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ABSTRACT: 

The development of cornices, their cracking and consequent failures largely controlled by 
meteorology along the Gruvefjellet plateau ridge was investigated in the two consecutive snow 
seasons of 2009 and 2010. These natural processes endanger life and infrastructure in 
Longyearbyen, Svalbard’s main settlement in the High Arctic. Two automatic time lapse cameras 
provided up to 6 daily pictures of the entire Gruvefjellet slope from the valley bottom and monitored 
the cornice development and tension cracking from the ridgeline. Furthermore stakes on the plateau 
were used to record snow depth distribution and cornice growth. 45 field trips up the plateau were 
carried out to study the processes and to manually measure cornice crack opening rates. 
Meteorological data were recorded by an automatic weather station situated on the Gruvefjellet 
plateau source area. Both snow seasons indicated that cornices were built up by a low number of 
distinct storm events and that cornice scouring due to high wind speeds is rather limited. In 2009 the 
first cornice cracks were observed in mid April, while in 2010, probably due to persistent warm 
weather in combination with large amounts of rain, cornice cracks were already developing at the end 
of January. Cornice crack measurements showed a linear development, indicating the major influence 
of gravity. 177 cornice failures have been recorded, whereof 11 were “D3-R3” and “D3-R4” 
avalanches which nearly reached housing infrastructure. Cornice fall avalanches occurred throughout 
the entire snow season, though the majority was released towards May/June due to temperatures 
above freezing and 24 hours direct solar radiation. 

 

1. INTRODUCTION AND SCOPE 

Cornices form along the ridgeline of the 
Gruvefjellet plateau mountain which borders the 
valley Longyeardalen on its eastern side, where 
Longyearbyen, Svalbard’s main settlement is 
located at 78° N in the High Arctic. The plateau 
source area in combination with a prevailing 
winter wind direction from SE and the distinct 
slope inflection leads to the annually built up of 
these large cornices. 177 cornice failures have 
been recorded in the snow seasons 2008/2009 
and 2009/2010 at the NW facing slope of 
Gruvefjellet. 11 of these reached lower ground 
and thereby endangered life and infrastructure in 
Longyearbyen (Figure 1).  

The purpose of this paper is to document the 
first extensive study on cornice dynamics in 
Svalbard, their cracking and consequent failures. 
Furthermore the study indicates that cornice 
avalanches display an important 
geomorphological agent in terms of sediment 
transportation. 

 

 

2. STUDY AREA AND METEOROLOGY 

The plateau mountain Gruvefjellet rises to a 
maximum altitude of 525 m a.s.l. its west facing 
crest to about 460 m a.s.l. In Nybyen, a part of 
Longyearbyen, 17 houses are built on avalanche 
deposits underneath the Gruvefjellet slope. 
During both winter and spring, more than 200 
students and tourists live in these houses. 
Nybyen is situated at about 125 m a.s.l., which 
results in a vertical drop for potential cornice fall 
avalanches from Gruvefjellet of nearly 335 m 
(Figure 1). The plateau extends NW – SE for 
more than 2 km which displays a huge source 
area, where considerable amounts of snow are 
redistributed. The prevailing winter wind 
direction is from SE. The NW-facing slope is 
therefore loaded with wind slabs right beneath 
the cornices due to its leeward position. As 
annual precipitation is only 200 mm w.e. at sea 
level (Førland et al. 1997), snow depth on the 
main plateau may be less then 0.5 m throughout 
the entire snow season (November - July). 
Average hourly maximum wind speeds at the 
automatic weather station ‘Gruvefjellet’ situated 
on the plateau source area at 464 m a.s.l. were 
above 6 m/s in both snow seasons with gusts up 
to 32 m/s. 
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Rock noses right at the plateau edge and a 
second level of outcrops at the upper slope 
section of Gruvefjellet divide the studied slope 
into five major gullies due to the Firkanten 
formation, a harder sandstone layer (Major et al. 
2001).  

3. METHODS 

An automatic time lapse camera was installed in 
the valley Longyeardalen to take 4 daily pictures 
of the entire Gruvefjellet slope above Nybyen 
(Figure 1). Thereby it recorded cornice failures 
and consequent cornice fall avalanches. A 
second camera was placed perpendicular to the 
edge of the plateau to monitor cornice accretion, 
erosion and cracking. Furthermore stakes with 
height indicators were used to record snow 
depth distribution. Using the obtained camera 
pictures, periods of cornice growth and cornice 
scouring could be identified. The automatic 
weather station ‘Gruvefjellet’ situated 400 m 
away from the cornice site provided hourly 
meteorological data including air temperature at 
standard height, wind speed and wind direction. 
45 field trips up the plateau were carried out to 
study the ongoing processes and to manually 
measure cornice crack opening rates. All 
observations on cornice failures were stored in a 
database including location, timing, magnitude 
and debris content. 

