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ABSTRACT: A fatal avalanche hit houses in the city of Longyearbyen early Saturday morning the 19th
of December 2015 after an extreme winter storm event. The avalanche destroyed 11 houses and trapped
more than 20 people inside demolished buildings. Nine of the trapped people were buried in the snow for
up to two hours before being rescued. A massive rescue operation was organized involving the police,
fire department, hospital and the local Red Cross. In addition to the organized rescuers, more than one
hundred volunteers from the community took part in the operation. The following paper presents a detailed account of how the massive rescue operation limited the losses to two fatalities and eight hospitalized, and additionally lessons learned from the rescue operation.
KEYWORDS: Avalanche accident, urban avalanche, rescue
1. INTRODUCTION
Svalbard is an archipelago in the Arctic Ocean
(Fig. 1) and is under Norwegian sovereignty. Svalbard sits north of mainland Norway, it is approximately halfway between Norway and the North
Pole. The largest island is Spitsbergen and in size
equal to Switzerland. Svalbard’s main settlement,
Longyearbyen, is located on the west side of
Spitsbergen at 78° North and 15° East. The town
is located in Longyeardalen (Longyear valley) and
on the shore of Adventfjorden. The valley is Ushaped, with plateau mountain topography on both
sides of the valley. The majority of the developed
area is in close proximity to, or in the lowland of
the mountain slopes. This is the northernmost
town in the world with a permanent civilian population, with a little over 2 000 inhabitants.
Svalbard has an Arctic climate moderated by the
warm North Atlantic Current. The area around
Longyearbyen is in the warmest and driest part of
Svalbard, with an annual precipitation of 200 mm
w.e. at sea level. The snow season typically extends from October to May (Eckerstorfer 2012).
Longyearbyen experiences polar night (24 hours
of total darkness) from the end of October to the
beginning of February.

Fig. 1: Norway and Svalbard on the globe (circle)
Map: Wikipedia
Avalanche hazards and accidents are well known
in the community. In the last 15 years there have
been several backcountry avalanche accidents
with fatalities (snowmobiling) during the winter
season. The town also has a history with avalanche accidents, in June 1953 two people were
killed and two houses destroyed in a slush avalanche coming down the side valley Vannledningsdalen. Afterwards protective ridges and snow
fences were constructed and a caterpillar is used
before the onset of snowmelt to create a deep
channel in order to drain meltwater in the valley.
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However in 1989 and 2012 slush avalanches released in Vannledningsdalen, the 2012 slide took
out a pedestrian overpass in the end of the Valley.
Cornice fall avalanches from the mountains are
another well-known avalanche hazard for the settlement (Eckerstorfer 2012).

2. THE AVALANCHE
During the night of December 18th through the
early morning hours of December 19th a full force
winter storm hit Longyearbyen from the East with
snowfall and heavy drifting snow. Heavy winds are
common for the area, but the combination of
heavy precipitation and wind was abnormal. The
storm was forecasted and the town had prepared
for strong winds but no special actions were taken
for increased avalanche danger. In the morning of
December 19th the wind had calmed down, but
the town was snowbound due to the heavy snowdrift during the night. Especially on the east side of
the town, parked cars were totally buried under
snowdrifts and people had to climb through windows on the first floor to get out of their homes
because the entrance door was blocked by snow.

In the period from January 2009 to January 2015
five people have died in backcountry avalanches
in Svalbard and with many other narrow escapes
(NGI.no, Varsom.no). Despite the history of avalanche accidents in the backcountry and known
avalanche hazards around no avalanche warning
system has ever been established. After an accident in January 2015 (one snowmobiler died in the
backcountry close to Longyearbyen) Norwegian
Water Resources and Energy Directorate (NVE)
initiated together with the University Centre in
Svalbard (UNIS) a test period to establish an avalanche warning system for backcountry traveling.
This system follows the same avalanche warning
program as on the Norwegian mainland. This was
prolonged for the winter 2016 with a planned start
in February.

Fig. 3: The avalanche seen from the town center.

