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1 Introduction

This report describes the results of a project carried out by the Icelandic Meteorological Office
(IMO) with the aim to evaluate avalanche, debris flow and rockfall hazard in Seydisfjordur. The
result is a hazard zoning proposal for Seydisfjorour based on the current Icelandic hazard zoning
regulation.

Similar reports have been published for Neskaupstadur and Siglufjérour where new hazard
maps have recently been issued (Thorsteinn Arnetid$. 2001a,b,c).

1.1 Work process

The main participants in this project were Thorsteinn Arnalds, Témas Jéhannesson, Esther H.
Jensen and Kristjan Agustsson (IMO), Siegfried Sauermoser (Austrian Foresttechnical Service in
Avalanche and Torrent Control, WLV) and Thomas Sonser (Ingenieurbiiro fir Naturraum-analyse
und Naturgefahren-management, INN).

Other employees of the IMO contributed to the work. Preparation of climatic data and analysis
of weather preceding avalanche cycles was carried out by Sigrin Karlsdéttir and Théranna Péls-
dottir. Leah Tracy and Hordur bPor Sigurdsson drew maps for the report. The local snow observer
in Seyadisfjordur, Emil Tomasson, participated in parts of the work.

Halldor Pétursson, Icelandic Institute of Natural History (Natturufraedistofnun), and Thorsteinn
Seemundsson, IMO, compiled debris flow chronicles.

Work on the project started formally in the winter 1999/2000 at the IMO with the collection of
basis data. The work within the project was also founded on the field work and analysis carried
out within the projecPilot hazard zoning for Seydisfjoro(iilraunahaettumat fyrir Seydisfjord)
(Thorsteinn Arnalds, 2001).

Additional field work on the south side of the fjord was carried out in the summer of 2000.
On 24-28 June Thorsteinn, Esther, Siegfried, Thomas and Kristjan visited Seydisfjorour. The
fieldwork was split into three parts; i) analysis of avalanche conditions in the southern part of
Seyaisfjordur, ii) investigation of debris flow, torrent and rock fall hazard in the southern part of
Seyaisfjorour focusing on two paths and iii) a discussion within the group on how to integrate the
landslide hazard into a final hazard map. Thorsteinn, Siegfried and Kristjan worked on part i),
Esther and Thomas on part ii) and the whole group on part iii).

The scope and extent of the inspection of avalanche conditions was defined to be an examina-
tion of relevant areas in the field, review of avalanche chronicles and climatic information and to
describe the following:

a) Topographic conditions.e. the topography of the starting zone, track and runout area.

b) Climatic conditionswvould be dealt with mostly on a regional basis, but locally the ef-
fect of the regional climate on snow accumulation in starting areas would be discussed.



c) AssessmentThe group would give its general opinion of the avalanche hazard in a
particular path. This would be done by quantifying the size of the starting areas and
their relative frequency with respect to other paths.

These descriptions formed the basis of the final report for the project.

The debris flow work group applied a process orientated Austrian Method for assessing the
hazard in the south part of the village. Their work was concluded with a separate report (Esther
H. Jensen and Thomas Sonser, 2002). This work was extended to other paths in Seydisfjérour and
integrated into the final hazard zoning by the staff of the IMO. Section 4.5 discusses this work. A
part of that work was a field trip to Seydisfjorour on 11 November 2001 by Esther, Hordur and
Témas.

A regulation on avalanche and debris flow hazard zoning was issued in July 2000 (The Min-
istry for the Environment, 2000). According to the regulation a hazard zoning committee was to be
formed for communities where avalanche and debris flow hazard should be evaluated. The com-
mittee consists of two representatives from the local government and two for the Ministry for the
Environment. A hazard zoning committee for the community of Seydisfjorour was established in
February 2001.

The hazard zoning committee for Seydisfjorour held its first meeting on 10 April 2001. At that
meeting the IMO presented its work and some preliminary findings. A rough plan was laid out for
the completion of the hazard map.

To strengthen the basis of the hazard zoning, two-dimensional model calculations were carried
out by Advanced Simulation Technologies (AVL) of Graz, Austria (Témas Johannessan
2002).

Weather preceding avalanche cycles in Seydisfjordur was analysed by Sigran Karlsdaéttir (2002).

A decision was made to base the hazard zoning on the north side of Seydisfjérour mostly on
investigations that were carried out in 1997 and 1998 by experts from the Norwegian Geotechnical
Institute, the Austrian Foresttechnical Service for Avalanche and Torrent Control (WLV) and the
IMO (Thorsteinn Arnalds, 2001).

Based on the background data described above the hazard zones were delineated. The delin-
eation was done by Thorsteinn and Tomas with Esther and Kristjan participating in parts of the
task. As a part of the finalisation of the hazard zoning Esther, Thorsteinn and Témas made a field
trip to Seyaisfjorour on 18-19 January 2002. They were accompanied by the local snow observer
Emil Tomasson.

1.2 Organisation of the report
On the northern side of Seydisfjordur the investigated area reaches from Nautabas in the east to the

west of Skagi. On the southern part the investigated area reaches from Imslandsgil in the east and
to west of Ytri-Hadegisa. The investigated area is shown on Map 1.

The report is split into four main sections. The first part contains an overview of topographic
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and climatic conditions, a summarised avalanche chronicle, a review of previous hazard maps
and a brief discussion of debris flow hazard for the northern part of Seydisfjordur. The two next
sections deal with the northern and southern parts of Seydisfjordur. For these areas the following
is described:

Topographic conditions: Physical characteristics of the starting zone, track, and runout area.
Assessment:Discussion of avalanche conditions and qualitative hazard analysis.

Model estimates: Model results that are the basis of the hazard zoning. For explanations of tech-
nical concepts and notation, refer to Appendix A.

Conclusion: Hazard evaluation and a proposed hazard zoning.

The discussion of the southern part is split into five subsections. The first four discuss the avalanche
situation. The fifth discusses debris flow, rockfall, slushflow and torrent hazard.

Finally a short conclusion is given on the overall results of the project.

1.3 Methodologies and regulations

The hazard zoning presented in this report is based on Icelandic hazard zoning regulations that
were issued in July 2000 after having been under development for several years. A summary of
these regulations is included below.

Hazard zoning in Iceland has since 1995 been based on individual risk which is the yearly
probability that a person living at a given place will be killed by an avalanche. The definition
of hazard zones is based on tbeal risk defined as the annual probability of being killed given
that a person is staying all the time in an unreinforced house. athel riskcan be found by
taking into account the probability of the person being present in a house when an avalanche
hits and the increased safety obtained by reinforcing houses. Increased safety by evacuations
and other non-permanent safety measures are not taken into account in the hazard zoning. The
authorities in Iceland have adopted the vale- 10~* per year as an accepted actual risk for
avalanche hazard zoning (The Ministry for the Environment, 1997). This value corresponds to
different values of the local risk for different types of constructions depending on the fraction of
time people may be expected to spend in the buildings (typical values are assumed to be 75%
in domestic houses, and 40% in commercial buildings). The regulations on hazard zoning (The
Ministry for the Environment, 2000) defines three types of hazard zones, see Table 1.

These guidelines for zoning are tailored to attain the acceptable risk lewel-d)—* per year
in residences when presence probability and increased safety provided by reinforcements have
been taken into account. The risk in industrial buildings is probably somewhat higher.

The methodology used here to estimate avalanche risk in parts of Seydisfjérour was developed
at the University of Iceland and the Icelandic Meteorological Office in the period 1995-1998. The
methods are described by Kristjan Jonassbal. (1999).
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Table 1. Icelandic hazard zone definitions

Zone | Lower level of | Upper level of| Construction allowed
local risk local risk
C 3107 yr — No new buildings, except for summer
houses, and buildings where people are sgl-
dom present.

B 1-107*yr 3-1074yr Industrial buildings may be built without re
inforcements. Domestic houses have to| be
reinforced. Existing hospitals, schoadc.
can be enlarged and then have to be rein-
forced.
A 0.3-10~*/yr 1-10~*yr Houses where large gatherings are expedted,
such as schools, hospitatc, have to be ret
inforced.

*If the risk is less than - 10~ per year.

The methodology for hazard zoning with regard to debris flows and rockfall is described by
Tomas Johannesson and Kristjan Agustsson (2002) and summarised in Section 4.5.1.

This discussion is concluded by quoting 810 of the Icelandic regulations on how to proceed
where formal risk calculation is impossible: “In areas, where it is not possible to estimate the risk
formally due to insufficient information, a hazard map shall nevertheless be prepared according
to 812 [812 describes the risk zones of a hazard map]. In the preparation of the map an attempt
should be made to estimate risk.”

1.4 Uncertainty

The estimation of avalanche risk is difficultin many areas. This is especially the case when dealing
with a slope that from the topographical point of view has the characteristics of an avalanche path,
but where no avalanches have been recorded. Accurate records of avalanches have only been kept
for a few years or decades in many areas and the settlement may be quite recent. In such a situation,
it is almost impossible to rule out the possibility that an avalanche hitting the settlement might be
released from the slope. An attempt must then be made to strike a compromise that balances the
lack of recorded avalanches and the possibility of avalanche release.

Another problem that must be addressed is the estimation of avalanche hazard in non-typical
or low avalanche tracks. The available data about Icelandic avalanches was mostly collected from
hills between 500 and 800 m high with large starting areas. The runout potential of avalanches from
smaller slopes, both with a lower fall height and smaller starting areas, is not as well investigated.

While delimiting the hazard zones, an attempt has been made to classify the uncertainty in
each area by dividing the uncertainty into three classes according to the level of uncertainty in the
area. An uncertainty of means that the estimation could be wrong by half a hazard zenéhe



hazard lines may misalign by approximatélyf a hazard zone. Since the risk varies by a factor

of 3 between the risk lines of the hazard map, the risk may be over- or underestimated by factor of
V/3. Similarly, classes 1 and 2 certainty mean that the zoning could be wrong by 1 and 2 zones in
either direction, respectively, meaning that the risk could be over- or underestimated by factor of 3
or 3? respectively. Considering the “nominal” nature of avalanche risk estimates, it is not possible
to attach a given significance level in a statistical sense to these uncertainty indicators. They are
intended to mean that the work group considers it “unlikely” that the risk is over- or underestimated
by the indicated uncertainty, but the meaning of “unlikely” is not further quantified.

The three chosen classes of uncertainty and their characteristics are:

Records of avalanches are available and the avalanche path is large and typical.

[

=

Some records of avalanches are available and the avalanche path is small or atypical.

N

No records of avalanches are available, but the topography indicates avalanche hazard.

The uncertainty of hazard zoning in areas where protective measures have been built will prob-
ably be inclass 1 or 2.



2 General

2.1 Topographic description

The village Seyadisfjordur is located at the head of the fjord Seydisfjordur, see Map 1 and Figure 1.
The general direction of the fjord is ENE-WSW but the innermost part is directed NNE-SSW. By
local convention the opposite sides of the fjord and the community are referred to as the south and
north side irrespective of the actual compass directions. Similarily the directions along the fjord
are referred to as east and west. This report adopts the local convention.

The mountain Bjolfur is to the north of the settlement. The summit of Bjolfur is Bjolfstindur
reaching 1080 m a.s.l. Below Bjdlfstindur and above the small peninsula Fjardaralda there is about
a 200m wide shelf at about 650m a.s.l. The edge of the shelf is Brun or Bjélfsbrin. Below
Brun there is a small bowl called Kalfabotn and below Kalfabotn there is a small gully, Hlaupgja.
The gully Falkagil is in the lower part of the slope above the innermost part of the settlement,
Bakkahverfi. To the west of that there is a larger gully called Jokugil.

The mountainside south of Seydisfjordur is characterised by varied terrain including three
summits, large depressions, gullies, and cliffs. The outermost summit is Strandartindur. Next
to Strandartindur is Midtindur (also named Dagmalatindur or Litlitindur) and the third summit is
Innri-Strandartindur. The hillside in the outer part of Strandartindur is steep in the upper part and
a large part of it has an inclination greater thari.3®ections of Strandartindur are marked by
shallow gullies with small brooks running through them. On the outer base of Strandartindur there
is a relatively flat area named Po6fi where the inclination of the hillside is abdutriaverage.
Between Strandartindur and Midtindur the inclination varies due to cliffs and shelves. The most
distinctive shelves are called Efri-Botnar located at an elevation higher than 450 m a.s.l. West of
poéfi at 200-350m a.s.| the surface is covered with sediments marked mainly by three large and
rapidly eroding gullies carved in the Strandartindur mountainside. Through these gullies run the
small brooks Skuldarleekur and Stédvarleekur and the river Budara. To the west of the three gullies
below Midtindur there is another flat area named Nedri-Botnar. Most of the houses in the southern
part of the settlement in Seydisfjorour are below Nedri-Botnar. The hillside between Midtindur
and the area above Efri-Botnar is similar to the outer area between the Efri- and Nedri-Botnar.
Below the outer part of Nedri-Botnar, cliffs rise continuously above the housing area to a large gap
in the cliffs below the Nedri-Botnar called Nautaklauf. Below the inner side of Nedri-Botnar, the
cliffs stop though the hillside remains steep. Many houses in the southern part of Seydisfjérour are
below this steep hillside. To the west of Botnabrun is the brook Dagmalaleekur. The lower part of
the slope to the west is Grakambur. Through Grakambur falls the river Hadegisé or Ytri-Hadegisa.

According to the book of settlement the first settler in Seydisfjordur was Bjélfur. He prob-
ably built his house at or around the present location of the farm Fjorour. Most of the land in
Seyoaisfjordur is believed to have been settled by the year 1000. In the middle of the nineteenth
century some trading business was started in Seydisfjorour. Around 1870 small villages started to
form around the traders. This development was mostly connected to herring fisheries managed by
Norwegians. The majority of the houses that are within the boundaries of the current settlement
were located in Fjardaralda and Budareyri. In addition to these, there were two small villages in
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Vestdalseyri and Eyrar that have now been abandoned. Around the middle of the twentieth century
houses had been built along most of the shoreline north and south of the fjord and in the valley
along Fjardara. After that the settlement started to develop up the mountainside and along the bot-
tom of the valley. The most recently built houses are located in Bakkahverfi and around Botnahlid.
These houses are mostly built in the period 1975-1985.

The names of houses in Seydisfjordur, and the year which they were built have been docu-
mented in detail by Harpa Grimsdéttir (1997).

2.2 Chronicle

Maps 2—-4 show recorded avalanches and slushflows in Seydisfjorour. Avalanches recorded during
the current winter, 2001/2002, are neither included on the map nor in the avalanche lists for the
investigated areas.

