wave loads at Vestpynten. 
• Active layer thickness of the bluff, since particularly the unfrozen part 

of the soil is prone to erosion and needs to be stabilized. 
Appropriated assumptions about the design return periods of the loads 
to consider are in this case the design return period of the considered 
wave forces. According to recent design standards for coastal and off-
shore infrastructures designing a structure resistant towards a 100 year 
wave (ACI Committee 357 (eds.) 1997) provides appropriated stability of 
the structure. 
Regarding the calculation of the active layer, it is reported that it is diffi-
cult to reliably forecast the average temperatures for the future for spe-
cific places, regarding a possible climate change (Instanes et al, 2004). 
However, the average monthly temperatures from 1912-2012 are used as 
input values for a calculating the active layer thickness, but the approach, 
as such, anywaysoverestimates the active layer thickness and thus ads 
some safety towards increasing temperatures. It has to be noted that the 
calculated active layer thickness is valid for the parts of the coast not 
covered by water as the coastal bluff. The active layer of the temporarily 
and constantly water covered parts of the prelocated beach and surf zone 
can be of a different thickness due to the water. 

7.2.1. Wave loads 
Slope protection installations can be displaced under wave load. A 
straight forward first approach to evaluate slope protection armor under 
wave loading is provided by the Hudson’s equation (Equation 3), which 
allows computingthe minimum weight of a protection unit to be not dis-
placed by the design wave: 

 
Equat ion 3 :  Hudson 's  equat ion (Chen and Leider sdor f  1988).  

Where  
• W = weight of an individual armor unit (kg/m3) 
• Wr = unit weight of armor unit 
• H = wave height (m)  
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• Sr = specific gravity of armor unit relative to water at the structure (Sr 
= Wr/Ww) 

• Ww = unit weight of water (kg/m3) 

• Θ = slope angle measured from horizontal (deg.) 
• KD = armor stability coefficient 

7.2.2.  Active layer thickness 
The thickness of the active layer, i.e. the part of the soil which thaws 
during the summer period has a major influence on the stability and 
bearing capacity of the soil. Ice bonds can form a stable soil from mate-
rials which are fairly weak in the unfrozen state, as it is also the case for 
the soil found at Vestpynten. 
Important input values to determine the thickness of the active layer at a 
given time are: 
• Air temperature over a year, (monthly averages) 
• Soil thermal conductivity (unfrozen)(k) 
• Soil latent heat of fusion (L) 
• Surface n factor for thawing (n) 
The thickness of the active layer can then be calculated with the Stefan’s 
equation (Equation 4): 

 
Equat ion 4 :  Ste fan ' s  equat ion (Anders land and Landany i  2004) .  

Where I is the degree days calculated by multiplying the average tempera-
tures with the days these temperatures prevailed. 
When applying the Stefan’s equation to calculate the active layer thick-
ness of a soil, it has to be acknowledged that the obtained values are al-
ways to large, since the volumetric heat of the frozen and unfrozen soil is 
neglected. (Andersland and Landanyi 2004) 
It should be acknowledged, that to draw more significant conclusions 
about the bearing capacity of the soil, further research is needed. Moreo-
ver, other the bearing capacity determining background processes as 
gravity processes like solifluction are not further considered. The estima-
tion of the active layer thickness only gives rough insights about the sta-
bility of the coast. Nevertheless, since the destabilizing processes pre-
dominantly occur in the active layer, it could be said, for a first approach, 
that the active layer is the part that needs to be considered in a stabiliza-
tion design. 

8. RESULTS 

Based on the previous findings, in this chapter, a specific erosion protec-
tion design for Vestpynten should be developed. From the conclusions 
drawn by previous research about the currently applied erosion protec-
tion designs on Svalbard (section 7.1), it was found, that wood and geo-
synthetics are performing comparably well in the conditions found on 
Svalbard. Thus design options with these materials will be further evalu-
ated with regards to the following requirements: 
Site specific suitability 
• Stabilization of the steep bluff (Weak soil of the bluff in unfrozen state) 
• Reduction of sediment transport/evacuation from the narrow low-