4. RESULTS 

4.1 Cornice built-up 

The automatic camera pictures and the fieldtrips 
indicated that cornices grow to a relevant size 
within a relatively short time after the first 
snowfall. During the snow season 2009/2010 11 
storms that contributed to cornice accretion 
could be identified, but only 5 storms led to 
considerable cornice growth. The 2008/2009 
snow season showed the same picture. Even 
towards the end of the snow season with air 
temperatures close or above 0° C and 24 hours 
of incoming solar radiation, cornice growth was 
measured in both years. 

Each cornice accretion storm added a new layer 
to the cornice mass, which gradually creeped 
downwards. Thereby the formation of roll 
cavities described by Paulcke and Welzenbach 
(1928) (“Hohlkehle”) and Montagne et al. (1968) 
was observed, which remained a zone of 
weakness within the cornice mass. Average 
hourly maximum wind speeds were as high as 6 
m/s throughout both snow seasons, though 
cornice scouring due to wind speeds was found 
to be of minor importance. Only two events of 
cornice scouring could be identified.  

On 7 March 2010 wind gusts up to 32 m/s were 
measured. In contrast to this, the second event 
on 9 March 2010 showed only hourly maximum 
wind speeds of less then 13 m/s from WNW 
which is opposite to the prevailing winter wind 
direction from SE. Both events reduced the 
cornice extent vertically and horizontally.  

4.2 Cornice cracking 

Creep and glide processes effect the entire 
cornice mass continuously. These processes 
lead to the development of tension fractures 
located between the cornice mass and the 
ridgeline bedrock, first also observed by 
(Montagne et al. 1968). In the 2008/2009 snow 
season the first cornice cracks were observed in 
mid April, while in 2009/2010 cornice cracks 
were already developing at the end of January, 
probably due to the persistent warm weather in 
combination with large amounts of rain. The 
observations in both snow seasons show that 
the initial cornice cracking is controlled by 
meteorology, while the consequent linear 
development displays the mayor influence of 
gravity. 

Additionally it was found that the formation of 
cornice cracks does not necessary lead to 
cornice failure and vice versa. Towards the end 
of the snow season with air temperatures close 
or above 0° C and 24 hours of incoming solar 
radiation few cornice failures were witnessed 
without previous crack development. This 
indicated a still brittle behavior of the cornices 
even though the surface snow layers were 
already saturated with water. 

4.3 Failure monitoring 

Between January 2009 and July 2010 177 
cornice failures have been recorded, whereof 11 
nearly reached housing infrastructure and were 
“D3-R3” and “D3-R4” avalanches according to 
the classification system of Greene et al. (2004). 
About 30% (52) were “D2-R1” or smaller 
failures, while “D2-R2” and “D2-R3” represented 
about 55% (91). Of 67 recorded cornice fall 
avalanches (≥ “D2-R3”) 55 failed in June due to 
temperatures above freezing and 24 hours of 
direct solar radiation. In spite of this, cornice fall 
avalanches were observed throughout the entire 
snow season. In addition we found that some of 
the avalanche size classes predominately failed 
in one or two of the defined five gullies, probably 
due to the morphology of the starting zone. 
Furthermore a timely development was found. 
Those gullies predominately producing the larger 
avalanches had a higher number of failures (all 
size classes) in the early part of the year. The 
amount of smaller failures grew considerable 
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towards the end of the snow season. Cornices 
are known to trigger avalanches when failing 
(Paulcke and Welzenbach 1928, Seligman 1936, 
McClung and Schaerer 2006, Eckerstorfer et al. 
2008, Tremper 2008, Eckerstorfer et al. 2009). 
However only 3 recorded avalanches triggered 
slab avalanches below, whereof only 2 entrained 
larger amounts of snow. Regardless, cornice fall 
avalanches endanger life and infrastructure in 
Longyearbyen. In several cornice avalanches, 
large pieces of the cornice broke off, stayed 
intact and reached the foot of the slope where 
the houses are situated (Figure 1). 

4.4 Geomorphological impact 

When tension cracks opened at their root, 
significant amounts of debris was frozen into the 
cornice mass. This debris was ripped off directly 
from the headwall, when the cornice cracking 
appeared, and gave a good indication that the 
cornice mass was frozen solid to the ground 
below. This processes were briefly described by 
Montagne et al. (1968). Especially after the 
onset of melt more sediment melted out off the 
exposed headwall and successively 
accumulated in the opening crevasse between 
rock wall and cornice body. Cornice falls then 
released the accumulated amounts of debris and 
redistributed it in addition to unconsolidated 
sediments on the slope below. The recorded 
cornice failures indicate that the debris content 
visible at the surface after failure was rising 
towards the end of the snow seasons when 
snow depth were shallow or even uncontinuous 
on the slope below. Annually cornice 
development, cracking and eventual failure 
eroded the plateau edge by removing sediments 
off the headwall. This led to the development of 
two eroded steps down from the plateau edge.  