The avalanche chronicle of Seydisfjordur dates back to 1882 when slushflows are recorded at
several locations below Bjolfur. The slides caused various damages and one of them killed two
children.

In February 1885 there was a large avalanche cycle in eastern Iceland. It was preceded by
continuous snowfall for several weeks with winds from east and northeast. During this cycle
several avalanches in Seydisfjorour caused damage. On 18 February a large avalanche started in
Bjolfur. The exact location is not known but it is said to have extended from Jokugil to the east of
Hlaupgja. A total of 86 people got buried by the avalanche and of those 24 were killed. No other
avalanche in Iceland is known, with certainty, to have caused more fatalities.

In February 1904 slushflows fell in both Bjélfur and Strandartindur damaging houses and boats.

In 1912 several wet avalanches started in Bjélfur. One of the avalanches damaged a warehouse
belonging to the trading company Framtidin. It also damaged boats and a sheepshed killing 17
sheep.

In February 1914 an avalanche fell from Bjélfur and damaged a domestic house and a stable
by Fornistekkur.

At the end of March 1967 an avalanche fell from Bjolfur above Nautabds. It damaged a fish
meal storage house belonging to Hafsild. Part of the house and merchandise in the house was
transported out to the sea.

In 1975 an avalanche from Bj6lfur broke down about a 20 m long part of a wall of the Hafsild
factory. The roof of the house mostly collapsed.

In 1993 an avalanche damaged the meal storage house of Hafsild.

In March 1995 an avalanche fell in Bjolfur and hit the fish meal factory of Hafsild. The meal
storage house was destroyed and the factory house was partly damaged and filled by snow. Eleven
people narrowly escaped.

Before 1995 systematic records were not kept on avalanches in Seydisfjordur. Existing records
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are therefore probably quite incomplete before this time, and mostly damage causing avalanches
are recorded. The position of snow observer for Seydisfjorour was established at the IMO in 1995.

The snow observer is responsible for keeping records of avalanches. This means that after 1995
most avalanches falling close to the settlement have been recorded and measured when possible.

An avalanche chronicle for Seydisfjordur was compiled at the IMO by Kristjan Aglstsson
(1988, 2002).

A debris flow chronicle for Seydisfjordur was compiled by Halldér G. Pétursson and Thorsteinn
Saeemundsson (1998). Esther H. Jensen and Thomas Sonser (2001) summarise the chronicle.

2.3 Previous hazard assessments

In January 1975 Gunnlaugur Jonasson (1975) compiled a list of avalanches in Seydisfjoréur. He
made an assessment of the hazard and drew a corresponding map.

In 1975 the Icelandic Civil Defence hired M. R. de Quervain from the Swiss Avalanche Institute
(SLF) to assess the avalanche hazard in Siglufjordur, Seydisfjorour and Neskaupstadur (SLF, 1975)
following the catastrophic avalanche accidents in Neskaupstadur in 1974. He analysed the hazard
situation and discussed possible measures to increase the safety of people.

The first law concerning avalanches and debris flows was issued in 1985. 83 of the law states:
“Hazard assessment shall be performed in communities where avalanches and debris flows have
fallen into the settlement or close to it. The hazard assessment shall both cover settled areas, as
well as areas where settlement is planned. The hazard assessment shall be taken into consideration
in the entire planning process and shall be attached to planning proposals.” In 83 of the laws the
Icelandic Civil Defence is made responsible for specifying further guidelines and regulations on
hazard zoning, classification of hazard zones and the construction of defence structures. It was
also given the role of supervising the preparation of hazard maps.

In regulation 247/1988 on hazard zoning it was specified that a particular physical model should
be used for hazard zoning and guidelines on how to apply it were given. The model was developed
by Thorsteinn J6hannesson at Verkfraedistofa Siglufjardar sf. (VS, 1986). In the next few years
hazard zoning was done in several villages by independent consultants, supervised by the Icelandic
Civil Defense.

Thorsteinn J6hannesson at Verkfraedistofa Siglufjardar (VS) prepared a hazard map for Seydis-
fijorour based on the regulation from 1988 (VS, 1989). The hazard map showed delineation be-
tween a hazard area and a “safe” area as the regulation required, see Map 5. Based on the proposal
of VS the first official hazard map for Seydisfjorour was approved by the Minister of Social Affairs
in October 1991. According to the map only a few of the domestic houses in Seydisfjorour were
within the hazard zone.

In 1992 VS together with Verkfraedistofa Austurlands (VA) proposed a catching dam to protect
against avalanches in the harbour area of Seydisfjordur (VS and VA, 1992).

In 1996 the Icelandic Meteorological Office made plans for emergency evacuations of several
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communities in Iceland. The plans included a division of the communities into evacuation zones
and description of the conditions in which zones should be evacuated. Such a plan was made
for Seydisfjorour (IMO, 1996) and revised in 1997. According to the plan a large part of the
settled area in Seydisfjordur is a part of evacuation zones that need to be evacuated under extreme
conditions. The evacuation plan laid out by the IMO was partly based on a plan made by the local
authorities.

In 1996 the IMO became responsible for avalanche hazard zoning. The first hazard zoning
project wasPilot hazard zoning for Seydisfjéroyiilraunahaettumat fyrir Seydisfjord). It was
intended to present a comparison between the result of Icelandic versus Austrian and Norwegian
hazard zoning methods and regulations. Three separate groups of experts delineated hazard zones
in the northern part of Seydisfjérour based on Icelandic (Kristjan Jonasson and Thorsteinn Arnalds,
1997), Norwegian (NGI, 1997) and Austrian (WLV, 1997) regulations and methods. The results
indicate that the Icelandic regulations are somewhat stricter than the Norwegian and Austrian reg-
ulations. Based on that assumption the three groups combined their findings. The resulting hazard
map indicated that almost all of the settlement in the northern part of Seydisfjordur is within a
hazard zone (Thorsteinn Arnalds, 2001).

A protection plan for the northern part of Seydisfjorour was laid out in 1998 by VA in cooper-
ation with the Norwegian Geotechnical Institute (NGI) (VA and NGI, 1998). The plan included a
combination of deflecting and catching dams.

In 2001 Stefan Margreth from the SLF investigated the possibility to build supporting structures
in the starting zone of Kalfabotn (SLF, 2001). The main result was that the construction of such
structures in the area is not feasible. This is due to very large snow depths, difficult geotechnical
conditions and the danger that avalanches released from the upper starting zones in Bjélfstindur
might flow over the structures and destroy them. Even if a catching dam was to be built on the
shelf at Brun such overflow could not be ruled out. Margreth concluded that the topography of
the avalanche path from Bjolfstindur, over the shelf at Bran and through Kélfabotn and Hlaupgja
was typical for several avalanche paths in the Alps that released extreme avalanches during the
catastrophic winter 1998/1999. In most winters small and moderately large avalanches in such
paths terminate on the shelf, but in an extreme situation large avalanches are able to traverse the
plateau and release or entrain significant additional snow mass from the steep slopes below.

2.4 Climatic conditions

Several meteorological parameters were recorded in Seydisfjordur in 1906-1953. Observations
started again in 1957 and since then a climatic observation station has been operated in Seydis-
fjorour. In the years 1994 and 1995 automatic weather stations were set up in Seydisfjordur, Nes-
kaupstadur, Dalatangi, Gagnheidi, Fjardarheidi and Oddsskard. Synoptic observations have been
carried out at Dalatangi since 1938. The observations from these stations are used to analyse the
climatic conditions in Seydisfjorour. The locations of the stations is shown in Figure 1.

Appendix C shows several tables and figures that summarise the available climatic informa-
tion. These include average, maximum and minimum temperature, average and maximum wind
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speed, and maximum gusts in the period 1997-2001. The same information plus average precipi-
tation, maximum monthly precipitation and maximum daily precipitation is given for the manual
observation sites of Seydisfjordur, Dalatangi and Neskaupstadur in 1971-2000. It should be noted
that observations were carried out continuously during the period at Dalatangi, several months of
observations are missing in Seyadisfjorour and observations in Neskaupstadur were started in 1975.
The monthly precipitation, and maximum 24 hour accumulated precipitation is shown for the man-
ual observations in Seydisfjérour. Some figures show the frequency of wind directions and wind
directions with precipitation in Seydisfjorour and the frequency of wind directions at Gagnheidi,
Oddsskard and Fjardarheidi when there is precipitation and the temperature is les$CGhan 1
Dalatangi during the winter months. Since information on snow depth in Seydisfjordur is incom-
plete, the average snowcover in the mountains (at more than 600 m a.s.l.) and in the lowland is
found both for the whole year and the winter months, November through April. These observations
give an indication on the snowcover in each year.

The average temperature in Seydisfjorour is about@which is comparable to Dalatangi
but about half a degree lower than in Neskaupstadur. In Seydisfjorour the difference between
seasons is larger than at the other stations and it is colder there during the winter. The minimum
observed temperature is approximately8°C and the maximum temperature about@8The
temperature gradient is about Oper 100 m when comparing to Gagnheidi and Fjardarheidi but a
little less or 0.6 per 100 m when comparing to Oddsskard. This is due to Oddsskard being further
south and closer to the sea. Precipitation has been measured in Seydisfjorour since 1935 with
a gap during 1953-1956. The annual precipitation is about 1600 mm on average at the manual
observation site. The automatic observations give about 20% less, 1300 mm on average. The
difference is mainly caused by measurement techniques and different locations. Precipitation is
a very local phenomena and the measurement equipment is sensitive to the weather, especially
frost and high windspeeds. The maximum yearly precipitation recorded was 2495 mm in 1974
and 2437 mm in 1972. These were the only years when the yearly precipitation was exceeded
2000 mm. The minimum yearly precipitation was 1023mm in 1967. A monthly precipitation
of more than 500 mm has been recorded several times and the maximum daily precipitation was
140.6 mm in February 1974. A daily precipitation of more than 100 mm has been recorded in
almost every month of the year.

Wind directions are always affected by the local topography. In Seydisfjordur this causes winds
from the west and east-northeast to be dominating. During the winter the east-northeasterly winds
are more frequent and are directed a little more towards the north than in the summer. The east-
northeasterly winds are usually the strongest. The average windspeed at the automatic station in
Seyoaisfjordur is 4.4 m/s. Gusts can be very strong, especially during the winter months of Novem-
ber through April. The maximum gustrecorded in recent years was 53.3 m/s in January. In westerly
Fohn winds the temperature can often be quite high in Seydisfjérour. During such conditions the
temperature can reach more thari@&t any time during the year. The automatic weather station
at Gagnheidi is located at 949 m a.s.l. and gives the best indication of the wind direction above the
area. The most common wind directions during the winter are west-southwesterly, easterly and
north-northeasterly. This agrees with the results of Trausti Jonsson (1998) that the frequency of
gale force winds, accompanied by freezing temperatures, in the east of Iceland is highest during
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northerly and northeasterly winds.

The most frequent wind direction with precipitation in Seydisfjordur is northeasterly. Present
weather, wind direction, wind speed and precipitation has been observed at Dalatangi for a long pe-
riod. The wind direction at Fjardarheidi and Gagnheidi was analysed for those observations when
there was precipitation and temperature lower thah dt Dalatangi. The most common wind di-
rection during such conditions was between north and north-northeast. These wind directions also
had the highest wind speed under these conditions. The highest wind speeds are usually observed
from west and west-northwest winds in Seydisfjodur. Observations of the snowcover since 1996
indicate that a fair amount of snow can accumulate during the winter. More snow can be expected
in the lowland in Seydisfjordur than at Dalatangi or in Neskaupstadur. The snowcover is between
50% and 90% most of the winters in the lowland areas although there are exceptions. Kristjan
Jénasson and Trausti Jonsson (1997) found that the expected 50 year snowdepth in Egilsstadir is
108 cm, 133 cm in Neskaupstadur and 87 cm at Dalatangi. More snow could be expected in Seydis-
fijorour. Recent analysis by Témas J6hannesson (2001) estimated the 50 year snow depths to be
89cm, 154 cm and 206 cm at Dalatangi, Neskaupstadur and Seydisfjordur, respectively.

Avalanche cycles in Seydisfjorour have been analysed by Sigrun Karlsdéttir (2002). She finds
that most of the avalanches are preceded by a continuous and heavy precipitation. A large pro-
portion of the avalanches is released after a thaw but several after the temperature has fallen.
Avalanches are most frequent during northeasterly winds. In the last few years several recorded
avalanches have been preceded by southerly winds. This is probably due to improved recordings
of avalanches. The runout lengths of avalanches tend to increase if they are preceded by high wind
speed and heavy precipitation.

2.5 Snow depth measurements in starting areas

Regular monitoring of snow depth in the mountains above Seydisfjordur was initiated in the winter
1996/1997. The measurements were carried out on 11 stakes in the first winter, 16 stakes in the
next winter and on 23-26 stakes after that. Few readings were taken during the first two winters
and the measurements of those winters are therefore of limited value. The stakes are 3.0t0 4.2m
high and placed in the elevation range from about 250 m to 685 m a.s.l. in Bjolfur on the northern
side of the fjord and in the range 410 to 510 m a.s.l. in Strandartindur on the southern side of the
fiord. Additional stakes have recently been installed near 100 m a.s.l. in Botnabrun on the southern
side of the fjord.

The locations of the stakes are shown on Maps 6, and 7. Several stakes have been lost in
avalanches and rock falls or due to other causes during the period of the measurements leading to
some gaps in the snow depth time-series. The measurements are described by SigurdueKiernan
al. (1998), Sigurdur Kiernan and Tomas Jéhannesson (1998), Sigurdur Kietrahr{1999) and
Toémas Johannesson (2001, 2002). The report by Tomas Johannesson (2001) includes a discussion
of snow depth measurements at meteorological stations in the neighbourhood of Seyadisfjéréur and
Neskaupstadur.

The maximum vertical snow depth measured on the stakes in the starting zones is typically in
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Figure 2. Snow depth at the stake sekaOl at 602m a.s.l. in Kalfabotn in Bjolfur. Data points,
where the snow depth at buried stakes has been inferred, based on the measured variation of the
snow depth at other nearby stakes, are denoted with a circle.

the range 2—3 m for the lower or more exposed parts of the slope up to more than 6 m on the stakes
with the greatest snow depths in the bowl Kalfabotn in Bjolfur. The greatest snow depths were
measured in the winters 1998/1999 and 2000/2001. Most of the stakes are located in a relatively
unconfined terrain and greater snow depths may be expected to have occurred in the gullies that
are located in several of the starting zones. No stakes are located in the main starting zones above
the shelf above Brun in Bjolfur due to difficult conditions to maintain fixed stakes in this part of

the mountain because of rockfall and avalanches. Photographs and scattered observations from a
distance by snow observers during field trips to the shelf at Brin indicate that great snow depths
are reached in this part of the mountain, perhaps similar to the measured snow depths in Kalfabotn.
Figure 2 shows the measured snow depth at stake seka01 at 602 m a.s.l. in Kélfabotn for the winters
since the start of the measurements in the 1996/1997.