inclined prelocated beach 
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Environmental friendliness 
• Transportation/installation 
• Pollutants 
• decommission 
Adaption to the availability of materials 
• Local soil and porous rock on site 
Appropriate cost benefit ratio 
• High labor costs on site 
• High transportation costs 
Wooden protection wall 
• Site specific suitability 
Wood is resistant in the arctic climate 
A wooden protection wall (as for example suggested for the site at Fred-
heim) possibly even with frost-unsusceptible backfill would be suitable as 
stabilization of the steep bluff.  
Coastal protection walls can be either vertical or slanted. While a vertical 
design promotes sediment evacuation in front of the wall through wave 
reflection, a slanted design absorbs more of the wave energy but there-
fore causes also considerably higher maintenance costs. 
• Environmental friendliness 
Except of the requirement that wood needs to be transported over long 
distances to the site, wood is an environmentally unproblematic material. 
• Adaption to the availability of materials 
Wood needs to be imported from the mainland. 
• Appropriate cost benefit ratio 
More demanding with regards to installation in comparison to 
geobags/geosynthetics, because a wooden protection wall needs to be 
properly anchored and founded. The founding needs to be well in the 
ground (at least 2 meters) or beneath the active layer to provide the nec-
essary stability. 
Maintenance is reported to be relatively unproblematic in most cases 
where it is related to the substitution of damaged timber piles, however, 
when it comes to loosening of the structures anchoring the maintenance 
requirements can be more demanding and costly (Lothe and Finseth 
2012). 
Live-times over several decades are reported. 
High transportation costs due to the necessity to import wood.  
Geobags/Geosynthetics 
• Site specific suitability 
Suitable for the application on weak to moderately inclined beaches 
Geobags can be placed on the flat beach at Vestpynten without elabo-
rated ground preparations, only sharp objects which might damage the 
bags need to be removed. This is also advantageous with regards to the 
possibly unstable permafrost conditions at the (temporarily) water cov-
ered parts of the beach, which might complicate stable foundations in 
the soil. 
Through overlap of the geotextile of each bag the bags protection will be 
stable enough towards waveloads. 
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• Environmental friendliness 
Environmental impact of the geobag and geosynthetic solutions can be 
compared positively versus for example timber structures: The low 
weight and low volume of the prefabricated bags compared to other ma-
terials, makes the transports environmental impact clearly in favour of 
the wooden solution.  
Repair, maintenance and dismantling can be without considerable dam-
ages to the environment. (Artières et al, 2010) 
One disadvantage is that flushed away bags can be expected to flow as 
waste in the ocean for long time, possibly harming marine life. 
• Adaption to the availability of materials 
The Geotextile needs to be imported from the mainland. But the textile 
without fill is a light and not space consuming good. 
When filling the bags with local soil, the fill can be extracted at site or 
close by. 
• Appropriate cost benefit ratio 
Economical alternative: the main working steps are fill and placing. 
Ground preparation is barely needed. It is reported that fill and installa-
tion of a bag takes approximately 10 minutes and requires four persons 
(two bag operators and two excavator operators) (Caline 2010). 
Low transportation costs due to available fill at site or close by. 
Excavator needed for fill-up.  
Regarding the maintenance, it is reported from other projects that the 
need of replacement is less than 5 % of the bags over 3 years at the test 
site in Svea (ice conditions), and that there was no need of replacement 
in at the test site Kapp Amsterdam after 2 years (less ice load). Thus a 
rather moderate maintenance need for the Site at Vestpynten, where the 
ice conditions are less severe than at the site in Svea can be expected. 
Easy repair, replacement and dismantling. 
Comparably shorter lifetime then wooden structures.  
Comparing the above evaluated coastal protection options, it can be seen 
that Geobags and geosynthetics possess many advantages towards a 
wooden protection wall, however theapplication on the steep bluff re-
quires a specific design. 
In order to solve this problem in an advantageous way a geosynthetic 
material option that allows the application on the steeply inclining bluff 
at Vestpynten seems to be the most promising option. As this option 
geocells can be suggested: 
Geocells were originally developed to provide land support for heavy 
vehicles travelling over weak soils with low shear strength. Nowadays 
geocells are also applied in soil retention in reinforced walls, erosion pro-
tection and slope protection. Geocellswere already applied to stabilize 
soils in poorly accessible regions as Alaska and Siberia (Meyer, 
Emersleben and Groeger n.d.). 
Geocells achieve strength and stabilization of a soil by confinement via a 
series of three-dimensional cells of sizes up to 20x20 cm commonly 
made of polyethylene or polyester. When the cells are filled up, the Geo-
cell grid resembles the shape of a honeycomb (Fig. 20) (Yean 2005). 
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Fig .  20.  Geoce l l  g r id  (Yean 2005) .  

Geocells are especially suitable for armoring of bearing layers and road 
sides. This fact again makes them especially suitable for their applicability 
at Vestpynten, where the road is directly threatened by the erosion of the 
coastal bluff, which is at some spots only 4 meters distant from the road. 
The application of geocells as erosion protection is mainly based on an 
increase in resistance of the slope material towards the downslope forc-
ing erosive forces. The geocells provide additional position stability to 
the inherent soil, what hinders the soil on a downslope movement. The 
thereby occurring forces are absorbed by the geocells as drag forces. Ad-
ditionally, the geocells can be anchored with foundation rods or tension 
wire. Moreover, the frictional resistance between the geocells faces in-
creases the resistance of the soil towards vertical movement induced by 
frost-thaw cycles and leachate. The perforation on the geocell-faces en-
ables the drainage of water while the fill is hold in place. 
Geocells can also be filled with concrete, creating a slightly flexible con-
crete layer11. Through the perforation in the geocell faces the penetrating 
concrete could form stable bonds between the concrete and the geosyn-
thetic material. 
As illustrated in figure 21 geocells can be used to stabilize nearly vertical 
slopes, for that purpose, the geocells are arranged in layers over each 
other to build up a supporting structure and to protect the slope behind 
against the erosive forces (Meyer and Emersleben 2009). 

                                                        
11 The honey comb shape of the geocells creates a concrete layer which is not 
massive but consists of a number of connected, concrete filled cells, which pro-
vides a slight flexibility to the concrete layer compared to a massive one piece 
layer. 
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Fig .  21.  Ins ta l la t ion  o f  a  g eo c e l l  pro t e c t ion  wal l .  (Bygness  2007) .  

Evaluating geocells in respect to the parameters site specific suitability, 
environmental friendliness, adaption to the availability of materials and 
their cost benefit ratio, the following can be recorded: For geocells it is 
assumed that in many regards the same conclusions apply as for geobags 
because of the similarity in their material and fill. However, it was no 
specific research found about the application of geocells in Arctic climate 
or specifically on Svalbard. Sediment discharge from the geocells 
through wave overtopping is prevented when the geocells are piled up 
onto each other as illustrated in figure 21. The friction between the fill 
and the geocell faces provides a resistance towards vertical displacement 
and the bearing capacity of the soil is increased mainly by hoop tension 
forces (Fig. 22). 
• Environmental friendliness 
See geobags 
Polyethyleneis a long life, resistant material. By sun radiation it gets re-
fractory and will be decomposed in smaller particles which will not be 
fully decomposed by animals or bacteria but remain as pollutants 
(Ullmann and Bartholmé 1983). Thus an appropriated decommissioning 
of the structure is of great importance to ensure a minimal environ-
mental impact. 