At 10:23 A.M. December 19th a large avalanche
initiated in the slope below the mountain Sukkertoppen at 125 m.a.s.l. (Fig. 2, Fig. 3). The avalanche was a slab type avalanche with a crown
height varying 1.5 - 4 meters. During the storm,
snow accumulated on the leeward side of the
ridge toward the settlement. The start zone was
200 meters wide and approximately 5,000 tons of
snow avalanched down the mountain side and
totally destroyed eleven homes.
The houses were displaced between one and 80
meters down the slope (Fig. 4, Fig. 5, Fig. 6). Other damage included several cars and snowmobiles
which were also destroyed by the snow. At the
time of the avalanche nine of the houses were occupied, in total 25 people. Of those 25 people, 16
were able to get out of the avalanche on their own
or assisted by their neighbors. 9 people were
missing and buried in the snow and house debris,
of them seven people were rescued by locals and
the rescue team, including three children. The bur-

Fig. 2: Longyearbyen street map with accident
site.
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Some fact about damages on buildings and the
debris:

ial time for the survivors ranged from 30 minutes
to two hours. The two victims that did not survive
were dug out after two and three hours.

•

•
•

Fig. 4: Location of houses before the avalanche.

•

The debris snow was easy-to-excavate,
soft slab snow. The size of the blocks in
the debris area was up to backpack size.
Intermixed with the debris were parts of
building structures, clothes, shoes, cars,
snow mobiles and sleds.
The Alpha angle was 16 degrees and the
vertical drop to the fracture line was 85
meters.
The houses in Longyearbyen are built on
piles because of the permafrost. The fundaments of piles were cut when the avalanche hit the houses and the houses slid
on the snow as "toboggans". This has
probably contributed to most of the houses
staying mostly intact. Although some parts
of buildings and walls were destroyed, the
devastation could have been much worse
if the entire structures did not slide down.
The houses are built of wood (no concrete
or iron girder in the buildings).
Some rooms were completely filled with
snow and annexes were crashed and partially or completely covered with debris
snow.

3. RESCUE OPERATION
Survivors and neighbors began the rescue operation after the avalanche stopped. The weather was
good, but due to the polar night the operation was
undertaken in complete darkness. The police arrived a few minutes after the avalanche. All available rescue resources in Longyearbyen were
mobilized and started to arrive at the scene within
10 to 15 minutes. The accident scene was close to
the town center and therefore the rescue units had
a short travel time (Fig. 2). The local hospital is
only 200 meters from the scene. The Community
Council initiated the local emergency plan and
started to establish evacuee- and family / friends
center. The rescue operation was coordinated
through the rescue sub center in Longyearbyen
(The Governor of Svalbard) and an on scene
commander from the police. The capacity at the
local hospital is limited (the hospital has only five
beds, GP service and one operating theatre for
“damage-control” surgery in major trauma) and
reliant on transport of patient by fix wing ambulances to the mainland for primary and critical
care, flight time to Northern Norway is close to two
hours. In addition to the organized rescue (police,
fire department, medical personnel and Red
Cross) more than 150 volunteers participated in

Fig. 5: Location of houses after the avalanche.

Fig. 6: Avalanche and accident site from the air.
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the search and rescue. Many of the volunteers
were notified through a message on a local Facebook group.

leader you need to take one step back to get the
overview of the situation, distance to the ongoing
actions is necessary for ultimate coordination of
the operation.

Additional rescue crews, medical personnel and
equipment were sent up to Svalbard with four fixed
wing ambulances and one commercial aircraft
from Tromsø. They arrived during the afternoon of
December 19th in Longyearbyen. Initially there
was some uncertainty regarding how many people
were missing in the avalanche. The last assumed
missing person was excavated 13:36 in the afternoon, three hours after the avalanche. The additional rescue resources started a secondary
search with avalanche dogs and personnel in the
afternoon to be sure that the scene was properly
surveyed. The accident site was also closed off at
this time. This search was terminated at noon on
Sunday December 20th.
During the rescue operation in the morning it was
decided to evaluate the avalanche danger for the
rest of the town. This resulted in the evacuation of
225 people from 47 houses (Fig.2). This operation
started at 12:46 in the afternoon simultaneously
with the avalanche rescue operation

Fig. 7: Many volunteers participated in the rescue.