Snow depth in Kalfabotn in Bjolfur has also been measured manually in late winter along lines
near the stakes. These measurements are described in the reports referenced above. They show
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the distribution of snow depth at a specific point in time in more detail than the stake measure-
ments and confirm that the snow depth distribution indicated by the measurements at the stakes is
representative for the bowl as a whole.

Snow depth in Kalfabotn has once been measured geodetically from vertical aerial photographs
that were taken on 12 May 1999. Contours were drawn showing the surface of the snow pack. They
seem to be sufficiently accurate to allow the determination of the vertical snow depth. The max-
imum snow depth of the winter may have been about 1.0 m higher than the snow depth indicated
by the aerial photogrammetry. According to these results, the vertical snow depth appears to have
reached about 7.0 m in the upper, northeastern part of Kalfabotn, indicating a maximum vertical
snow depth of about 8.0 m for the winter 1998/1999 at that location.

Measurements and return period analysis of snow depth at lowland stations in the neighbour-
hood of Seydisfjorour (Kristjan Jonasson and Trausti Jonsson, 1997; Tomas Johannesson, 2001)
indicate that the snow depth tends to vary approximately synchronously at the stations. This is as
expected since the stations are all located in a comparatively small area. The snow depths in 1966,
1989, 1995 and 2000 are relatively large when viewed over the 30-40 year period spanned by the
data. Thisis notin agreement with snow depth measurements in the mountains above Seydisfjorour
described above, which have the largest snow depths in the winters 1998/1999 and in 2000/2001 as
mentioned above. The snow depth data at the meteorological stations, nevertheless, indicate that
large snow depths on a time-scale of 30—40 years have been reached at these stations in the last
few years. The greatest snow depths recorded in the mountains above Seydisfjorour may, there-
fore, be expected to correspond to a return period longer than say 10 years although the data from
the mountains only extend over 5 years.

Available information on snow depth in Kalfabotn was summarised and interpreted by Stefan
Margreth (SLF, 2001). He investigated conditions for supporting structures in Kalfabotn which is
one of the starting areas in Iceland where supporting structures have been proposed as possible
avalanche protection measures. Guidelines for the design of such structures for Icelandic condi-
tions have been formulated based on a pilot project that was implemented in Siglufjordur in 1996
(Témas Johannesson and Stefan Margreth, 1999). Margreth concluded that the return period of the
observed snow depth on the stakes in Kalfabotn from 1998/1999 and 2000/2001 is longer than 10
years and that the 100 year snow depth could be greater than the observed snow depth from these
years by a factor of about 1.7.

The snow depth measurements and other observations from the mountains clearly show that
drift snow is the main controlling factor for differences in the local snow depth in the mountainside.
The measurements indicate that the snow depth does typically not exceed 2—3 m on unconfined or
concave parts of the hill and the 100 year snow depth may be larger than this by a factor of 1.5-2. In
gullies and depressions below Brun in Bjélfur and in Strandartindur and in the large bowl shaped
area above Brun the snow depth can, however, become many times larger than this. There, the
snow depth seems to be mostly controlled by the depth of depressions and other landscape features,
rather than by the local amount of precipitation that falls as snow. Observations in Kalfabotn show
that maximum vertical snow depth has reached 8 m in this bowl and it is likely that maximum local
vertical snow depth in other bowls and gullies is also very great.
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2.6 Debris flow hazard and rockfall

The current Icelandic regulation on hazard zoning requires the same criteria to be used for debris
flow/rockfall hazard zoning as for avalanche hazard zoniegjndividual risk. Furthermore, the
combined risk should be presented on one map. Therefore, landslide hazard zoning should be done
in combination with snow avalanche hazard zoning.

A debris flow chronicle for both the north and south sides of Seydisfjérour has been com-
piled and a geological study has been conducted to evaluate the debris flow activity and potential
(Halldor G. Pétursson and borsteinn Seemundsson, 1999; borsteinn Seemundsson and Halldér G.
Pétursson, 1999). A more detailed study of the south side was carried out by Esther H. Jensen and
Thomas Sdnser (2002).

The debris flow hazard in the southern part of Seydisfjorour is addressed in Section 4.5.

The debris flow hazard in the inhabited area in the northern part of Seydisfjérour below Bjolfur
is considered to be insignificant compared with the avalanche hazard. It is therefore concluded
that taking debris flows specifically into account will not significantly alter the risk and the hazard
zoning presented here would be unaffected.
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Figure 3. Bjolfur and the names of main landmarks. (Photo: Thorsteinn Seemundsson).

3 Northern part, Bjolfur

The following discussion is partly based on investigations carried out in 1997 and 1998 (Kristjan
Jénasson and Thorsteinn Arnalds, 1997; NGI, 1997; WLV, 1997). The results of these investiga-
tions have been summarised by Thorsteinn Arnalds (2001).

3.1 Topographic description

The northern part of the investigated area is below the mountain Bjolfur which is more than 1080
m high. In the innermost part of the investigated area the avalanche hazard is caused by starting
areas in the lower part of the mountain mainly located between 300—-650 m a.s.l. In the middle of
the area, at Bakkahverfi, Fjorour and Fjardaralda, avalanches both starting in the lower part below
650m a.s.l. and in the upper part above the plateau threaten the settlement. In the outermost part
there is no shelf in the mountain but the height of the mountain ridge decreases gradually towards
the east. Figure 3 shows most of the slope. It can be seen on Maps 1 and 6 and longitudinal sec-
tions Geha2laa,sehal9aa, sebj 33aa, sebj 36aa, sebj 31laa,sebj 31ca,sebj 41aa,

sebj 44aa andsebj 48aa) are shown in Drawings 1-9.

Starting area

The potential starting areas in the lower part have been split into subareas. These are summarised
in the following table. The areas are shown on Map 6 with the number of each subarea indicated.
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No. Upper Lower Average Average Surface

border border incli- width area

(mas.l) (ma.s.l) nation
6 415 300 38 430 m 7.9 ha
7 480 390 39 140 m 1.4 ha
8 625 400 35 200m 8.6 ha
9 660 580 32 200 m 3.1ha
10 535 395 36 50m 1.3 ha
11 580 400 35 140 m 4.3 ha
12 590 420 39 70m 1.9 ha
13 640 425 38 220 m 6.5 ha
14 640 490 37 80m 2.0 ha
15 640 435 37 165 m 45 ha
16 660 500 40 350 m 7.6 ha
17 425 225 38 50 m 1.6 ha

The aspect of the areas is east to east-southeast. Due to the clarity of the hazard situation in the
area east of starting area 16 it was not considered to be necessary to delineate starting areas there.

In the upper part of Bjolfur in Bjolfstindur the potential starting area was also split into subareas
shown on Map 6, labelled 1-5. The areas are summarised in the following table.

No. Upper Lower Average Average Surface  Aspect

border border incli- width area

(ma.s.l) (ma.s.l) nation
1 860 775 42 120 m 1.6 ha ESE
2 970 740 37 330m 10.4 ha E
3 860 750 34 110 m 2.1ha ESE
4 840 700 37 300 m 7.0 ha SE
5 835 700 42 110 m 2.3 ha E

Track

The track from starting areas 6—8 and 10 starts at between 300 and 400 m a.s.l. and terminates in
the 3-point at 70—90 m a.s.l. The inclination of the track is mostly 25-814 a little below 200 m
a.s.l. there is a small rockband.

The track below starting areas 11 and part of 9 starts at about 400 m a.s.l. The inclination down
to 300 m a.s.l. is about 4®n average. Part of the track passes through the lower part of Jokugil
between 220 and 300 m a.s.l. Below 200m a.s.l. the inclination decreases gradually and is on
average 18 Between 40 and 70 m a.s.l. there is a bank with an inclination of abéuT8e track
terminates in thes-point at about 30 m a.s.I.

The track for starting area 12 and a part of area 9 passes through the gully Jokugil, below
Jokugil the track is comparable to the track for starting area 11.

The track below starting area 13 starts at about 440 m a.s.l. A small part of the track in the
innermost part passes through Jokugil and coincides with the track of area 11. Between 440 and
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320 m a.s.l. the average inclination is°3&t around 300 m a.s.l. there is a rockband. Part of the
track passes through the gully Falkagil between 220 and 180 m a.s.l. The average inclination is 20
at 180-80m a.s.l. and about°3#t 80-60 m a.s.l. Below that, the inclination decreases gradually
down to the3-point at about 35m a.s.l.

Below starting areas 14-16 the track starts at about 450-500 m a.s.l. The inclination s 30-45
down to a rockband at about 200 m a.s.l. The inclination is 25d8®&/n to another rockband at
about 100 m a.s.l. The inclination decreases below the rockband apepbiat is at the shore in
the outermost part and at about 30 m a.s.l. in the innermost part below starting area 14.

The track for starting area 1 starts at about 780m a.s.l. Between there and about 640 m a.s.l.
the inclination varies between 5-38nd the average is about®2(Below 640 m a.s.l. this track
passes through starting areas 9 and 12 and follows the tracks of those.

The tracks of starting areas 2 and 3 start at about 740 m a.s.l. The inclination i$ 86w80
about 680 m a.s.l. The inclination then decreases gradually down to about 660 m a.s.l. where there
is an approximately 200 m wide shelf with an about 10 m high hill near the edge. Across the hill
the inclination rises again and at about 640 m a.s.l. the track merges with starting zones 14 and 15.

The inner part of the track below starting area 4 is similar to the track below starting area 3. In
the outer part, the track starts at about 700 m a.s.l. The average inclination is abdaiddto
660 m a.s.l. The track then passes through a shallow depression until it merges with starting area
16 at about 640 m a.s.I.

The inclination of the track below starting area 5 is abouti#iween 700 and 650 m a.s.l. Be-
tween 650 and 600 m a.s.l. the average inclination is abSutB#ow 600 m a.s.l. the inclination
decreases gradually and is about &220—-0 m a.s.l. with thg-point located at the shoreline.

Runout area

The runout area in the innermost part of the investigated area below starting areas 6—11 starts at
70-90 m a.s.l. The upper part of the runout area has an inclination of absutBie8lower part

of the runout area is almost flat and terminates near the road at about 10m a.s.l. There are a few
horse sheds located in the area but no domestic houses.

The runout area below starting area 13 starts at about 35m a.s.l. The inclination decreases
gradually and below 20 m a.s.l. the area is nearly flat. The housing area Bakkahverfi, where houses
were mostly built in 1975-1985, is located in the runout area.

The runout area below starting area 14 starts at about 30 m a.s.l. The farm Fj6rdur is located at
about 10m a.s.l., and itis claimed that some houses may have been located in the area since about
the year 1000. Along the seashore there are several houses mostly built before 1900.

Below Kélfabotn,.e. starting area no. 15, the runout area starts at about 15m a.s.l. There are
some commercial buildings located on the flat land near the sea. A large part of that area is a
landfill.

To the east of Kélfabotn there is hardly any runout area below the potential starting zones.
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3.2 Climatic conditions

During northerly winds snow will drift along the lower starting areas and mostly accumulate in the
deeper depressions such as Kalfabotn. On ridges and relatively even areas snow accumulation is
possible in light winds.

The large bowl shaped area in Bjolfstindur above the shelf at Brin can be expected to accumu-
late snow during northerly and northeasterly winds which are the most frequent wind directions
when it is snowing.

The southern slope of the valley Vestdalur will act as a catchment area for snowdrift accumu-
lating snow in the area of Oxl.

3.3 Chronicle

There are no avalanches recorded in the innermost part of the.ar&athe west of the settlement.

Itis thought that a part of a large avalanche in 1885 entered the area where Bakkahverfi is currently
located. The farm Fjérour has probably not been hit by an avalanche for the past 1000 years. To
the east of Fjorour a swarm of avalanches are recorded. All recorded avalanches in Bjolfur are
listed in the following table. Most of the avalanches are shown on Map 2.

Number Description

Time

Runout index

4004 A slushflow fell from Bjélfur and hit Hotel Island. Two people were
13.1.1882 caught by the slushflow but escaped without injury.

>14.4

4005 A slushflow was released in Bjo6lfur. It destroyed the house

13.1.1882 Baldurshagi. A total of five people were caught by the flow and twg
>14.1 children died.

4006 A swarm of slush avalanches fell in the mountain Bjolfur. The flows
13/14.1.1882 caused considerable damage. See also no. 4004 and 4005.

4007 An avalanche was released below Radarflug. It damaged some huts by
2.2.1885 Fornistekkur and took their roofs down to the sea.

>11.6

4008 An avalanche fell in Nautabas. It broke some sheds and carried debris
8.2.1885 out to the sea.

>11.0
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Number Description

Time

Runout index

4009 A large avalanche fell from Bjélfur reaching from Jokugil to further

18.02.1885 out than Hlaupgja. Many houses were destroyed and 24 people w|

>14.4 killed. Some sources say that in the town the extent of the avalanghe
was from Fjordur and out towards Liverpool. The starting zone is
thought to have been in Kalfabotn (some say in Hlaupgja below
Kélfabotn or that the avalanche was released from the upper starti
zone near the top of Bjolfur). The avalanche reached the sea. Some
references state that the avalanche split on a small hill around Fj6
and the inner tongue reached Fjardara. Separate sources say tha
of the avalanche overran the area below Falkagil where houses have
since been built.

4010 An avalanche fell from Bjolfur outside of the village into the sea. Fi

18.2.1885 drying racks were damaged.

4013 Several avalanches fell in Seydisfjordour. The location of the avalan

27-31.10.1892

is unknown but the most propable release location is in Bjolfur.

ches

4014

A dry avalanche with similar runout zone as the one in 1885 fell, bt

it it
da

31.1.1894 started lower down and had a (much) narrower tongue. It destroye
>14.4 storagehut.
4111 There is somewhat vague information about an avalanche thatis g

around 1900
~157?

have fallen southwest of Fjordur in the area below Falkagil and Jok
and these records state that it reached Fjardara. The date of this
avalanche is very unclear.

aid to
Kugil

4019 Several slush avalanches fell in Seydisfjordur.

21.2.1904

11.6

4020 A slushflow fell from Bjélfur in the vicinity of Breedraborg.

21.2.1904

11.2

4021 A slush avalanche fell from the mountain Bjolfur close to the house

21.2.1904 Hjardarholt.

10.7

4022 A slush avalanche fell from the gully Hlaupgja in Bjolfur.

21.2.1904

12.8

4025 An avalanche fell between Aldan and Vestdalseyri. The most prob

4.12.1909 location is around Nautabas or Fornistekkur. A telephone post waj
broken.