 
Fig .  22.  Bear ing  capac i t y  o f  Geoce l l s  (Meyer  and Emers l eben 2009) .  
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Site  spe c i f i c  su i tab i l i t y  
• Adaption to the availability of materials 
See geobags 
• Appropriate cost benefit ratio 
Low maintenance needs are expected, since polyethylene is resistant 
against water, acids, leachates and temperatures between approximately -
85 °C and + 90 °C. However, the substitution of damaged geocell layers 
in a stack is seen as problematic, because lower layers cannot be substi-
tuted without removing the above layers. 
Installation requires an excavator and a vibratory plate compactorand is 
expected to be slightly more complex than the installation of geobags, 
since the material in the geocells also needs to be compacted when the 
layer is in position before the next geocell layer is installed. But the sys-
tem is faster to install then for example concrete support systems 
(Bygness 2007). 
From the above evaluation of the shortlisted erosion protection options, 
the comparison illustrated in figure 23 can be summarized. The graph 
contrasts the positive and negative points of the considered design and 
material options. The awarding of points is shown in the matrix table 9, 
where all positive and negative points of the design options regarding the 
evaluation criteria (site specific suitability, environmental friendliness, 
availability of material, costs/benefits) are listed. To create the compari-
son graph (Fig. 23) for each positive and negative feature listed in the 
matrix 1 point is given and based on the count of points the graphs were 
created. If the positive and negative points balance each other the design 
option is not credited in the graph. Thus the wooden protection wall is 
not shown as a graph for the criteria ‘site suitability’ and ‘costs/benefits’. 
It can be concluded that a wooden protection wall is regarding its site 
suitability, the material availability and the overall cost-benefit expecta-
tions less favorable than a geobag beach protection and a geocell bluff 
stabilization. A Geobag protection design for the reduction of sediment 
evacuation from the prelocated beach in combination with a geocell sta-
bilization of the bluff would fulfill the two tasks a protection design for 
Vestpynten should provide (stabilize the bluff and decrease sediment 
evacuation). Moreover, in the further evaluation, this combination was 
also found to be the best option in terms of its site suitability, environ-
mental performance, material availability and overall cost-benefit ratio. 
It was found that geosynthetic based stabilization options are usually less 
costly, less time intensive in their installation and also ecologically 
friendly compared to other options, when appropriate maintenance and 
decommissioning is conducted. But it has to be considered that the in-
stallation requires personnel, which is familiar with the handling and ap-
plication of these materials (Herold and Aydoğmuş 2002). This might re-
quire some training of the workers available at Svalbard, which could re-
quire an additional investment compared to already well known installa-
tions. 
Also regarding the durability of geosynthetic installations, it was found 
that these materials can nowadays be used as long term installations. Es-
pecially the geocell bluff stabilization, but also geobag installations were 
found to have life times of more than 5 years with low maintenance re-
quirements. 
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Table  9 :  Weight ing  matr ix for  des i gn  op t ions  over  eva luat ion c r i t e -
r ia .  

Methods Criteria 

Wooden pro-
tection wall 

Geobag 
beach protec-

tion 

Geocell cliff 
stabilization 

pos. • applicable 
on steep 
cliffs 

 • applicable on 
steep cliffs 

• especially 
suitable for 
stabilization of 
bearing lay-
ers/road sites 

Site suitability 

neg. • possible 
sediment 
evacuation 
in front 

• not appli-
cable on 
steep cliffs 

 

pos. • recyclable 
• biodegrad-

able 

• fill available 
• recyclable 

• fill available 
• recyclable 

Environmental 
friendlyness 

neg. • transporta-
tion 

• not biode-
gradable 

• not biodegrad-
able 

pos.  • fill available • fill available Material avail-
ability 

neg. • import mate-
rial 

• partly im-
port mate-
rial 

• partly import 
material 

pos. • long livetime 
• easy substi-

tution of 
damaged 
planks 

• easy instal-
lation 

• low 
mainata-
nance 

• easy sub-
stitution 

 

• easy installa-
tion 

• low mainte-
nance 

 

Cost/benefits 

neg. • complicated 
installation 

• footing and 
anchoring 
mainte-
nance com-
plicated 

• comparably 
shorter li-
vetime 

 

• complicated 
substitution  

8.1. General calculations of structure stability against main active 
factors of erosion 

This section reports the results of the conducted calculations regarding 
the necessary weight of an armor unit to possess the needed stability 
against wave load and the calculated thickness of the instable active layer 
of the bluff. The elaborated calculations, including all used input values 
can be found in Appendix 0. 

8.1.1. Necessary armor unit weight 
By means of the Hudson’s equation, an armor unit weight for sandbags 
of minimum 231 kg was calculated for a stable installation on the flat 
slope of the prelocated beach (Appendix 0). 
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Fig .  23.  Compar i son o f  e ros ion  pro t e c t ion  des i gns  in  r e spe c t  o f  the  
four  main parameter s .  For  each  advantage  one  pos i t i v e  po in t  was  
g iv en  and for  ea ch  d i sadvantage  one  nega t iv e  po in t .  

8.1.2. Active layer of the soil 
By means of the Stefan’s equation an active layer thicknesses of 1.99 m 
≈ 2 m was calculated. 
The calculated thawing depth is considered to be overestimated due to 
the neglect of soil volumetric heat in the Stefan’s equation and thus con-
tain a safety tolerance towards temperature variability (Appendix 0). 