The high number of volunteers is a resource when
it is used well, but this indicates multi-level leadership through the whole rescue operation. We experienced that the avalanche rescue competence
among the members in the Red Cross avalanche
group was best used as leaders for the volunteers,
instead of shoveling, they were leaders for the different teams put together of volunteers.

4. WHAT DID WE LEARN?
Avalanches in an urban environment are a type of
rescue operation that the local rescue teams didn’t
have any experience or training in. Many of the
rescuers are trained or have experience from
search and rescue in backcountry avalanches.
Since many of the earlier backcountry accidents
happened close to town, the management of high
numbers of volunteers arriving and participating in
the rescue is not unusual.

The weather and the visibility on the scene were
good and the risk of a subsequent avalanche on
the accident site was considered to be unlikely,
therefore rescuers were allowed to enter without
an avalanche beacon. The police established a
command post on the easterly corner of the debris
area, but due to all of the collapsed buildings this
post did not have a full view of the ongoing activities. This post had communication with the rescue
sub center. Communication between the post and
the sub-commanders and rescuers was carried
out by radio or messenger.

Both authors of this paper were directly involved in
leading and directing the rescue and the many
volunteers on the accident site, as sub commanders (police and Red Cross avalanche rescue
group). An urban avalanche with many volunteers
and professional rescuers divides from a backcountry accident with few rescuers and volunteers.

Fire fighters and construction workers from a local
company on the site evaluated the risk for collapse
in buildings before rescuers entered houses. The
danger of collapsing structures was considered a
high risk for only some of the houses. Only a few
rescuers with personal protection equipment were
allowed to enter these houses.

The high numbers of volunteers need leadership
and direction otherwise the scene could be chaotic
and over-complex (Fig. 7). In a backcountry accident it is often easy to have a panorama view of
the site and the rescue, in an urban avalanche,
this is not the situation. One of the main challenges for the leaders of the rescue on scene is not to
get to involved in details, they need to focus on the
big picture and search strategy. This could be frustrating, because as a rescuer you want to participate in the search and excavation of victims. As a

Search strategy in an urban environment divides
from search strategy used in the backcountry. Because the houses were relocated and wrecked it
was difficult to know where missing people could
be located. There were many items in the snow
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and those items did not give any good indications
regarding where to find people (Fig. 8).

Due to heavy building materials / structures (walls,
beams, planks, etc.) in the avalanche, there was a
need to cut wood (Fig. 9). There were three chainsaws in use, these were operated by firefighters.
Chainsaws must be used with caution, as there is
danger of hitting victims in the snow below the obstructions, and may also pose a danger to the
crews who work nearby, or cause the collapse of
structures. Hand saws, and small folding saws
could be an appropriate tool to cut smaller pieces
of wood.
We had three different excavation scenarios:
1. Excavation inside rooms
2. Excavation in the open on flat ground and
upslope between the houses
3. Excavation in partially collapsed structures
Traditionally, there are two main methods for excavation; V- method and Strategic shoveling (Kjetil
Bratlien, 2015) many of the principles in the methods are similar. The main goal is to move snow
most effectively and efficiently during an excavation and the organization of the team with rotation.
In the rescue these methods had to be improvised.
For scenario 2 an improvised V-method was utilized, with two V-formations working side-by-side.
For Scenarios 1 and 3 a combination of both
methods was used.

Fig. 8: Many items in the snow.
Based on information from neighbors and residents, the primary search area was established.
This considered which houses to search and
which rooms people stayed in when the avalanche
hit. This information allowed the rescue resources
to go to the right places to save lives. This shows
how important it is to receive this information immediately. If this is not possible, the search leader
has to establish a system to ensure a systematic
rescue throughout all buildings. Street maps from
the fire department were used to confirm which
houses were involved. Probing is often useless
for victims buried in collapsed buildings, therefore
excavation teams were sent directly to the search
area and started digging for victims.