4026 A wet avalanche fell a little bit further out than the avalanche of 18

3.3.1912 It reached the sea and destroyed a warehouse, merchandise, boa

>12.3 sheepshed, killing 12 sheep.

able

~

D

B5.
s and a
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Number Description

Time

Runout index

4027 An avalanche stopped below Nedstuklettar a little to the east of

3.3.1912 Liverpool.

10.9

4030 A dry avalanche damaged the farm Fornistekkur and its stable.

3.2.1914

11.0

4035 An avalanche at Nautabas damaged 5-7 telephone poles. The fishmeal

1928 factory Hafsild was later located in the area.

>11.0

4039 Two men were caught by an avalanche in the area between Skagijand

1935-1937 Liverpool. Both men escaped.

4040 Sheep and a dog were caught by an avalanche above Jékugil.

1938-1940

4042 An avalanche fell just northeast of Breedraborg. It was about 200 m

19.3.1946 wide where it reached the sea. It overran a sheepshed but did not

>11.8 damage it (it was buried in snow before the avalanche fell).

4043 Several avalanches fell from the mountain Bjolfur, some of them

1951 around Braedraborg and Hjardarholt.

11.7

4046 An avalanche fell above Nautabéas from Djapugil all the way down to

27.3.1967 the sea. It started below the rock belts at 350-400 m a.s.l. The

>11.0 avalanche hit a large warehouse belonging to the factory Vestdalsmjol.
The warehouse was seriously damaged and parts of it were transported
into the sea. The avalanche also damaged a telephone line.

4053 Many dry avalanches fell from Bjolfur. The references state that

8-12.2.1974 “avalanches fell from every gully”.

4071 A dry avalanche fell from Bjolfur damaging an oil pipe leading to the

26.12.1985 fishmeal factory of isbjorninn (formerly Hafsild/Vestdalsmjol). Abouit

11.0 300—-400m"° of oil were spilled into the sea. The avalanche was about
45 m wide and a narrow tounge reached the sea.

4072 A dry avalanche fell from Falkagil and stopped at about 120 m a.s/|.

22.1.1986 about 100 m from the uppermost houses.

8.6

4074 A dry avalanche started below Hlaupgja. The avalanche stopped about

1.2.1988 30 m a.s.l. and was about 25 m wide.

9.3

4076 An 1100 m long avalanche fell in the area of Fornistekkur. Its tongue

4.2.1988 forked into two smaller tongues. One stopped on the buildings of the

10.6 fishmeal factory Vestdalsmjol, and the other fell down Fornastekksgil,

over the road, and just beyond the oil tanks.

24



Number Description

Time

Runout index

4077 An avalanche was released below Radarflug at about 450-500 m @.s.l.

6.2.1988 The avalanche was about 1100 m long and 100 m wide. Part of it

>11.0 stopped on the fishmeal storehouse of Vestdalsmjol and some of it
went into the sea east of the factory.

4080 An avalanche from from the gully Jékugil in the mountain Bjoélfur.

mars 1988

4081 A slushflow fell in Bjolfur to the west of Sunnuver. A part of the slush

1990 passed the road above Sunnuver and stopped at about 20 m a.s.l} The

11.8 width of the tongue was about 20 m.

4101 A dry avalanche fell in Bjélfur and hit the fishmeal factory of

24.1.1993 Vestdalsmjol in Nautabas. The fishmeal storage house was damaged.

10.6 The avalanche stopped at 7 m a.s.l. The deposit was 125 m wide Wwith a
maximum thickness of 4.5 m.

4087 An avalanche fell from Bjolfur above Fornistekkur. It started at about

20.2.1995 150 m a.s.l. in the next gully to the west of Fornastekksgil. It stopped

9.3 at about 20 m a.s.l. and was about 20 m wide.

4088 A small avalanche fell in Bjolfur above Fornistekkur. It started about

20.2.1995 100 m a.s.l., stopped at about 50 m a.s.l. and was about 70 m wide.

9.5

4090 An avalanche started at about 575 m a.s.l. and fell down to the

2.3.1995 outermost part of Aldan. The avalanche stopped at about 10 m a.g.l. a

11.8 little to the west of the youth hostel Hafaldan. The deposit was 55 m
wide and about 1m thick.

4091 An avalanche fell at Fornistekkur. It reached into the sea and was {150

17.3.1995 m wide on the road but wider further up. The starting zone was 500 m

>10.5 a.s.l. with an average fracture height of 0.7 m.

4092 A dry avalanche hit the fishmeal storehouse of Vestdalsmjol. The

19.3.1995 house was completely destroyed and the neighbouring factory was also

>11.0 damaged. The avalanche started at 450 m a.s.l. with an average
fracture height of 2.1 m. The deposit was about 250 m wide and
several meters thick.

4093 An avalanche fell from Bjolfur above Liverpool and stopped at 58 m

1996 a.s.l., about 100 m above the road.

8.5

4094 An avalanche fell from Bjolfur above Liverpool and stopped at about

1996 50 m a.s.l. which is about 100 m above the road.

8.6
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Number Description

Time

Runout index

4095 A dry avalanche started at 660 m a.s.l. in Bjélfur above Fornistekkpr.

18.1.1997 The fracture was 200 m wide with an average height of 0.7 m. Most of

10.1 the avalanche stopped at about 100 m a.s.l. but about a 80 m wide
tongue passed the road and stopped at about 20 m a.s.l. The deppsit
was 80 m wide and 0.8 m thick.

4096 A dry avalanche started at about 650 m a.s.l. in Bjolfur above

19.1.1997 Liverpool. The fracture was 35 m wide and 0.3 m high on average

8.2 The avalanche stopped at about 120 m a.s.l. above the youth hostel.

4102 A dry avalanche started in Bjélfstindur at about 900 m a.s.l. The

7.1.1999 fracture was about 100 m wide and 3 m high on average. It stopped on
the shelf at 650 m a.s.I.

4097 A dry avalanche started at about 900 m a.s.l. in Bjolfstindur and

19.4.1999 stopped on the shelf at about 660 m a.s.l.

12.2

4106 A dry avalanche started at 860 m a.s.l. in Bjolfstindur. The fracture

25.4.1999 was 90 m wide and its average height about 0.3 m. The avalanche

7.1 stopped at about 740 m a.s.l. The deposs ®an thick on average and
130 m wide.

4107 Sevaral small wet avalanches fell from Bjolfstindur.

11.5.1999

4114 A dry avalanche started at about 900 m a.s.l. in Bjolfstindur. The

7.1.2000 fracture was 100 m wide and 0.3 m high on average. The avalanche

12.7 stopped on the shelf at 650 m a.s.l. The deposit was 100 m wide and
2.5 m thick on average.

4108 A dry avalanche started at 900 m a.s.l. in BjélIfstindur. It stopped at the

21.2.2000 foot of the hill at 760 m a.s.l. The deposit was on average 0.3 m thjck

8.3 and 30 m wide.

4109 A wet avalanche started in Bjélfur above the youth hostel. It stopped at

27.2.2000 30 m a.s.l. about 20 m above the road. The deposit was 18 m wide¢ and

9.0 1.75 m thick on average. The volume was estimated at 200

4112 A wet avalanche fell in Bjélfur above Fornistekkur and stopped at

27.2.2000 about 170 m a.s.l.

8.4

4113 A wet avalanche fell in Bjélfur to the west of Fornistekkur and stopped

27.2.2000 at 135 ma.s.l.

8.6

4115 An avalanche fell from the summit of Bjolfur and stopped on the shelf

Feb 2000 at about 660 m a.s.l. The deposit was 20 m wide on average.

8.1
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Number Description

Time

Runout index

4116 An avalanche fell from the summit of Bjolfur and stopped on the shelf

2.1.2001 at 660 m a.s.l. The deposit was 30 m wide on average.

13.8

4130 A dry avalanche started in Bjélfstindur at about 900 m a.s.l. and

3.1.2001 stopped at the foot of the slope above the shelf.

4117 An avalanche started at 900 m a.s.l. in the summit of Bj6lfur. The

6.1.2001 fracture was 90 m wide and on average 2 m high. The avalanche

14.8 stopped on the shelf at 660 m a.s.l. on top of the ridge above
Kélfabotn. The deposit was 110 m wide with a maximum thickness of
3 m. The volume was estimated at 1000

4120 A small avalanche fell from Jékugil and stopped at 205 m a.s.l. just

8.1.2001 below the mouth of the gully.

8.7

4124 An avalanche started at 550 m a.s.l. above Féalkagil. The avalanche

4.3.2001 stopped at about 120 m a.s.l. and the tongue was about 25m wide.

8.2

4129 A dry avalanche started at 900 m a.s.l. in Bjélfstindur. The starting

Apr 2001 area was 50 m wide. The avalanche stopped on the shelf at 670 m a.s.l.

10.9 Another avalanche probably fell to the west of this one.

3.4 Assessment

Potential avalanches starting in the lower starting areas are mostly expected to be in the range 10—
50 thousand rm The potential of starting area 15 in Kalfabotn is considered to be unique compared
to the other areas, allowing a release of avalanches with volume on the order of 100 thotisand m

The upper starting areas are considered to be potential starting zones for large avalanches with
volumes in the range 50—300 thousand Bue to the topography avalanches will not have reached
terminal velocity before they reach the plateau at Bran. Only large avalanches will pass the plateau
and a large proportion of their mass will be deposited on the plateau. When such avalanches pass
the lower starting areas a large amount of snow could be entrained, partly compensating for the
deposition of snow on the plateau.

The upper starting areas and Kalfabotn are considered to be the primary source of avalanche
risk for the settlement. Avalanches that have been recorded in the past three years seem to confirm
that the frequency of avalanches from the upper starting areas is much higher than for the lower
ones. This makes it probable that the avalanche of 1885 started in the summit Bjélfstindur although
this is by no means certain.

In the outer part of Bj6lfur avalanches of up to 100 thousardre to be expected.
The gullies Jokugil and Falkagil will offer some protection for the houses below. The upper-
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most of these houses are, however, located quite close to the slope.

The farm Fjoérdur is close enough to the slope for medium to large avalanches to reach the
houses. It is thus a little surprising that the farm has been located there for such a long time (about
1000 years). The starting area directly above Fjordur is unconfined with depressions on both
sides and there is a ridge in the lower mountainside above the farm that tends to deflect smaller
avalanches away from the area. The area where the farm is located is, nevertheless, considered to
be far from “safe”.

To the east of Fjordur the avalanche chronicle alone gives a clear indication of a very high
hazard.

3.5 Model estimates

Map 6 shows the results of model calculations and the profiles used for the calculations. The pro-
files (seha2laa, sehal9aa, sebj 33aa, sebj 36aa, sebj 31laa, sebj 31ca, sebj 41aa,

sebj 44aa andsebj 48aa) are shown in Drawings 1-9. The runout was calculated using runout
indices and am/3-model. For explanation see Appendix A.

In the area to the west of Fjérdur avalanches with runout index of about 16 will reach the road.

The uppermost house in Bakkahverfi is located at 12 and an avalanche of less thant o
will reach the house. Direct frequency estimation cannot be done since no avalanches are recorded.

Avalanches released in the upper starting area need to have a runout indexin order to
pass the plateau at Brun. Estimating the frequency of avalanches from the upper area on the basis
of data from the past three years would give high estimates. Two avalanches with runout index
a little more than 14 have been recorded without passing the plateau. The avalanche in 1885 is
the only recorded event where it is possible that an avalanche has been released from the summit
and reached the settlement. It seems plausible to assume that the frequency of avalanches from
the summit, mainly above Kalfabotn is similar to the frequency of avalanche in Neskaupstadur,
F13 - 005

Avalanches from the lower starting areas witk 13 and runout angle — o will reach Fjordur.
If buildings have been located where the farm Fjordur is for about 1000 years, and the area has
never been hit by an avalanche, the return period of avalanches there should be at least on the order
of few hundred years.

To the east of Kalfabotn small to medium sized avalanches, with runout indices in the range
11-14 will reach the shore.

The Austrian avalanche model SAMOS was applied to evaluate the direction of avalanches
from the starting areas and the lateral extent of avalanches. The results are described by Témas
Jéhannessoet al. (2002).
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3.6 Conclusion

The hazard zones in the innermost part are delineated so that the boundary of the category A hazard
zone is located at about= 14. The uncertainty of the estimate is considered to be medium to
high (1-2).

In the area west of Bakkahverfi the boundary of the category A hazard zone is set at about
r = 16. This is a little further away from the slope than at Bakkahverfi. The hazard zones are
narrower in this area than at Bakkahverfi. This partly reflects the outcome of the two-dimensional
calculations. The uncertainty of the estimate is considered to be medium (1).

At Bakkahverfi and Fjorour the boundary of the category A hazard zone is set at about 15.7—
16.4. There is indication from the two-dimensional simulations that runout of avalanches in the
area is shorter than to the east and west. This effect is in part exaggerated by the “unrealistical”
simultaneaous release of avalanches from starting zones 9 and 11 in the simulations. There is
information that an avalanche may have reached the river Fjardara in the area immediately to
the east of Bakkahverfi. This is in contradiction to the results of the SAMOS simulations which
indicate that avalanches will have a relatively short runout in the area. The uncertainty of the
estimate is considered to be medium (1).

The SAMOS simulations indicate that the runout of avalanches released from Bjolfstindur will
be shorter than in other areas in Iceland where similar simulations have been carried out. This is
probably caused by deposition of snow on the shelf at Brun, lateral spreading and the relatively
high 3-angle. The reduction in runout is probably overestimated since entrainment below the shelf
is not taken into account. As discussed above the frequency of avalanches in the area is estimated to
be Fi; = 0.05 per year and risk calculations were performed using that frequency. The delimitation
of the hazard zones, however, takes account of the results of the two-dimensional simulations and
the limits of the hazard zones are set a little closer to the slope than corresponding to the results of
the risk calculations. The uncertainty of the estimate is considered to be low to medilin (

The risk in all the area east of Fornistekkur is considered to be morethen* per year and
therefore the entire area is in the category C hazard zone. The uncertainty of the assessment that all
the area is in the category C hazard zone is low since the boundary of the category C hazard zone
is well beyond the shoreline. No conceivable reinterpretations of the data or changes in hazard
zoning methods are likely to change this assessment. The uncertainty of the risk estimate as such
is low to medium £-1).