8.2. Geobag/Geocell bluff stabilization 
In a protection design, where the bluff is stabilized by Geocells, the 
thickness of the Geocell armor should at least correspond to the active 
layer thickness of the bluff, i.e. the part of the bluffs surface which is 
thawing during periods with positive temperatures. This thickness is re-
quired because the monitoring of the coastal retreat showed that the ero-
sion of the bluff is related to the instability of the soil in non-frozen 
state. The geocell sidewalls also protect against wind and wave abrasion 
and if they are piled up, as illustrated in the design outline for Vestpynten 
(Fig. 24) the fill is prevented from being flushed away but, on the same 
time, the perforated design of the geocells provides drainage. 
The active layer thickness was calculated to be ≈ 2 m (including safety 
overestimation), from the top of the ground and the cliff surface, what 
suggests to stabilize at least this layer of the bluff with Geocells. How-
ever, to provide a stable anchoring with the permanently frozen part of 
the cliffs soil a geocell stabilization of 2,5 m thickness is suggested. I.e. 
the cliffs surface should be armored with geocell layers of 2,5 m width, 
covering the whole face of the bluff (4 m height). Geocells are usually 
available up to a height of 0,2 m (Geosystems 2013). Applying layers 
with this height to the bluff results in 20 layers of geocells to cover the 
whole vertical bluff face. 
This means that approximately 10 m3 of soil per length meter of the 
coastal bluff need to be excavated and inserted into the geocells. Where 
at most points the soil can be taken from the bluff itself, at the narrowest 
points where the bluff is close to the street or other infrastructures 
(about 4 m) it is recommended to add fill from other sites to enhance 
and stabilize the bluff. 



Coastal Erosion on Vestpynten, Svalbard — engineering measures for shore protection 
 

41 
 

 
Fig .  24.  Sugges t ed  pro t e c t ion  des i gn  fo r  Vestpynten  wi th  geobag 
beach pro t e c t ion  and geo c e l l  c l i f f  s tab i l iza t ion .  

This work requires an excavator, for the movement and placement of the 
fill and a vibratory plate compactor, to compress the fill in the geocells as 
illustrated in figure 21. The footing of the geocell armored bluff should 
then be protected with geobags, to prevent underscour and erosion in 
front of the bluff. Dimensions material specifications, producers for 
geobags as well as recommendations regarding the fill and installation of 
geobags which were already successfully applied on Svalbard are given in 
(Caline 2010) and (Artières et al, 2010): 
• Length: 500 
• Width: 120 cm 
• Height: 10 cm 
• Volume: 0.6 m3 
Filled with local soil material (with a density of 2668 kg/m³ and assumed 
30 % of pores in the fill) each bag will have a dry weight of approxi-
mately 1120.5kg and 1300.5kg in the saturated wet state. As the mini-
mum necessary weight of a sand bag armor unit to withstand a 100 year 
wave was calculated to be only ~231 kg a single geobag protection layer 
is expected to be sufficient, since the actual weight of a sandbag unit is 
almost the six fold weight of the minimum necessary weight. However, 
to avoid the flushing away of bags and pollution of the environment with 
bag residues in case a bag loses its fill and is thus easily taken away by 
wind and waves, it is recommended that the bags are equipped with a 
strap of the same width as the bag and the same length as the bag at the 
long side of the bag (Fig. 25). Each adjacent bag can then be placed on 
the geotextile strap of the neighboring bag and thus the bags can secure 
each other without the necessity of overlying bag layers. Moreover, from 
own experience with big bag (huge sandbags) installations in water engi-
neering I would recommend to equip the strap and the geobag with a 
Velcro fastener (hook and loop) to keep the strap in place, i.e. to fasten 
the stap of each geobag to the neighboring geobag (Fig. 25). The 
geobags should be placed with the long side (5 m) perpendicular to the 
geocell bluff stabilization. This arrangement of bags is found by Caline 
(2010) to absorb a higher amount of wave energy compared to a place-
ment where the bags are lying with the long side in direction of the bluff 
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and is proved to be functionalat the test sites in Svea and Kapp Amster-
dam12(Caline 2010). 
The greatest remaining problem with the suggested structure of geocell 
cliff stabilization and geobag beach protection are the remaining causes 
of bag damage: These are sharp rocks (e.g. in the fill or underneath the 
bags) and sharp floating ice pieces. 
It is reported that big rocks in the fill can puncture the bags (Artières et 
al, 2010; Caline 2010). Thus to avoid initial damage to the bags, it is rec-
ommended to sieve the fill, this could be done simply by applying a 
coarse sieve to the filling funnel inlet. A mesh with the diameter of 20 
cm is expected to be sufficient to sort out too big rocks. 
Regarding the material, non-woven envelope bags can be suggested, be-
cause of their resistance towards weathering: in the test carried out in 
Svea and Kapp Amsterdam (Svea) non-woven envelope bags were found 
to be slightly less wornby weathering of waves, ice and wind then the 
woven alternatives(Artières et al, 2010; Caline 2010). 
As the main problem of the suggested structure, the expected fill loss in 
case of geobag damage can be seen. 
Even though, it is often reported, that structures which are able to with-
stand large events tend to be more cost intensive then weaker structures 
for which the maintenance costs have been included (Mockett and Simm 
2002), it is doubted that this is also the case for the investigation site/ for 
the Arctic. Because materials replacement is much more expensive, labor 
costs are higherthan in less remote areas and the environmental condi-
tions (winter, bad weather) could delay immediate repairs which may lead 
to the necessity of more comprehensive repairs. To limit these possibly 
higher maintenance costs and as an option to solve the problem of bag 
fill loss in case a bag is damaged by rocks or floating ice pieces, geobags 
filled with a concrete fill are suggested as an alternative to loose soil fill. 
Concrete, as a cohesive fill, would keep the material in place even when 
the bag is damaged. Since it would not be necessary that the concrete fill 
possesses certain strength norms, but would mainly have the function to 
form a cohesive bag-fill instead of loose material fill, the concrete could 
be blended on site with locally available concrete aggregates (sand, 
gravel, rocks). 
Moreover, concrete is environmentally save during production and use 
and it could even be recycled (Hohberg et al, 1996; German Cement 
Work's Association e.V. Research Institute of the Cement Industry 
1996).13 
Advantages 
• Resistant stable material, no fill loss in case of bag damage. 
• Durable and applicable in combination with water/ good bonding in 