5. DISCUSSION AND CONCLUSION 

This study represents the first intensive 
approach to the dynamics of cornice 
development, cracking and eventual failure 
along the Gruvefjellet plateau edge in the valley 
of Longyeardalen, Svalbard. Two automatic time 
lapse cameras were used to monitor cornices in 
the two consecutive snow seasons 2008/2009 
and 2009/2010. 45 field trips up the plateau 
have been carried out to observe the ongoing 
processes and to manually measure cornice 
crack opening rates.  

The observations indicate that cornices were 
built up within in a relatively short time after the 
first snow fall. Poor light conditions during polar 
light limit the visual observations. 

During the snow season 2009/2010 11 storms 
led to cornice accretion, 5 storms increased the 
cornice mass significantly. The observations of 
2008/2009 approved this picture. Scouring due 
to high wind speeds was found to be of minor 
importance. Only 2 storm events eroded cornice 
mass, whereof only one was temporary in 
excess of 25 m/s – the threshold value 
described by Montagne et al. (1968) and 
McClung and Schaerer (2006) necessary for 
scouring. 

Observations on cornice tension cracks 
suggested that the initial cracking is controlled 
by meteorology, while the successive opening is 
forced by gravity. This linear development was 
of special interest as other parameters in 
particular air temperature changed considerable 
during the measuring period without any effect. 
Even though the measurements of both snow 
seasons showed the same picture, more cornice 
crack measurement series are needed with a 
higher accuracy and temporal resolution to 
investigate the influence of meteorology for the 
initial cracking. Thereby the location of cornices 
along a plateau edge and the likelihood of 
cornice failure represent a natural limitation for 
the use of many measurement techniques. 
Additionally the finding of spontaneous failures 
without previous cracking displays a crucial 
factor in terms of avalanche forecasting. 

The geomorphological impact of cornice failures 
was investigated for the first time in the High 
Arctic. André (1990) described that avalanches 
in the High Arctic are not of major importance for 
sediment transport. Only dirty spring avalanches 
rework unconsolidated sediment on the slope 
blow. But in fact our study showed that cornices 
fall avalanches are significant sediment transport 
agents as they erode considerable amounts of 
debris off the plateau edges during the process 
of cracking. Successive cornice failures release 
these accumulated amounts of sediments and 
redistribute it on lower ground. Therefore cornice 
fall avalanches represent an important process 
in the formation of talus in the High Arctic. 
Additionally unconsolidated sediments derived 
from debris flows and other slope processes are 
reworked. Clearly the impact of sediment 
redistribution rose towards the end of the snow 
season when the snow cover at lower elevation 
became uncontinuous and cornice fall 
avalanches flowed over uncovered ground. 
Recurrent annually formation of cornices, 
cracking and sediment transport due to cornice 
fall avalanches led to the erosion of the plateau 
edge thereby the development of two 
sedimentary steps. These steps within the 
headwall need further investigation to clarify 
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their position and extent in relation to the 
particular cornice size. 

Between January 2009 and July 2010 177 
cornice failures have been recorded, whereof 11 
nearly reached housing infrastructure and were 
“D3-R3” and “D3-R4” avalanches according to 
the classification system of Greene et al. (2004). 
Only 3 cornice fall avalanches triggered slab 
avalanches below. However in the two adjacent 
areas the amount of cornice triggered slabs was 
remarkably higher. The morphology of the crest 
and general size of the gullies below may be of 
major importance. Another crucial factor for 
cornice triggered slabs may be the timing: 8 of 
the 11 largest avalanches observed failed in the 
early part of the snow season (February) or 
towards the very end in June. Consequently the 
majority of the largest avalanches failed in 
periods with a very shallow or even 
uncontinuous snow cover on the slope below. 
Even though the amount of cornice triggered 
slabs was low on the Gurvefjellet slope section, 
large cornice pieces of up to 3 m in diameter 
remained intact and reached the foot of the 
slope.  

Failure monitoring should be continued 
accompanied by meteorological observation to 
clearly identify conditions prone to cornice 
collapse, a crucial factor in avalanche 
forecasting. Especially this might be of 
importance when predicted downscaled climate 
models indicate more winter precipitation in the 
Longyearbyen region (Benestad et al. 2002). 
Larger amounts of precipitation may not only 
increase the snow depth on the slopes, but may 
also lead to an increase in cornice fall avalanche 
activity. 
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Figure 1: Overview of the NW facing slope of Gruvefjellet, with Nybyen situated below. Photo obtained 
by an automatic camera located in Sverdrupbyen in the valley Longyeardalen to monitor cornice 
development and cornice fall avalanches. Date: 02.06.2010.
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