The hazard zoning proposal is shown on Map 9.
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Figure 4. Strandartindur and the names of main landmarks. (Photo: Thorsteinn Seemundsson).

4 Southern part, Strandartindur/Botnabran/Grakambur

The discussion on the southern part of Seydisfjordur is split into six main subsections. The first
four describe potential starting areas for snow avalanches. The fifth discusses debris flow hazard
and finally a conclusion is given with the hazard zoning proposal.

4.1 Ytri-Strandartindur
4.1.1 Topographic description

The northern (northwestern) side of Ytri-Strandartindur has some potential starting areas. These
areas mostly impose a hazard for the area east of Stodvarleekur. Figure 4 shows the area. It can
also be seen on Maps 1 and 7 and longitudinal sectizast(09aa, sest 08bb, sest 16aa,

sest 05ca andsest 05bb) are shown in Drawings 10-14.

Starting area

The potential starting area is between 720 and down to about 460 m a.s.l. The average inclination
is about 34—38 The area is in total about 500 m wide. The area is terraced by cliffs and divided

by ridges. It is mainly covered with weathered debris. The aspect is northwest to west. There
are several depressions and bowls that are more likely starting areas than others and the total area
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of those is 15.5 ha. An avalanche is not expected to be released simultaneously in the whole of
that area. These smaller areas can be seen on Map 7 labelled 5-8. The following table lists key
characteristics of these areas.

No. Upper Lower Average Average Surface Aspect Shape

border border incli- width area
(m (m nation
as.l) asl)
5 720 550 38 400m 11 ha W Large shallow bowl with several
smaller gullies and depressions.
6 655 580 34 100m 1.4ha NW Shallow depressionin a scree.
7 565 480 36 100m 1.4ha NW Shallow depressionin a scree.
8 580 480 34 100m 1.8ha NW Shallow depressionin a scree.

There are more potential starting areas further to the east. These have runout areas in the
easternmost part of the investigated areas. The hazard situation in that area was considered to be
quite clear so that detailed investigation of the starting areas was not carried out further to the east.

Track and runout area

The track of avalanches starting in area 5 is the whole mountainside above the plateau pPo&fi. The
average inclination is about 38own to the plateau at about 160 m a.s.l. and théndbdvn to

80m a.s.l. From there and down to the sea it inclines abdut BBe track is slightly confined

down to the plateau and after that it is quite convex. In the northern part of the plateau there is a
gully and in the southern part a depression with a ridge between them.

The track of avalanches starting in areas 6—8 leads down the mountainside to the gullies of
Skuldarlaekur, Hormungarlaekur and Haedarleekur and partly to the plateau Pofi. The average incli-
nation is about 25down to about 120 m a.s.l., below that there is a small step with a rockband in
the area to the west (southwest) of boéfi. Below the step the average inclination is abdoivR0
to the sea. The upper part is partially confined, mostly by the gully of Skuldarlaekur, and below
that the track is slightly convex.

There is no runout area.
4.1.2 Climatic conditions
During northeasterly winds snow can drift over the mountain ridge to the northeast of the area and
accumulate in the starting area. This was confirmed by observations during a field investigation

in mid June 2000. A large amount of snow was still in gullies and depressions on the lee side to
northeasterly winds.
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4.1.3 Chronicle

A total of twelve avalanches and slushflows are recorded in the area. The runout area of all these
have been either to the east or west of P6fi. The avalanches are shown on Map 3 and listed in the
following table:

Number Description

Time

Runout index

4018 A wet avalanche damaged Imsland’s fishmeal factory and transported

Apr 1899 parts of it into the sea. The damaged building was probably located

>11.5 below Imslandsgil where other buildings belonging to the factory were
located.

4024 A slush avalanche fell in Hormungarlsekur or Skuldarlaekur or both|

21.2.1904 Damage was caused to four boats.

>12.2

4098 A slushflow fell in Haedarlsekur and damaged two houses.

21.2.1904

13.6

4033 An avalanche fell in Strandartindur at an unknown location to the gast

24.4.1919 of Budareyri. It hit a house that had been evacuated.

4038 An avalanche fell in Strandartindur around pofalaekur. It ran through

1930-1943 the ground floor of the house Strandarvegur 26—-28.

12.9

4055 A dry avalanche fell from the gully p6fagil in the mountain

15.2.1974 Strandartindur.

12.9

4056 An avalanche fell from Strandartindur close to the house Neptun.

15.2.1974

10.8

4062 Wet avalanches fell from Strandargil, Imslandsgil, and more gullies to

26.4.1977 the east. Some of the avalanches were large.

12.9

4063 A wet avalanche fell from mountain Strandartindur close to the house

26.4.1977 Neptan. It probable fell from the next gully to the east of Imslandsgil.

10.8

4104 A slushflow fell in Skuldarleekur and/or Hérmungarleekur. It stopped at

28.3.1978 about 40 ma.s.l.

12.2

4078 A large and thick wet avalanche fell from Hérmungarlaekur and

14.2.1988 Skuldarleekur closing the road between Fiskvinnslan (the freezing

13.9 plant) and SR (the fishmeal factory).
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Number Description

Time

Runout index

4086 A 50 m wide and 600 m long wet avalanche fell from Strandartindyr
17.3.1991 stopping on the road next to Neptun.

10.6

4.1.4 Assessment

Avalanches of 50-100 thousand are considered possible. Due to the aspect and other topo-
graphic conditions the probability of such events is not to be underestimated. Although avalanches
may be spread or partially deflected on the plateau bdfi it does not offer sufficient protection for
any of the area below and this is confirmed by the results of two-dimensional simulations. The
shape of the track furthermore increases the width of the potential hazard zone.

4.1.5 Model estimates

Map 7 shows the results of model calculations and the profiles used for the calculations. The
profilessest 09aa, sest 08bb, sest 16aa, sest 05ca andsest 05bb and the results of the
calculations are shown in Drawings 10-14. The runout was calculated using runout indices and an
a/-model. For explanation see Appendix A.

In the areas on each side of bo6fi avalanches with runout indices 11-12 will reach the shore.
The plateau béfi will stop medium sized avalanches with13.

The3-pointis located almost by the shore and avalanches with runout angle in thewrarge
to o + o will reach the sea.

The Austrian avalanche model SAMOS was applied to evaluate the direction of avalanches
from the starting areas and the lateral extent of avalanches. The results are described by Témas
Jéhannessoat al. (2002). These results indicate that larger avalanches will not be deflected and
stopped by the béfi plateau and would reach the shore with relatively high velocities.

4.2 Below Nedri-Botnar
4.2.1 Topographic description
Below the shelf Nedri-Botnar there are a few small areas which are considered as potential starting

areas. The area can be seen on Maps 1 and 7 and longitudinal sesgbh®Raa, sebh10aa
andsebhllaa) are shown in Drawings 16-18.
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Starting area

From the edge of the plateau Nedri-Botnar at about 120-140m a.s.l. and down to the rockband,
which is located between 60 and 100 m a.s.l, there is a potential starting area. The total width of
the investigated potential starting area is 1.3 km. The inclination is mostly 30+-82 upper part

and decreases gradually to 25-#vthe lower part. There are several small bowls and depressions
which are more favourable for snow accumulation than other parts of the area. The bowls are
mostly vegetated as opposed to the ridges between which are bare. This is caused by wind blowing
along the slope. The widths of the bowls are between 30 and 120 m and their area between 0.2 and
1.1 ha. The slope is facing to the northwest. The surface is debris, partly covered with vegetation,
and the roughness according to the Swiss guidelines is 2—3. The areas are shown on Map 7 labelled
13-23. The following table summarises the characteristics of the areas.

No. Upper Lower Average Average Surface

border border incli- width area

(mas.l) (ma.s.l) nation
13 160 115 30 120m 1.1 ha
14 155 85 32 70m 1.0 ha
15 135 95 28 85m 0.7 ha
16 145 100 30 35m 0.3 ha
17 135 100 30 30m 0.2 ha
18 135 100 27 45m 0.4 ha
19 135 90 37 40m 0.4 ha
20 135 100 29 35m 0.2 ha
21 125 80 28 40m 0.4 ha
22 125 80 29 100m 0.9ha
23 105 70 29 60m 0.7 ha

Track and runout area

The track starts with a rockband. Below there is a scree covered with vegetation that mostly has an
inclination of 15-28. Below the scree the inclination decreases gradually. The uppermost houses
are located on the boundary between the track and the runout area. The track is mostly unconfined
although below several small depressions it is slightly confined. There are no indications that
avalanches have fallen in the area. The outer part of the area was populated in the nineteenth
century and the beginning of last century. The houses in the innermost area around Botnahlid were
built mostly in the 1970’s.

4.2.2 Climatic conditions
Snow accumulation is most likely in the depressions and gullies when wind is blowing along

the mountainside from north to south or vice versa. Snow accumulation from al®veast is
unlikely due to the topography.
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4.2.3 Chronicle

There are no avalanches recorded in the area.

4.2.4 Assessment

Due to the low elevation, the small size of the starting areas and rather unfavourable conditions for
snow accumulation small avalanches of 1-5 thousanarmpossible but unlikely. Starting zones
13 and 14 are considered to be the most favourable ones.

4.2.5 Model estimates

Map 7 shows the results of model calculations and the profiles used for the calculations. The
profilessebh02aa, sebhl10aa andsebhllaa and the results of the calculations are shown

in Drawings 16-18. The runout was calculated using runout indices and//@model. For
explanation see Appendix A.

Most of the uppermost houses in the area are located closer to the slope than runout index 11.
Small to medium sized avalanches do thus threaten the settlement.

The 3-point is located close to the uppermost houses in most of the area. An avalanche with
runout anglex will reach about 50—-150 m into the settlement.

The Austrian avalanche model SAMOS was applied to evaluate the direction of avalanches
from the starting areas and the lateral extent of avalanches. The results are described by Témas
Jéhannessoet al. (2002).

4.3 Other areas in Strandartindur

The following discussion focuses on starting areas in the slope between Ytri-Strandartindur and
Innri-Strandartindur and above Nedri-Botnar.

4.3.1 Topographic description

Above the plateau Nedri-Botnar there is a slope, which in the outer part is covered with deposits
of sediment, marked by three gullies, and with an inclination of about 25-F34ts of this slope
are considered to be potential starting areas.

Above the inner part of Nedri-Botnar there are about 100 m high cliffs. Above this slope there
are multiple shelfs called Efri-Botnar. The eastern shelves are also called Ytri-Dagmalabotn and
the western Fremri-Dagmalabotn. The areas between the summits Ytri-Strandartindur, Midtindur
and Innri-Strandartindur are bowl shaped. Near the top there are cliffs but below the cliffs there
are about 100—-200 m high areas with gentler inclination but still higher thanT3@se areas are
potential starting areas.

35



Figure 4 shows the area. It can also be seen on Maps 1 and 7 and a longitudinal section
(sest 11aa) is shown in Drawing 15.

Starting area

Between Nedri-Botnar and Efri-Botnar most of the slope inclines less tifaor 26nsists of cliffs.

Area no. 12 on Map 7 is the area of main concern with regard to the release of dry avalanches.
The three gullies where areas no. 9—-11 are delineated are mainly considered to be possible starting
areas for wet avalanches and slushflows. The areas and some characteristic values are listed in the
following table.

No. Upper Lower Average Average Surface

border border incli- width area
(mas.l) (ma.s.l) nation
9 335 205 26 90m 2.8 ha
10 330 235 30 50 m 1.1ha
11 335 240 33 60 m 1.2 ha
12 400 325 32 130 m 2.2 ha

A small proportion of the bowls above Efri-Botnar have inclination in the range 28-8fe
areas are mostly in scree, below the cliffs, although some gullies and depressions in the cliffs
above can be considered to be potential starting areas. The areas are quite large, but a simultaneous
release of avalanches from the whole areas is unlikely. Two possible starting areas where delineated
in each bowl, labelled 1-4 on Map 7. An avalanche with a fracture covering the whole of each of
these 4 areas is also considered to be unlikely. The following table lists the areas and some of their
properties.

No. Upper Lower Average Average Surface

border border incli- width area
(mas.l) (ma.s.l) nation
1 900 675 35 400 m 13.3ha
2 850 690 37 450 m 10.0 ha
3 815 670 34 250 m 5.7 ha
4 800 690 35 400 m 13.3ha

Track and runout area

The track of an avalanche from the lower starting area no. 12 starts at about 325m a.s.l. The
average inclination is about 2down the plateau Nedri-Botnar. Fromzapoint at about 110 m

a.s.l. the shelf is about 150 m wide with an average inclination of alfouBélow the shelf the

slope increases and is about 20 average down to a small rockband at about 95 m a.s.|. Below
the rockband the inclination decreases gradually down to a set@atht at about 7 m a.s.l. close

to the uppermost houses. The runout areais 150 m wide down to the sea with an average inclination
of about 3. The houses in the runout area are mostly built in the first part of the last century.
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The track of avalanches released in the bowl above Ytri-Dagmalabotn first passes these plateaus
where the inclination is 7¢50n average for about 120 m at about 550 m a.s.l. and al$coid.5
average for about 150 m at about 460 m a.s.l. Below 400 m a.s.l. the track merges with starting
area 12 and later with the track below that area, which is described above.

4.3.2 Climatic conditions

The aspect of the uppermost starting areas is from southwest to northwest. Thus, the areas may
be expected to accumulate less snow than southwest to southeast facing starting zones in northerly
to northeasterly winds. These are the main wind directions associated with avalanche cycles in
Seyoaisfjorour. Snow accumulation in easterly or even southeasterly winds can, however, be very
high, but snowfall in these wind directions is not common in eastern Iceland.

4.3.3 Chronicle

In the last two years a few avalanches have been recorded from the starting areas in Efri-Botnar.
Avalanches recorded during the winter 2001/2002 are not included in the list. The avalanches are
shown on Map 3 and listed in the following table:

Number Description

Time

Runout index

4119 Two avalanches were released from Strandartindur above Efri-Botnar.

3.1.2001 The larger one stopped at 480 m a.s.l. and was 150 m wide on average.

12.9

4122 A few small avalanches started at about 800 m a.s.l. in

1.3.2001 Ytri-Dagmalabotn and stopped halfway down the slope at about 700 m
a.s.l.

4123 Three small avalanche fell in Fremri-Dagmalabotn. They started at

1.3.2001 about 800 m a.s.l. and stopped at the foot of the slope at about 700 m
a.s.l.