water/wet environments. 
• Lower maintenance costs due to the prevention of fill loss. 

                                                        
12 Svea and Kapp Amsterdam (quai of the Svea mine) are places on Svalbard. 
13 German Cement Work's Association e. V. Research Institute of the Cement 
Industry. (1996). Concrete, Hard as rock, strong on performance, fair to the en-
vironment. German Cement Work's Association e. V. Research Institute of the 
Cement Industry. 47 p. 
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Fig .  25:  Geobag des i gn  wi th  s t rap and ve l c ro  fas t ener .  The des i gn  i s  
based  on the  common ava i lab l e  Geobags  a l so  used  on the  t e s t  s i t e s  
Svea and Kapp Amsterdam (Cal ine  2010) the  common des i gn  i s  ex-
t ended by  the  v e l c ro  fas t eners  to  he lp  keep ing  the  bags  a t ta ched  to  
ea ch o ther  and in  p la ce .  

Disadvantages 
• Cement constituents need to be imported. 
• In comparison to loose soil fill less flexible, thus less adaption to possi-

ble changes in the ground and an increased risk of underscour. 
The filling of geobags with a cohesive concrete fill of concrete blended 
with locally available aggregates (sand, gravel, small rocks) has not yet 
been tested on Svalbard and no literature about tests in general were 
found. Thus, definite statements about the performance cannot be made 
yet. However, based on the above mentioned characteristics of concrete, 
the option of a concrete fill for geobags is suggested for testing. 
The filling is suggested to be blended with a minimum of 350 kg/m³ of 
cement constitutes, based on the guideline for water concrete mixtures 
(Nestle 2003). 

9. CONCLUSION 

The following conclusion is divided into two subparts: The first part will 
report the conclusions about the suggested coastal protection design for 
Vestpynten, while the second section reports the conclusions regarding 
the methods used in this thesis. 

9.1. Conclusions protection design 
Regarding the protection design the most important conclusion is the 
answer to the question if the suggested structures fulfill the in section 
8 set requirements: 
• Arctic climate suitability 
Geobags as well as geocells are reported to have been already success-
fully applied in comparable environments and the materials can be ex-
pected to withstand the climatic impacts on Vestpynten. However, more 
research needs to be done regarding their expected lifetime. Also more 
detailed ice impact evaluations would be of importance, because even 
though there are no big ice pressures expected at Vestpynten (Fig. 34 
Appendix), sharp floating ice pieces might impact the structures nega-
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tively. Moreover, the installation of erosion protection structure can al-
ways lead to wave deflections which might cause higher erosion rates at 
adjacent places, thus the neighboring coastal sections should also be 
monitored.  
• Environmental friendliness 
The aspect which needs to be kept in mind is that remains of the geosyn-
thetics must not pollute the ocean or the surrounding environment and 
endanger wildlife. 
Adaption to the availability of materials 
Mainly local materials can be used, even though some processing might 
be useful (e.g. filtering big rocks). 
• Appropriate cost benefit ratio 
Workers training for the installation of the suggested methods can be 
seen as investment that might pay out in the future. 
Both design suggestions – Geobags and Geocells, also in case of a 
geobag concrete fill – are reported to be comparable cost effective instal-
lations opposed to solid concrete and rock installations. Additionally, the 
transportation costs are playing an important role because of the remote 
location of Vestpynten. That makes the suggested design even more cost 
effective since it is the only design option where the goods to be trans-
ported are of very little weight and volume and a local fill can be used. 
This puts Geotextiles in an economically advantageous position towards 
rock, concrete and even wooden structures. 
Moreover, regarding the doubted applicability of the aspect that struc-
tures which are able to withstand large events tend to be more cost in-
tensive then weaker structures for which the maintenance costs have 
been included (Mockett and Simm 2002). The suggested geotextile based 
design seems to provide a good compromise between durability, uncom-
plicated maintenance and appropriated material costs. 
Thus, in respect of the four main requirements, it can be concluded that 
the suggested design of a geocell bluff stabilization in combination with a 
geobag beach protection can be expected to be an appropriate coastal 
protection solution for Vestpynten. Furthermore, it is recommended to 
test the suggested concrete fill for geobags, to prevent fill loss in case of 
bag damage and thus extend the lifetime of the protection structure. 
In order to manage the detected weaknesses of the design approach a 
regular monitoring of the structure, particularly after unexpected strong 
weather events like storms but also ice drift is strongly recommended, to 
evaluate the theoretical assumptions about the stability and to avoid 
negative environmental effects. 