When digging is used to search (excavate a hole)
before the victim is located it is important to have a
start plan and pick a deposit area for the snow that
is removed. It is important not to transport the
snow into an area that has not been searched. We
experienced that it was difficult to rotate the diggers in the group, because of long chains of diggers and limited space (Fig. 10). When people
tired, the leader of the group changed people directly in and out of the chain. The leader of each
digging team was standing on the side and directed the diggers. Many of the teams were a mix
of trained rescuers and volunteers. When the diggers found the first sign of the victim in the snow,
professional rescuers or medical personnel should
be ready to step in and take over the rescue to
ensure correct extraction and first aid. It was
learned that when many volunteers arrived during
the rescue operation, trained rescuers should be
used as instructors to train people in effective
shoveling before they are sent into the accident
scene.

Fig. 9: Heavy structures in the debris.
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External factors

Description

Weather

The weather was good

Avalanche risk

Safe to do rescue on the
scene

Time of the day

Inhabitants were home

Building construction

Houses built on piles

Human resources

Many people in town, due
to canceled flight the day
before. (many people was
leaving for Christmas holiday)

Short travel time to scene

Happened in the town
center

Fig. 10: Excavation team in work.
5. CONCLUSION
We have tried to identify which factors had positive
influence on the result of the rescue operation
(Tbl. 1). External factors we cannot control, it is a
question about contingency, e.g. the weather. Internal factors we can control, e.g. training, enough
rescue equipment.

The outcome of the rescue operation is a combination of the external and internal factors. After the
avalanche the weather was advantageous for the
rescue operation. Stormy weather would have
been slowing down the rescue operation. The time
of the day was crucial, people was still in their
houses in the morning, later they would have been
outside shoveling snow and kids playing in the
streets. If the avalanche have hit during the night,
the response time would most likely have been
slow, the high numbers of volunteers would not
been the same and the safety for the rescuers
would have been a challenge since the wind force
and snowdrift was on the heaviest during night.
The inhabitants of Longyearbyen live and do their
activities daily in a rough environment and therefore many of them have the basic equipment to do
rescue in an avalanche in totally darkness. Most of
the volunteers arrived the site with an avalanche
shovel and a headlamp, the most important rescue
equipment was available from the start.

Tbl1. Internal and External factors with influence
on the result of the rescue operation
Internal factors

Description

Quick response from the
community

The community has a tradition for spirit of voluntary
communal work

High emergency prepares
among people

Many of the inhabitants
have the knowhow and
equipment for avalanche
rescue

Organized rescue well
prepared for handling crises

Training and experience
from operations under
extreme conditions

Co-training

Rescue units train on cooperation and know each
other

Leadership

Professional leadership
and multi-level leadership
on the scene

Enough rescue equipment

Shovels and light equipment arrived from the start

Primary search area

Quickly decided from information from neighbors

Search strategy in an urban avalanche is not only
based on the understanding of terrain and the
physics in an avalanche, but more important is
which homes were occupied and which rooms did
people stay when the avalanche hit the house. We
experienced that conventional search strategies
like surface and beacon search and probing was
not usable among houses. Crucial was the information from neighbors and residents regarding
missing people, and location of houses, this was
the highest priority for the commander and subcommanders on the scene in the beginning.
Urban avalanches require additional rescue
equipment, saws to cut through constructions,
personal protection equipment for the rescuers
(helmet, gloves, and protective footwear) and
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knowledge about constructions and how to evaluate the risk of collapse in buildings.
A large number of untrained volunteers are an important resource in a small community and in the
beginning of the rescue operation. This is also a
challenge, volunteers need to be fit for the task
their health and safety must be a priority as well. If
possible rescuers with background from avalanche
rescue should use time to give an introduction /
instruction in excavation technique before people
take part in the rescue. Professional leadership
together with multi- level leadership and good
communication is needed in the operation to direct
rescuers and the high number of volunteers.
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