4.3.4 Assessment

The potential volume of avalanches from the starting zones above Efri-Botnar is considered to be
on the order of 50 thousand®m Avalanches released simultaneously from a large part of each
area could have larger volumes. Such avalanches are considered unlikely given the potential snow
accumulation and the topography of the zones. An avalanche released in the area will be spread
by the topography of the track and will have to pass plateaus which are quite wide, especially in
the inner bowl, Fremri-Dagmalabotn. The probability of an avalanche released from above Ytri-
Dagmalabotn to pass Nedri-Botnar is estimated to be low and practically zero for an avalanche that
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is released above Fremri-Dagméalabotn.

The potential size of an avalanche from starting area 12 below Efri-Botnar is estimated on the
order of 10 thousand tn Such an avalanche is not expected to pass the plateau Nedri-Botnar.

Starting areas 9-11 are not considered to be likely starting areas of dry avalanches. Areas 9
and 10 are furthermore in the track of avalanches released in areas 6 and 8 in Ytri-Strandartindur.
Those areas are considered to be much more hazardous and are dominating for the risk in the area
below.

4.3.5 Model estimates

Map 7 shows the results of model calculations and the profiles used for the calculations. The profile
sest 11aa and the results of the calculations is shown in Drawing 15. The runout was calculated
using runout indices and ary 5-model. For explanation see Appendix A.

An avalanche from starting area 12 will have to have a rumout 13 to pass the plateau at
Nedri-Botnar. This corresponds to a runout angle of about’24tkch is abouir — 0.5 - 0. An
avalanche with- = 14 will pass the plateau and almost reach the sea.

An avalanche from the bowl above Ytri-Dagmalabotn will have to have a runout of about
r = 15 to reach the settlement.

The Austrian avalanche model SAMOS was applied to evaluate the direction of avalanches
from the starting areas and the lateral extent of avalanches. The results are described by Témas
Jéhannessoet al. (2002). These indicate that a catastrophic avalanche released from a large part
of the starting zone above Ytri-Dagmalabotn may reach the settlement.

4.4 Grakambur
4.4.1 Topographic description

South of Botnabrun and Nedri-Botnar there is an approximately 350 m high slope called Grakam-
bur (Figure 4). The area can be seen on Maps 1 and 8 and longitudinal sestégrsléaa,
segr 16aa andsegr 18aa) are shown in Drawings 19-21.

Above Grakambur there is a large plateau, Hadegisbotnar, and above the plateau the mountain
reaches up to about 1000 m a.s.l. The investigated area reaches 1.1 km to the south from the brook
Dagmalaleekur to a small unnamed brook. Through the middle of the area runs the river Hadegisa
or Ytri-Hadegisa. A characteristic of the slope are three main, and some smaller rockbands which
interrupt the slope and divide it into steps. Between these rockbands is weathered material partly
covered with vegetation. The uppermost rockband, which is a dike, starts at about 260 m a.s.l. in
the north and rises to about 340 m a.s.l. in the southern part. This rockband is on average 10-20m
high and above it the slope has a lower inclination, mostly less thars@®nly small parts of the
area above the cliffs can be considered to be a potential starting area. Between the rockbands a lot
of loose material has accumulated. The average inclination of these areas is 4bout 35
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Starting areas

With respect to inclination most of the area between about 320m a.s.l. and down to 100 m a.s.l.
can be considered as a potential starting area. However the release of an avalanche in the whole
starting zone is unlikely and therefore smaller areas which are thought to be more favorable for
avalanche release are delineated. Those areas are labelled 24-28 on map 8.

The aspect of the area is northwest.

Starting area 24 is in the northernmost part of Grakambur. It starts at 105m a.s.l. and reaches
up to 170m a.s.l. The upper border of the starting area is marked by a high rockband. The width
of the area is 300 m and the area is 2.2 ha. The average inclinatioh is 34

Starting area 25 is above the uppermost rockband and below the plateau. It starts at 250 m a.s..
and reaches up to 320 m a.s.l. The average inclinatiorf islB2he upper part is somewhat more
level, with an average inclination of 28 The area is slightly convex with an average width of
about 180 m. The area is 2.5 ha. To both sides of the area the slope inclines less and thus this is the
only area above the dike that is considered to be a potential starting area.

Starting area 26 is north of the river Hadegisa. In this area the slope is more even than further
to the north. Therefore the potential starting area is thought to start above the lowest rockband at
180 m a.s.l. and reach up to the dike at 280 m a.s.l. The average inclinatiéntise3&rea is 180 m
wide and 3.4 hain size. Itis somewhat difficult to determine the northern boundary of the potential
starting area.

Starting area 27 is between Hadegisa and the small unnamed brook in the south. The potential
starting area is considered to be located between the lowermost and uppermost rockbands. The
roughness increases gradually to the south where the slope is more interrupted. The lower boundary
of the area is at 160 m a.s.l. and reaching up to 345m a.s.l. The area is 350m wide and 8.7 ha in
size. The average inclination is?34r'he area is unconfined.

Starting area 28 was delineated without field investigation based on inclination. The area is
intended to give an indication of the maximum extent of avalanches by two-dimensional calcula-
tions. The lower boundary of the area is at 200 m a.s.l. and it reaches up to about 370 m a.s.l. The
width is about 800 m and the area is 17.6 ha.

Track

The track starts extends down to thdine which is located at 20-40 m a.s.l. depending on the
location within the area. The inclination decreases gradually, except for some small steps and
rockbands.

Runout area

The runout area starts at theine and continues all the way down to the valley bottom. The upper
part is formed by many overlapping debris cones. Itis rather flat, mostly lessthlmssuniform

and covered with grass. There is no settlement in the area. No signs indicating recent avalanches
can be seen in the area.
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4.4.2 Climatic conditions

At the elevation of the starting area the wind can be expected to blow mostly along the valley
and therefore large snow accumulation in the starting area is unlikely. Snow accumulation from
southeast is also unlikely due to topographic conditions. Most of the snow coming from southeast
will tend to accumulate higher in the mountain and furthermore the inclination decreases rather
gradually from the plateau above and down to the starting area.

4.4.3 Chronicle

One slushflow is recorded in the area, shown on Map 4 and summarised below:

Number Description

Time

Runout index

4023 A slush avalanche from the Hadegisé creek is reported to have reached
21.2.1904 the river Fjardara at the valley bottom.

15.2

4.4.4 Assessment

As mentioned above avalanches are not expected to start over the whole area, not even in all of the
smaller areas defined as starting areas. Due to climatic conditions large snow accumulation in the
area is unlikely and the potential snowdepth in the starting areas is not high. Small avalanches of
size around 10 thousand'reeem to be possible although the frequency of such events is assumed
to be low.

4.45 Model estimates

Map 8 shows the results of model calculations and the profiles used for the calculations. The
profilessegr 14aa, segr 16aa andsegr 18aa and the results of the calculations are shown

in Drawings 19-21. The runout was calculated using runout indices and//@model. For
explanation see Appendix A.

The Austrian avalanche model SAMOS was applied to evaluate the direction of avalanches
from the starting areas and the lateral extent of avalanches. The results are described by Témas
Jéhannessoet al. (2002).
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45 Debris flows, rockfall, slushflows and torrents

In addition to dry and wet snow avalanches, there is a danger of debris flows, rockfall, slushflows
and torrents on the south side of Seydisfjorour. Hazard zones for this area with respect to slides
other than dry and wet snow avalanches were delineated based on a landslide chronicle, geomor-
phological mapping of loose materials, an estimate of the volume of loose materials in potential
source areas for debris flows, modelling of the volume debris flows and the runout of rockfall, and
an estimate of extreme torrents in the watersheds of the mountainside.

4.5.1 General guidelines for the hazard zoning

Hazard zones in Iceland shall according to the hazard zoning regulation of July 2000 (Ministry
for the Environment, 2000) take into account hazard due to debris flows and other landslides,
rockfall and torrents in addition to snow avalanches and slushflows. Guidelines for hazard zoning
with regard to such processes have been formulated by IMO (Témas J6hannesson and Kristjan
Agustsson, 2002). The guidelines attempt to formulate a zoning procedure where the delineation
of hazard zones reflects the risk that people are exposed to due to the respective events.

The principle problem encountered in this type of hazard zoning is how to treat the risk in areas
where neither the landslide chronicle nor geological investigations directly indicate an impeding
danger to the settlement. Another problem is the widely different probability of death for people
that encounter the different types of events. It is, for example, clear that the torrents pose a much
smaller risk to the lives of people than snow avalanches. Thus, the probability or return period
corresponding to a set value of acceptable risk is widely different for the different events.

According to the guidelines, the landslide chronicle and geological investigations are first used
to identify potential areas of high risk where the danger of catastrophic landslide events may be di-
rectly inferred from such investigations. The delineation of hazard zones with regard to the results
of these investigations cannot be formulated beforehand and must be subjectively determined by
the experts performing the zoning.

It is assumed that hazard zones with regardbtifall will typically be of type A (the lowest

risk zones), except in special circumstances where the danger of rockfall is judged very high. It
is recommended that the hazard line with regard to rockfall is drawn where the return period of
rockfalls is on the order of 50-100 years. This return period should reflect an area of the size of a
building or a typical lot on which a building stands. This location may be estimated by a statistical
or a dynamical rockfall model. The model should be calibrated to reproduce the runout distance
corresponding to observed loose rocks below source areas of rockfall that have fallen during the
last decades or century.

The avalanche chronicles of Eskifjérour and Faskrudsfjorour in eastern Iceland indicate some
danger ofslushflows and wet snow avalanchesm unconfined, relatively featureless mountain-
sides with slopes down to 20Under such circumstances, the guidelines generally recommend the
delineation of hazard zone A down to level terrain below the slope.

The avalanche chronicles of Seydisfjordur, Eskifjordur and Faskrudsfjorour also indicate that
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slushflows and debris flovp®se a threat to human lives in essentially all paths of rivers and brooks
in mountainsides with slopes higher than 10=2he guidelines propose the following classifica-
tion of such paths.

1. A well confined path of a river or a brook such that a landslide may be expected to be
largely limited to the course of the river. A less powerful part of it may overflow the banks
and spread into nearby areas. The area of the watershed of paths in this class is on the order
of 10-30 hectares up to and over 100 hectares and extreme floods may range from a few
m?/s up to tens of is.

2. A partly confined path of a river or a brook where landslides do not follow a predeter-
mined direction and may take different directions when they enter the endangered area. The
area of the watershed and the size of extreme floods is similar as in class 1.

3. A gully or the path of a small brook which may be dry for a part or most of the year.
The watersheds of these paths are smaller than in the first two classen,the order of a
hectare or a few hectares, and extreme floods are on the order’¢d amress.

The guidelines propose that type C hazard zones will in general be delineated for the centre
parts of paths of class 1, type B hazard zones will be defined for the wide paths of type 2 and type
A hazard zones in areas affected by paths of type 3. A delineation of watersheds and an estimation
of extreme floods in the main rivers and brooks of the mountainside is recommended as a part of
the preparation of a hazard zoning for paths of this kind.

In some areas there is a dangedebris flowsoutside of the courses of rivers or brooks that
are classified above. Unless there are special indications of high danger, such debris flows are
considered to be much less dangerous than snow avalanches. The guidelines propose that the
hazard line with regard to debris flows in such areas corresponds to a return period of several
hundred yearsi.e. a much shorter return period than for snow avalanches but longer than for
rockfall.

According to the guidelines, river floods should only be considered in steep paths where there is
a danger of debris flows or slushflows. General river flooding problems are not to be considered as
a part of the snow- and landslide hazard zoning according to the Icelandic hazard zoning regulation
of July 2000.

Hazard zones on the south side of Seydisfjorour were delineated on the basis of the ideas
described above. In spite of these rough guidelines, much is left to the subjective judgement of
the experts responsible for the hazard zoning. The final result is intended to reflect the risk that
landslides pose to the local population in a nominal sense, but it can clearly not be considered to
be the result of an exact statistical computation.

4.5.2 Geological investigations

An overall description of the geology of Seydisfjordur, including a detailed description of the main
debris flow paths and an evaluation of the debris flow activity in each of them, is given by Porsteinn
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Table 6. Accumulated precipitation over 1, 2, 3, and 5 day perioflg,(Fz4, FPs4 09 Psy) with a

return period” (1, 2, 5, 10, 20 og 50 years) at the meteorological station Seydisfjordur (station
615) for the time period 1961-1996.

T Pig Pag Psqg Psg

1 72 103 122 150
2 87 124 146 177
5 106 151 177 213
10 120 171 201 240
20 134 191 224 267
50 153 218 255 302

Saemundsson and Halldor G. Pétursson (1999).

A geomorphological mapping of loose materials and an investigation of landslide hazard for the
south side of Seyadisfjordur was carried out by Esther H. Jensen and Thomas Sénser (2002). Their
report summarises the landslide chronicle of Seyadisfjordur by Halldér G. Pétursson and Porsteinn
Seemundsson (1998). In addition to an overview investigation and mapping of the whole area, they
investigated the paths bo6faleekur and Budard in detail. They estimated the volume of loose ma-
terials in potential source areas for debris flows in these paths and modelled the volume of loose
materials that might be released as debris flows under different conditions. The investigated condi-
tions included short intensive precipitation events and prolonged precipitation periods that extend

for several days. They also modelled the runout of rockfall for several characteristic longitudinal
sections in the Botnabrun area.

4.5.3 Extreme precipitation intensity

Extreme accumulated precipitation in Seydisfjorour over 1, 2, 3, and 5 day periods has been anal-
ysed by Témas Johannesson (2001) and the results are given in Table 6. These results were used

by Esther H. Jensen and Thomas Sénser (2002) in their analysis of debris flows and torrents from
poéfaleekur and Budara.

In an analysis of debris flows and torrents from small watersheds it is necessary to obtain an
estimate of precipitation intensity on much shorter time-scales than one day, which is the shortest
time window given in Table 6. Maximum intensity over a time periodin minutes) shorter than
a day may according to Pall Bergpdrsson (1968, 1977) be estimated by Wussov’s formula as

Iz, = Ly - (1/1440) - /T, - (2880 — T.)

where I,y is the 24 hour intensity (in mm) with an appropriate recurrence intee/gl,50 or
100 years. The highest return period given in Table 6 is 50 yearsF;halue for Seydisfjorour

corresponding to a return period of 100 years was estimated by Esther H. Jensen and Sénser (2002)
to be 172 mm.
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Table 7. Runoff coefficients' for different types of catchments.