9.2. Conclusions methods 
• Fieldwork 

Fieldwork in general and on Svalbard especially requires some planning 
and is relatively timeconsuming, it can be concluded that always some 
extra time and auxiliary dates should be scheduled. Moreover it was 
found to be very helpful to talk to people familiar with the site and/or 
the kind of planned work to recheck the completeness and practicabil-
ity of the own plan. 

• 3D laser scanner as method to estimate soil loss 
Suitable for small areas (construction sites etc.) 
Enables very precise recordings, which is also important for the evalua-
tion of applied protection methods 
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It is suggested to maintain monitoring at Vestpynten to gain more values 
for comparison, detect the development of the erosion 
It was observed to be problematic to operate the scanner device in diffi-
cult weather conditions outside (temperature, snow…) 
• RiscanPro, the software for scanner data processing 
It was no option found to apply scales to scanner images (neither in the 
software nor in the manual), this problem was also detected by David 
Wrangborg PhD candidate at UNIS who is working with the Riegel 3D 
laser scanner system. 
• Generally very understandable layout and user interface. 
• Calculations 
It needs to be acknowledged that the applied calculation methods to de-
termine the dimensions and the stability of the structure (Hudson’s equa-
tion and Stefan’s equation) are simplified but appropriate for a first at-
tempt to design a protection structure. For the Stefan’s equation this ap-
plies, because the calculated thawing depths are always too big and a 
safety is added. For the calculation with the Hudson’s equation, it applies 
in this case, since the calculated minimum value was more than six-fold 
smaller than the calculated weight of the structure.  
• Literature review 
Regarding the available literature on the topic, it can be concluded that 
there is on the one hand a reasonable amount of information available, 
mainly in the form of conference proceedings, reports and technical data 
sheets. Most of these information are very recent documentations (less 
than 5 years old). On the other hand the amount of well-known standard 
literature comprising all the recent findings was found to be quite lim-
ited. Due to this situation mainly two things have to be considered: 
With regards to the recent date of most of the literature and the reported 
test sites, it is hard to find long term studies. 
Due to the lack of comprehensive overview works, some aspects can 
easily be missed out and some research might have not been considered. 
This is expected to be particularly valid for research about the Russian 
arctic, where quite an amount of literature is only available in Russian. 
Nevertheless, it is generally expected that the most recent and important 
findings literature can provide regarding coastal protection design on 
Vestpynten were considered in this research. This is also thanks to Dr. 
Anatoly Sinitsyn who had a look on the Russian literature and provided 
some summaries in English. 

9.3. Discussion, limitations and recommendations 
The limited time of the project, did only allow collecting and considering 
a certain amount of data, however, the access to fieldwork results and 
reports of groups and persons working at Vestpynten allowed for some 
important additional insights for example regarding the soil quality at the 
site. Nevertheless, some interesting parameter could not have been con-
sidered in more detail as for example the strength of the soil, because the 
compression tests in these works failed and could not been repeated so 
far. 
It has to be acknowledged that the existing research about coastal ero-
sion and coastal erosion protection in Arctic regions is comparably less 
comprehensive then those for moderate climates and less remote areas, 
thus some of the findings are very basic and further research with re-
spect to more detailed impact parameters (foundation layer under the 
sandbags, ice conditions) and also the design suggestions is recom-
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mended. This is especially valid for the recommended concrete fill for 
the geobag beach protection. 
Practical testing and monitoring of the suggested design is recommended 
to evaluate its performance. 
Despite these limitations and recommendations the work is considered 
to give an appropriate design approach for the investigation site in re-
spect of the site specific features, environmental aspects and also eco-
nomic considerations. 
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I. APPENDIX 

I.I. Surface comparison 
The surface comparison allows illustrating the coastal retreat. The scans 
from August can be compared to those of June, the color bar (upper part 
fig. 26) illustrates areas of cliff retreat and increase. This was done for all 
seven sections figure 26 [overview] and figurs 27-33 [zoom in to sec-
tions]). Riscan pro offers two different modes to compare surfaces: 
Normal vectors and reference plane. 
The reference plane mode was chosen, since in the option normal vec-
tors the normal distance between a base data point (August is base data, 
june scan is reference data) and the closest data point of the reference 
mesh (june) is measured, thus it would not be sure from where the Vec-
tor is coming. In the reference plane option, the distance from a base 
data point to the reference mesh is calculated by intersecting a ray vector. 
It was unfortunately not possible to create a surface comparison between 
August and June for the complete scanned area due to the huge amount 
of data and the problematic to triangulate this data (prerequisite to create 
a surface mesh). Because of some lacks in the scans (big distances be-
tween the recorded points (primarily in a greater distance from the scan-
ner) the triangulation of the complete scanner image did not yield suffi-
cient results, and the program (RiscanPro) could not create a sufficient 
surface comparison.  
Figurs 27 - 33 show the surface comparisons obtained for all the seven 
section of the scanned coastal part, as well as a zoom into each section. 
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Fig .  27.  Sur fa ce  compar i son (d i s tance  in  m) August  to  June  fo r  
s e c t ion  1 .  Front  v i ew f rom beach .  Sca l e  o f  f i gure  26 app l i e s .  

 

Scale for Fig.26-33	  
zz 

 
Fig .  26.  Overv i ew sur fa c e  compar i son (d i s tance  in  m) August  to  
June  fo r  the  comple t e  s canned c l i f f  ar ea  (a l l  7  s e c t ions) .  Birds  
per spe c t iv e  f rom f ront .  And co lor  bar  s ca l e  fo r  f i gurs  26-33.  
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Fig .  28.  Sur fa ce  compar i son (d i s tance  in  m) August  to  June  fo r  
s e c t ion  2 .  Front  v i ew f rom beach .  Sca l e  o f  f i gure  26 app l i e s .  

 

 
Fig .   29.  Sur fa ce  compar i son (d i s tance  in  m) August  to  June  fo r  
s e c t ion  3 .  Front  v i ew f rom beach .  Sca l e  o f  f i gur  26 app l i e s .  

 

 
Fig .   30.  Sur fa ce  compar i son (d i s tance  in  m) August  to  June  fo r  
s e c t ion  4 .  Sca l e  o f  f i gure  26 app l i e s .  

 

 
Fig .   31.  Sur fa ce  compar i son (d i s tance  in  m) August  to  June  fo r  
s e c t ion  5 .  Front  v i ew f rom beach .  Sca l e  o f  f i gure  26 app l i e s .  



Antonia Linzbach  TRITA LWR Degree Project 14:15 
 

 
 

4 

 

 
Fig .   32.  Sur fa ce  compar i son (d i s tance  in  m) August  to  June  fo r  
s e c t ion  6 .  Front  v i ew f rom beach .  Sca l e  o f  f i gure  26 app l i e s .  

 

 
Fig .   33.  Sur fa ce  compar i son (d i s tance  in  m) August  to  June  fo r  s e c -
t ion  7 .  Front  v i ew f rom beach .  Sca l e  o f  f i gure  26 app l i e s .  

I.II.  Precipitation 
As mentioned, the precipitation (rainfall and snowfall) on Svalbard is not 
very much. Table 10 shows thePrecipitation measured at Svalbard Air-
port.14 The annual precipitation amounts around 190 mm, where in 
autumn and winter slightly more precipitation is measured then in sum-
mer and spring (Førland et al, 2011). 

I.III. Ice conditions around Vestpynten 
Vestpynten is located at the outlet of the Adventfjord and thus not in a 
confined area where the buildup of huge forces must be expected, this 
can also be seen in figure 34, where Vestpynten is located at point A and 
the expected surface ice pressure is illustrated to be around 0 (Sinitsyn et 
al, 2012). 

Table  10.  Average  pre c ip i ta t ion  to ta l s  ( in  mi l l imet er s )  dur ing  
1961–90 and 1981–2010 

 

                                                        
14 The relocation of the gauge at Svalbard Airport in 2005 has minor influence 
on the 30-year average 1981–2010. 
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Fig .  34.  I c e  pre s sure  s imula t ion fo r  Advent f j o rd  (S in i t syn  e t  a l ,  
2012) .  

I.IV. Soil Sampling Data 
Several soil cores have been drilled, of which two have been analyzed in 
respect of the following parameters; 
• Soil classification 
• Water content 
• Salinity 
• Freezing temperature 
• Dry density 
• Porosity 
This section reports the findings made during the fieldwork of the UNIS 
courses AT-205 and AT-329. 
• Water content between 5,8 % and 25 % 
The moisture content is a decisive factor determining soil strength. The 
lower the soil water content, or the drier the soil, the greater the soil 
strength. Soils that are saturated, or waterlogged have weak soil 
strengths. This applies to unfrozen soils, but even in temperatures well 
below the freezing point some water remains unfrozen in the soil and 
decreases the strength of the soil. (Andersland and Landanyi 2004). Also, 
increasing water contents make a coast more vulnerable for thermal ero-
sion impacts. 
However a wide range of water contents was measured in the soil sam-
ples from low 85,8 %) up to one quarter of water, so it is hard to make 
any more specific statement about the contribution of the water content 
in the soil to the vulnerability for erosion on that specific site.  Overall, it 
can be said that the measured water content is rather low for a coastal 
soil in the Arctic, where water contents of up to 70 % were reported 
(Samolodschikow 2008). 
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Fig .  35.  Resu l t  o f  manual  t r iangu la t ion  in  Ris can Pro .  

• Low salinity  
Some remarkable variations were measured, so it cannot be excluded, 
that this might be due to measurement errors. All sections of the two 
analyzed drill cores had a salinity between 0.1-0.8 ppt, however, in one 
sampling section a salinity of 4.2 ppt was measured, which can be due to 
a measurement error. Nevertheless, all these values are well below the sa-
linity of seawater (≈ 30 ppt). The values measured in core Nr. 1 are even 
within the range of freshwater salinity (≤ 0.5 ppt). 
At subzero temperatures salinization is responsible for the soil state 
(solid-frozen, plastic-frozen, or overcooled) and for its mechanical prop-
erties. A high salinity considerably decreases the soil strength (Rivkin, 
Koreisha and Ivanova 2003). 
• A soil Freezing point close to 0 °C was measured 
This is in accordance with the low salinity values measured in the two 
drill-cores. Regarding the fact that ice is for unlithified coasts a main 
binding component, a freezing temperature close to 0 °C can be consid-
ered as an advantageous feature. 
• Inconspicuous density and porosity values 
Bulk density is another important factor affecting soil strength. As bulk 
density of a given soil increases soil strength also increases. Bulk density 
is the oven dry weight of soil divided by the volume or space occupied 
by the soil. Remember that soil is composed of solids and pores, and the 
greater the bulk density the greater the amount of solids, and the smaller 
the amount of pore space. For a particular soil type, as bulk density in-
creases, soil strength increases (Andersland and Landanyi 2004).  
The measured densities seem a bit high compared to the values given in 
the Frozen ground engineering handbook (Andersland and Landanyi 
2004) Porosity values for well graded silty sand and gravel are reported 
to be at a minimum of 12 maximum of 46 respectively 29 and 55 for 
other well graded materials (Andersland and Landanyi 2004). This is 
about the range as the measured values. 