Type of surface C

Concrete and asphalt  0.75-0.95
Brick covered surfaces 0.70-0.80

Bare bedrock 0.60-0.80
Gravel roads 0.30-0.70
Cultivated fields 0.05-0.25
Meadows, parks 0.10-0.20
Forested areas 0.05-0.15

45.4 Extreme torrents from the main watersheds

Extreme flood discharges were estimated for the watersheds of rivers and brooks on the south
side of Seydisfjorour in order to provide a comparison with the results of Esther H. Jensen and
Sonser (2002) for bofaleekur and Budara. This estimate was based on a methodology that is used
by the Icelandic Public Roads Administration for the calculation of design floods for culverts and
bridges for small watersheds (Helgi J6hannesson, personal communication). According to this
methodology, an extreme flood from a small catchment may be estimated as

Qs=C-Iy. - A

where@, (m*/s) is the flood discharge;, is a runoff coefficient/ is the precipitation intensity
over the time of concentratiof. for the catchment and is the catchment area. The time of
concentratiorY.. is estimated with the Kirpich equation

T.=10.0078 - (3.28 - l3/h)0'770

wherel and/ are the length and altitude range of the watershed, respectively. The value of the
precipitation intensity over the time of concentratibnwas computed from Wussov’s formula
based on an estimate of the extreme precipitation with a return period of 100 years as described
above.

The runoff coefficients are roughly estimated from the guidelines given in Table 7. At the
Icelandic Public Roads Administration, the val(le= 0.4 is used for steep, sparsely vegetated
hillsides of the type encountered in Seydisfjérour.

The runoff per unit areg, = @, /A in units of m/s/kn? is computed as a part of the flood
discharge computations. This is often on the order of IGMnY in computations of this kind
in Iceland. Values much above 10 are sometimes considered “unrealistically high” based on sub-
jective judgement and the limited available flood discharge measurements in small watersheds in
Iceland.

Increase of precipitation with altitude in mountainous terrain is usually not explicitly taken into
account in flood discharge computations of this kind. Snowmelt is also not considered although
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Table 8. Watersheds and extreme floods from the main watersheds on the south side of Seydis-
fiordur. For each watershed the table specifies the leingkim), the surface ared (kni), the alti-
tude rangeh (m), the estimated extreme flo@d (m?/s) and the runoff per unit are@, (m?/s/knt).

Gully/watershed 1 A h Qx ax

Imslandsgil 14 0.12 818 21 17
Strandargil 1.3 0.12 708 2.2 18
pofalaekur 1.4 024 763 39 18
Haedarlaekur 1.7 0.27 796 4.2 15
Hormungarlaekur 1.2 0.17 554 28 17
Skuldarleekur 15 0.17 662 26 16
Stodvarleekur 1.7 0.17 697 25 15
Bloara 22 133 745 17.0 13
Nautaklauf 16 036 544 53 15
Dagmaélalaekur 22 167 765 21.4 13

Small brook west of Dagmalaleekur 1.9 0.21 628 2.8 14
Small brook east of Ytri-Hadegisa 1.1 0.07 452 1.1 17
Ytri-Hadegisa 3.1 2.83 817 304 11

this may be expected to add some water to the floods if an extreme precipitation event occurs over
snow covered terrain. The runoff coefficient may to some extent be considered an effective value
taking such effects into account in a very rough way.

The above formulae were applied to 13 catchments in Strandartindur, Botnar and Grakambur
in southern Seyadisfjordur, using a 100 year one day precipitation of 172 mm. The results are given
in the Table 8.

The values of the runoff per unit areaare all above 10 Afs/kn? which is generally consid-
ered quite high as mentioned above. After some consideration it was decided to accept these results
and not reduce, to 10 as is sometimes done. For small, steep watersheds of the kind encountered
here, the runoff per unit area tends to be larger than in larger watersheds and using these high
values may be considered as taking snow on the ground and precipitation gradient with altitude
in the rather high lying catchments into account in a crude way. The resgliingay, thus, be
considered to be quite high values. They should nevertheless be, within a factor of 2, say, similar
to flood discharge values that are used in engineering applications in similar watersheds in Iceland.

4.6 Conclusion

In most of the area below Grakambur the delineation of hazard zones is based on the avalanche
hazard. Taking into account that no avalanches are recorded in the area and that the starting zones
are not favourable for snow accumulation, the boundary of the category A hazard zone is located
at runout index of 13-14. An exception of this is Hadegisa as discussed below.
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Based on the guidelines described above and the compilation of geological and hydrological
information about the area, hazard zones of type C are delineated far into the bottom of the valley
along the paths of the main rivers Ytri-Hadegisa, Dagméalalaekur and Budara that have watersheds
of over 1 knt. A type C hazard zone is also delineated along the path of Stédvarlaekur where large
debris flows have fallen according to the debris flow chronicle.

Atype B hazard zone is delineated below Nautaklauf which has a much smaller watershed than
the abovementioned three main rivers.

The hazard zones between these largest paths are mainly determined by potential snow av-
alanches, but the danger of rockfall and debris flow also influences the hazard zoning between
Dagmalaleekur and Nautaklauf, near Budara on the western (southern) side and between Stédvar-
leekur and Buoara.

Most of the delineated starting areas in Botnabrin are very small and hardly steep enough for
the release of dry slab avalanches. Below most of the zones no houses are thus located in the
category C hazard. An exception to this are areas 13 and 14 which are among the largest and partly
formed as shallow depressions. Many houses are located too close to the slope and are in category
B and A hazard zones.

It is possible that avalanches released in the starting zones above Ytri-Dagmalabotn can reach
the settlement. Such avalanches would only fall under exceptional conditions and the risk associ-
ated with these events is considered to be minimal.

Below pofi, from Hormungarleekur to Imslandsgil, snow avalanches and debris flows from
Imslandsgil, P6faleekur and Haedarleekur, and also from Hérmungarleekur and Skuldarleekur im-
mediately to the east of Pofi, are known to have reached the lowland or beyond the shoreline. The
hillside bears clear marks of rockfall and movement of loose materials. A part of the road along
the shore and buildings in the area are constructed on landfills or on areas where space has been
made for constructions by digging into the hillside. Snow avalanche modelling indicates that snow
avalanches released from the starting zones in the upper part of the hill need not to be confined
to the gullies and may flow directly over the edge of Péfi between poéfaleekur and Haedarlaekur.
A recent discovery of long fresh cracks at 120-140m a.s.l. in P6fi indicates extensive movement
of thick loose materials in this part of the mountainside (Esther H. Jensen, 2001). Such move-
ment may lead to a sudden slide from the edge of P6fi during periods of intensive precipitation
and consequent high pore pressure in the loose materials near the edge. Fresh cracks indicating
an impending danger of such slides were indeed observed at 85-95m a.s.|. east of Haedarleekur
in the fall of 2001 after an intensive rainfall period (Esther H. Jensen, 2001). In the area east of
Skuldarleekur, a hazard zone of type C is delineated into the sea due to these various hazardous
snow and landslide processes that endanger this area.

The uncertainty of the hazard zoning for the south side of Seydisfjordour is considered to be
medium to high (1-2). The uncertainty of the assessment that all the area below Pdfi is in the
category C hazard zone is low.

The hazard zoning proposal is shown on Map 9.
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5 Conclusion

Most of the settlement in the northern part of Seydisfjordur is within the boundaries of hazard
zones. Although a relatively small proportion of the houses is located within the category C hazard
zone itis still important to increase the safety in the area by permanent protection measures.

South of the river the situation is better and a large core of the settlement at the head of the
fjord is outside the boundaries of hazard zones. In spite of that, there are many houses located too
close to the slope and thus in the hazard zones. Few houses are located in the category C hazard
zone.

Along the coast towards the east the number of houses in the category C hazard zone increases
and to the east of Budara all houses are in a hazard zone. At the industrial area below P6fi one of
the principal employers in Seydisfjordur, SR fish meal factory, is located in a category C hazard
zone. In that area there is both snow avalanche and landslide hazard.

A new harbour area is being developed on a landfill outside the hazard zones. This will permit
a development of commerce in a “safe” area.

There are various uncertainties that have to be dealt with in hazard zoning for Seydisfjordour. To
strengthen the basis of future hazard zoning project it is necessary to monitor environmental factors
related to avalanches and landslides. The monitoring will also be valuable for the execution of
emergency evacuations, which are necessary until permanent measures have been taken to increase
the safety of the inhabitants.
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A Technical concepts and notation

a-angle: The slope of the line of sight from the stopping position of an avalanche to the top of the
starting zone (see Figure 5).

(-angle: The slope of the line of sight, from the location in the avalanche path where the inclina-
tion of the slope is 1Q to the top of the starting zone (see Figure 5).

a/-model: A topographical model used to predict avalanche runout or to transfer avalanches
between paths. The model uses thangle to predict the-angle of the longest recorded
avalanche in a given path. The model was first derived by Lied and Bakkehgi (1980). The
version of the model used in this project was derived by Témas Jéhannesson (1998a, 1998b)
using data on 45 Icelandic avalanches. The formula of the model is

a=085-8, o=22°

whereo is standard deviation of the residuals from the model. It is customary to denote an
avalanche with an-angleno lower than the predicted-value as an avalanche with runout

of a — no and conversely + no if the a-angle is higher than given by the above equation.
Note that as the-angle is lower the runout is longer, and therefere o corresponds to an
avalanche with a longer runout distance than

PCM-model: A one-dimensional physical model used to simulate the flow of avalanches. The
model has two parameterg, a Coulomb friction coefficient, and\//D, an inverse drag
coefficient. It was developed by Pedaal. (1980).

Runoutindex: The runout measured in hectometers of an avalanche that hagsrbasferred
(Sven Sigurdssost al., 1997) to thestandard pathmaking use of some transfer method.
The runout index is in this report is obtained by using the PCM-model with parameters lying
on a predefined parameter axis. An avalanche that has a runout indgebs oéferred to as
an avalanche with = r,. The method was developed by Kristjan Jonassta. (1999).

F.,(Fi3): The expected frequency of avalanches with a runout index greater or equa).tfidre
value Fi3 is most often used, i.e. the frequency at the runout index 13.
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Figure 5. The standard path. The-angle is the expected runout angle of an avalanche according
to thea/3-model.
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B Maps

Map 1. An overview of Seydisfjorour and the boundary of the investigated area (A4, 1:25000).
Map 2. Recorded avalanches in the northern part, Bjélfur (A3, 1:10 000).

Map 3. Recorded avalanches in the southern part, Strandartindur (A3, 1:10 000).

Map 4. Recorded avalanches in the southern part, Grakambur (A4, 1:10 000).

Map 5. A hazard map for Seydisfjordur from 1992 (A3, 1:10 000).

Map 6. Results of model estimates in the northern part, Bjolfur (A3, 1:10 000).

Map 7. Results of model estimates in the southern part, Strandartindur (A3, 1:10 000).

Map 8. Results of model estimates in the southern part, Grakambur (A4, 1:10 000).

Map 9. Proposed hazard zoning for the investigated area (A3, 1:10 000).
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C Climatic data

Summary statistics: Temperature, wind and precipitation

The following abbreviations are used:

t: temperature®°C), tx: maximum temperaturéC), tn: minimum temperature’C),

f. wind speed (m/s)ix: maximum wind speedg: gust speed (m/s); precipitation,rx: maxi-
mum 24 hour precipitatiorgvg: averageAWS: Automatic weather statiori. Observations miss-
ing.

Seyaisfjéraur (AWS), no. 4180, 92m a.s.l., 856'N 14°00°'W (1997-2001)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) 0.8 —1.2 -1.6 0.3 5.2 6.5 9.7 9.9 7.6 4.2 2.0 0.4 3.7
min(tn) -138 —15.3 -—17.4 —11.7 —5.8 -2.1 2.2 2.8 -1.3 -6.5 —10.0 -149 -174
max(tx) 14.6 13.6 15.8 13.8 20.7 21.6 24.8 21.8 21.9 16.7 21.4 15.8 24.8
avg(f) 5.9 6.3 5.3 3.7 3.8 3.6 2.9 2.9 4.0 3.9 4.8 5.3 44
max(fx) 25.4 22.6 28.5 23.5 22.0 20.7 20.0 19.8 20.0 18.1 24.1 20.5 28.5
max(fg) 53.3 41.6 43.7 49.7 46.8 37.4 27.7 27.8 32.8 34.3 43.9 44.7 53.3

Dalatangi (AWS), no. 4193, 10 m a.s.l., 8%6’N 13°34'W (1997-2001)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) 1.6 0.0 -0.6 0.7 4.2 5.5 8.1 9.0 7.7 4.9 3.1 1.6 3.8
min(tn) —-10.9 —14.7 —14.7 —8.0 —5.7 -1.7 2.8 3.8 0.0 -2.9 7.7 —11.4 -14.7
max(tx) 19.6 15.3 15.3 14.5 18.6 22.2 23.9 22.1 18.2 14.9 23.2 13.2 23.9
avg(f) 6.3 5.9 5.4 5.0 4.7 4.9 4.2 4.2 5.4 5.5 5.8 6.3 5.3

max(fx) 27.1 28.0 23.7 19.3 23.3 19.0 14.7 18.7 21.9 18.8 26.1 23.7 28.0
max(fg) 45.1 38.0 43.5 27.4 29.6 31.1 29.3 21.9 35.7 27.6 45.7 36.8 45.7

Gagnheidi (AWS), no. 4275, 949 m a.s.l., 6B3'N 1416"W (1997-2001)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) —5.4 -7.7 -7.7 —5.3 -0.7 1.1 5.0 5.1 1.8 -1.9 —4.1 —5.6 -2.1
min(tn) -19.2 -22.7 -239 -16.1 -—1238 —-9.4 —-3.4 -2.8 -7.8 -—128 -—16.5 —21.1 —23.9
max(tx) 7.3 6.3 9.4 10.3 11.7 15.8 17.8 19.6 12.9 9.4 12.1 9.3 19.6
avg(f) 12.2 12.0 9.6 8.8 8.3 6.6 6.3 5.3 9.6 9.4 11.2 11.2 9.2
max(fx) 54.2 48.1 43.3 34.4 30.2 33.6 24.6 26.2 43.2 38.1 54.7 44.7 54.7
max(fg) 67.3 65.9 58.7 40.4 37.4 37.3 29.8 32.7 47.4 45.2 67.6 58.0 67.6