I.V.  Determination of Volumetric changes with Riscan Pro 
After the reference plane is set, as described in chapter 6.5, there are two 
different options of volumetric measurements; 
• Reference plane to reference mesh15 
• Base mesh to reference mesh  
It was decided to use the reference plane to reference mesh option to 
obtain the volumetric changes of the coastal bluff over time. This opera-
tion includes an automatic triangulation of the complete scanner image 
(pointcloud) and thus is very suitable for big scanned areas (as for exam-
ple the scanned coastal bluff, which extends over more than 300 meters). 

                                                        
15A mesh is the triangulated surface of a scanner image pointcloud. 



Coastal Erosion on Vestpynten, Svalbard — engineering measures for shore protection 
 

7 
 

 
Fig .  36.  Decomposed  s t ruc ture  by  sur fa c e  extrac t ion  a f t e r  t r iangu la -
t ion  

The first option calculates the volume between the surface of the scan-
ner image and the reference plane. With the second option the volume 
between two scanned surfaces can be determined. This option offers a 
direct illustration of the volumetric changes. But it also requires the crea-
tion of meshes from the pointcloud images recorded by the scanner (tri-
angulation) as a single distinct working step, which is very time consum-
ing and incorporates a potential source of error and was, due to the 
quantity and quality of the data found to be problematic. 
Therefore it was decided to use the reference plane to reference mesh 
option to obtain the volumetric changes of the coastal bluff over time. 
This operation includes an automatic triangulation of the complete scan-
ner image (pointcloud) and thus is very suitable for big scanned areas (as 
for example the scanned coastal bluff, which extends over more than 
300 meters of which 95 were found to be of sufficient quality for further 
analysis). 
The great advantage of the automatic triangulation compared to the 
manual triangulation is that automatic triangulation is performed for the 
complete scanner image, while manual triangulation requires the creation 
of a polydata object, the manual selection of the area to be triangulated, 
which is the part the most errors could be incorporated, because if the 
triangulation in the different scans is not performed similarly, the com-
parison will reveal inaccurate values. The main problem was that the ob-
tained bodies contained lots of gaps, as it can be seen in figure 35 and 
figure 36. 
Or that via “waterproof triangulation”, where all gaps are filled the ob-
tained surface structure became very decomposed/coarse 

I.VI. Calculations 

I.VI.I. Displacement under wave load for sandbags 
The minimum weight of a sandbag to resist wave displacement can be 
calculated by means of the Hudson’s equation (Equation 5): 

 
Equat ion 5 :  Hudson ’s  equat ion to  ca l cu la t e  the  ne c e s sary  sandbag 
we igh t  to  r e s i s t  wave  d i sp la c ement (Chen and Leidersdor f  1988) .  

W = weight of an individual armor unit (kg/m3) = 231.13 kg 
Wr = unit weight of armor unit = 2668 kg/m3 (density of local soil incl. 
water content) 
H = wave height (m) = 2.3 m (height of a 100 year wind wave predicted 
for Longyearbyen) 
Sr = specific gravity of armor unit relative to water at the structure (Sr = 
Wr/Ww=2668/1025= 2.6) 
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Ww = unit weight of water (kg/m3) = 1025 

Θ = slope angle measured from horizontal (deg.) = 5 (slope of the beach 
in front of the bluff) (cot 5°= 11.43) 
KD = armor stability coefficient =3 (estimated value according to (Chen 
and Leidersdorf 1988)). 
Putting these values into the Hudson’s equation a value of W = 
231.13 kg is calculated. Thus 231.13 kg is the minimum weight of a ar-
mor unit to be not displaced by the design of 2.3 m. 

I.VI.II. Sandbag weight 
The actual sandbag weight can be calculated with Equation 6: 

 
Equat ion 6 :  Sandbag we igh t  ca l cu la t ion  by  Volume and dens i ty  

Sandbag volume ( 0.6 m3 

Soil density 2668 kg/m³ (with measured average dry density of 
2300kg/m3 and water content of 16% of the soil at site)  
Weight sandbag =0,6 * 2668 * 0,3 = 1120.5 kg 
Weight water saturated sand bag = Weight sandbag + weight of water in 
the pores 
Volume pores=Volume water 
0.3 * 1000kg/m³ * 0.6m³ = 180 kg 
Weight water saturated sand bag = 1300.5 kg 

I.VI.III. Ative layer thickness 
The active layer thickness can be calculated by means of Equation 7: Ste-
fans equation 

 
Equat ion 7 :  Ste fans  equat ion fo r  the  ca l cu la t ion  o f  the  a c t i v e  layer  
th i ckness  (Anders land and Landany i  2004) .  

Air temperature over a year, (monthly averages) 
The monthly average air temperatures (Table 3) are the basis to calculate 
the degree days (I) (Andersland and Landanyi 2004). 
To determine the depth of thaw penetration, from those month with av-
erage temperatures above freezing the degree days (°C * days) need to be 
calculated. In case of Vestpynten these are: 
June:  2,0 °C *30 days = 60 °C days 
July:  5.9 °C *31 days = 182 °C days 
August: 4.7 °C *31 days = 145 °C days 
September: 0.3 °C *30 days = 9 °C days 
Total:   396 °C days = 34214400  °C sec. 
Soil thermal conductivity (unfrozen) (k) = 1.75 w/m°K (for sand and 
gravelly soils) 
Soil latent heat of fusion (L) = 60.000 kj/m³ 
Surface n factor for thawing = 2.0 
Putting these values in the Stefan’s equation a thawing depth (X) of 1.99 
m ≈ 2 m is calculated. 