Neskaupstadur (AWS), no. 5990, 50 m a.s.l., BB)'N 1340'W (Nov 1997-2001)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) 1.3 —-0.4 -1.0 0.6 6.0 7.0 9.6 9.9 7.9 5.1 2.6 1.3 4.2
min(tn) -119 -14.3 -—144 -10.1 -2.8 —-1.4 0.0 2.0 -0.7 -5.0 -10.5 -131 —144
max(tx) 17.0 12.8 15.6 13.9 20.4 23.5 25.5 21.9 19.3 16.1 20.8 15.1 25.5
avg(f) 4.5 4.7 4.1 2.8 2.7 2.6 2.4 2.5 3.1 3.6 3.7 3.8 34
max(fx) 26.8 25.1 21.9 15.4 13.3 15.5 12.8 14.6 18.1 17.6 23.2 18.7 26.8
max(fg) 47.8 48.7 43.8 32.2 32.1 29.6 28.3 22.0 28.2 39.6 41.0 43.1 48.7
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Oddsskard (AWS), no. 34087, 520 m a.s.l., 88N 1454'W (1997-2001)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) -1.6 -3.8 —4.1 -1.9 2.5 4.3 8.0 8.2 5.1 1.6 -0.5 -1.9 1.3
min(tn) —-15.0 -—185 —185 —12.6 -85 —5.5 0.4 0.7 —-4.3 —-8.7 -12.8 -163 —18.5
max(tx) 12.6 9.5 14.5 11.6 15.1 18.2 21.6 21.3 17.0 12.7 15.9 11.0 21.6
avg(f) 6.4 7.2 5.9 4.2 3.8 3.7 3.2 3.4 4.7 5.1 5.5 5.5 4.9
max(fx) 38.2 33.1 39.8 20.3 26.3 23.6 19.5 19.4 25.2 24.7 39.3 26.6 39.8
max(fg) 55.4 42.7 62.0 42.4 48.3 48.7 32.1 34.2 44.2 45.3 56.3 49.7 62.0

Fjaroarheidi (AWS), no. 34175, 600m a.s.l., 635'N 14°14"W (1997-2001)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) —3.2 —5.5 —5.7 -3.1 1.3 3.4 7.7 7.8 4.6 0.4 -1.9 —3.4 0.2
min(tn) -19.6 —20.3 -—239 -—194 -9.8 —6.5 -1.3 -0.2 —-4.8 -11.9 -182 -19.3 -23.9
max(tx) 10.0 7.4 9.5 8.4 14.4 18.8 20.7 22.2 16.2 10.4 13.8 12.0 22.2
avg(f) 9.0 9.2 7.5 6.1 6.0 5.0 4.8 4.9 6.4 6.2 7.4 7.4 6.7

max(fx) 37.7 29.9 28.2 21.7 20.9 21.1 18.4 18.7 29.9 24.2 30.6 29.5 37.7
max(fg) 46.7 41.8 41.5 32.0 28.2 27.1 22.9 24.4 38.1 30.4 41.8 39.4 46.7

Seydisfjordur (climatic station), no. 615, 3 m a.s.l., 635'N 14°00'W (1971-2000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) —-0.4 -0.1 0.3 1.7 5.0 7.8 9.9 10.0 7.1 4.0 1.2 -0.2 3.8
min(tn) —-180 -—15.6 —18.0 —12.6 —8.4 -3.5 1.0 0.0 —5.7 -9.9 -15.0 -175 —18.0
max(tx) 17.5 16.0 15.4 21.0 21.5 26.6 28.0 27.0 25.0 22.0 20.7 18.0 28.0
avg(f) 4.3 4.3 4.3 3.9 3.3 3.4 3.0 3.4 3.8 3.8 3.8 4.3 3.8
max(fx) 26.7 30.8 26.7 22.6 26.7 22.6 19.0 30.8 26.7 26.7 30.8 30.8 30.8
avg(r) 224.4  157.1  168.7 97.9 72.0 62.0 64.6 85.1  155.0 206.1  172.0 187.3 1631.8
max(r) 4447 4439 4446  222.0 204.2 2229 195.2 256.6  384.2 524  336.3 515.0 2494.9
max(rx) 110.8  140.6  114.8 78.2 68.0 61.6 94.6 108.0 1379 1286 120.8 135.3 140.6

Dalatangi (synoptic station), no. 620, 9m a.s.l., 856’'N 13°34'W (1971-2000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) 0.5 0.6 0.5 1.4 3.7 6.2 8.2 8.7 6.9 4.5 2.2 0.8 3.7
min(tn) —-155 —11.5 —16.3 -9.7 -74 -1.9 1.5 2.9 —-1.4 —5.7 -9.7 —15.4  -16.3
max(tx) 18.8 18.1 14.1 17.3 20.5 21.4 23.5 25.1 25.8 23.5 22.7 16.6 25.8
avg(f) 7.0 6.5 6.5 5.6 5.2 4.8 4.6 5.0 5.8 6.1 6.3 6.8 5.9
max(fx) 31.4 31.9 36.0 25.2 26.8 22.6 25.2 23.1 29.3 33.9 31.9 31.9 36.0
avg(r) 146.1  110.3  124.7 85.6 86.5 81.1 99.7 1156 177.2 195.2 150.0 127.6 1499.6
max(r) 2745 2655  250.5 191.3  227.2  249.3 311.3 480.5 353.2 5044 261.8 325.2 19854
max(rx) 83.5 73.3 65.9 70.9 68.4 73.9 149.3  104.0 159.8  200.0 85.9 55.4 200.0

Neskaupstadur (climatic station), no. 625, 29 m a.s.l., 8'N 13°40'W (1975-2000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
avg(t) 0.0 0.2 0.5 1.8 4.9 7.9 10.0 9.8 7.1 4.2 1.8 0.5 4.1
min(tn) -15.6 —12.8 —166 —11.9 -71 -2.6 0.6 1.1 —-4.1 —-8.8 -10.8 -—14.0 -16.6
max(tx) 16.0 13.3 14.0 20.1 21.2 24.7 27.4 25.2 24.5 21.7 20.2 14.3 27.4
avg(f) 3.8 3.6 3.7 3.8 2.8 2.6 2.2 2.4 2.8 3.1 3.0 3.6 3.1
max(fx) 26.8 30.8 26.7 22.6 19.0 15.4 15.4 22.6 22.6 26.7 30.8 30.8 30.8
avg(r) 205.3  154.6  182.6 96.6 84.4 74.5 81.8 104.5 187.7 269.1 1976 1755 1820.9
max(r) 4285 2839 3559 261.1 221.6 291.6 236.7 3709 390.9 577.2 4747 3622 2183.7
max(rx) 115.6 59.4 115.4  103.8 88.1 98.4  186.1 96.3 125.2 154.4  185.9 105 186.1
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Precipitation in Seydisfjorour (AWS), no. 4180

Monthly precipitation, mm

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec Year
1995 30
1996 113 133 32 200 87 65 36 46 95 277 91 120 1296
1997 68 128 62 28 18 72 58 118 153 254 140 90 1188
1998 327 62 49 58 28 38 33 24 296 129 232 228 1505
1999 205 42 122 69 72 51 23 42 279 180 27 86 1198
2000 88 144 65 57 20 20 8 66 171 222 270 173 1303
2001 156 110 147 91 45 26 39 150 91 457 42 72 1426
1996-2001 | 160 103 20 84 45 45 33 74 181 253 134 114 1319
Maximum 24 hour precipitation, mm
Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec Year
1995 15.5
1996 206 22.5 6.6 80.2 59.3 26.6 9.0 205 23.1 74.3  30.9 559 80.2
1997 16.3 406 153 11.8 55 11.7 14.3  20.9 42.0 87.9 16.0 39.2 87.9
1998 43.9 13.8 114 189 141 11.7 5.6 55 119.4 475  47.8 67.1 1194
1999 58.7 11.7 33.6 25.0 28.9 9.9 9.3 202 101.1 38.2 7.1 17.4 101.1
2000 246 223 223 10.1 5.5 6.4 2.2 226 53.1 35.8 57.9 36.2 57.9
2001 37.9 257 31.3 19.0 129 14.3 9.9 61.2 40.7 153.6 127 17.8 153.6
1996-2001 | 58.7 40.6 336 0.2 59.3 266 143 61.2 1194 153.6 579 67.1 153.6
Maximum 1 hour precipitation, mm
Jan Feb Mar  Apr May  Jun Jul Aug Sep Oct Nov  Dec Year
1995 4.0
1996 7.7 11.3 2.2 38.1 7.0 3.7 3.0 7.3 121 6.4 4.7 11.3 38.1
1997 7.9 4.3 6.7 5.1 1.6 3.5 3.6 5.1 6.8 10.4 4.4 57 10.4
1998 9.8 4.9 2.6 6.6 1.8 2.7 2.0 2.3 9.6 5.9 54 10.0 10.0
1999 6.7 2.5 55 10.1 4.5 2.9 2.6 2.2 244 8.3 1.2 3.9 244
2000 5.5 3.0 2.8 2.8 2.5 1.6 0.8 4.3 4.7 5.5 6.9 4.5 6.9
2001 3.3 4.8 3.5 2.3 2.4 2.2 2.3 8.1 52 16.6 2.3 2.8 16.6
19962001 | 9.8 11.3 6.7 38.1 7.0 3.7 3.6 8.1 244 16.6 6.9 11.3 38.1
Wind roses

Wind directions in Sey8isfjérdur, climatic station

Period 1984-1997
N

SSE

s - - - - Obs. with precipitation, 25%
Al observations, 14058

Wind directions in Seydisfjordur, climatic station
Winter (November—April), 1984-1997

NNW. NNE

- - - Obs. with preciptiation, 26,7%
All observations, 7060
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Seydisfjordur, AWS 4180 Seydisfjordur, AWS 4180, November—April
Frequency of wind direction (%), 1.1.1996 - 31.12.2001. Frequency of wind direction (%), 1.1.1996 - 31.12.2001
Total no. of obs.: 52641 N

Total no. of obs.: 34961 N

Calm: 2,2% Calm: 1,8%

A-RASRErera AR IR A S S A AANARAEARARANRE
Wind direction (°) -

Wind direction (°)

Seydisfjordur, AWS 4180 November—December Seydisfjéraur, AWS 4180
Frequency of wind direction (%), 1.1.1996 - 31.12.2001

Frequency of wind direction (%),
N 4.1.1996 - 31.12.2001, November—April
Total no. of obs.: 15185 Total no. of obs: 6844 N
Calm: 2,0%
)
AV
8,9%W :,} ‘ E
)
il
Seydisfjordur, AWS 4180
" Frequency of wind direction (%),
Conditi 18.1.1996 - 30.12.2001, November-December.
temperature <= 1 . ‘

Total no. of obs.: 1829 N

Average wind speed
(No. of observations)

Wind speed >= 10 m/s S
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Frequency of Wind Directions, %. November-April 17.1.1994 - 7.11.2000
Dala tangi, observations with precpitation and temperature < 1°.

Frequency of Wind directions, %. November-april 17.1.199%4-7.11.2000.
Gagnheidi, observations with precipitation and temperature < 1° at Dalatangi.

Awerage Wind Velocity for Wind Directions, m/s
)

(Number of obser\ations

Awerage Wind Vebciy for Wind Directions, m/s

(Number of ob servations)

Wind Directons (°)

Frequency of Wind Diredions, %. November-Apri 14.11.1995 - 7.11.2000.
Oddsska rd, observations with precipitation and temperature < 1° at Dalatangi.

Frequency of Wind Diredtions, %. November-Apri 14.11.1995 - 7.11.2000.
Fjardarheidi, observations with precipttation and temperature < 1° at Dalatangi.

Awerage Wind Velocty for Wind Directions, m/s
( )

Number of observations]
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C.1 Snow cover in Seyaisfjorour

Average snowdepth, cm

Maximum measured snowdepth, cm

Oct Nov Dec Jan Feb Mar Apr | Oct Nov Dec Jan Feb Mar Apr
1993/1994 39 70 68 72 53 128 91 89
1994/1995 24 34 65 122
1995/1996 27 41 4 28 6 41
1996/1997 26 29 54 71 31 45 27 29 41 70 105 47 61 28
1997/1998 17 20 47 20 39 54
1998/1999 12 50 67 55 65 59 15 54 88 64 79 74
1999/2000 50 64 75 135 35 66 94 127 156 46
2000/2001 28 89 0 35 53 36 105 62 62

Average snow cover, %, in Seydisfjorour
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C.2 Monthly accumulated precipitation in Seydisfjorour, mm

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
1936 195.1 1089 186.4 43.3 85.3 46.8 48.4 79.3  155.3 49.5 89.7 38.4 1106.0
1937 299.3 2344 42.9 83.1 110.1 20.5 82.9 70.8  256.2 83.7 71.0 122.6 1478.0
1938 161.6 69.2 63.4 12.3 29.5 65.4
1957 77.9 88.0 108.2 89.9
1958 169.6 82.2 82.4 67.1 37.1 21.0 81.3 1349 210.1 57.6 286.9 1270.0
1959 74.0 120.6 191.3 66.8 59.7 80.0 50.9 103.2 54.1 131.6 468.7 350.4 1751.0
1960 136.0 205.0 117.1 104.6 66.5 32.2  161.0 6.1 26.5 72.4 467.8 368.6 1764.0
1961 259.4  106.2 71.7 200.2 108.8 84.2 26.5 104.1
1962 150.0 46.8 105.5 102.9 37.9  221.0 43.2 60.9 152.5 2559 74.4 90.7 1341.7
1963 2.3 104.8 226.1 239.4 104.5 125.6 72.8 37.6 42.1 133.2 1255 67.7 1281.6
1964 31.7 124.8 112.8 61.7 251.9 122.3 39.4 111.6 84.2 12.9 73.4 118.2 11449
1965 151.6 9.0 74.4 87.5 128.0 146.8 31.6 52.1 41.5 59.3 116.6 124.1 1022.5
1966 171.2 1399 111.8 97.8 73.2 77.5 44.5 86.9 137.3 103.1 59.7 154.1 1257.0
1967 220.4  231.7 1384 58.2 173.1 38.9 81.9 16.6 44.3  258.2 81.9 88.4 1432.0
1968 90.0 1345 118.7 31.7 27.7 79.5 33.7 72.5 168.2 281.6 339.8 97.8  1475.7
1969 360.1 69.7 55.6 45.4 17.0 79.2 1114 56.2 30.8 109.8 169.9 2264 1331.5
1970 408.4  230.4 88.3 54.6 63.8 7.9 148.2 49.6 148.5 2653 162.2 81.4 1708.6
1971 184.8 110.3 1659 131.6 128.3 39.1 59.3 120.5 82.4 123.1 107.2 126.0 13785
1972 378.2 188.6 222.2 171.5 154.2 2229 52.5 42.4 95.0 189.9 204.4 515.0 2436.8
1973 188.6  119.0 60.9 174.2 42.2 26.0 32.0 76.3  131.2  112.2 1152 134.4 1212.2
1974 444.7  443.9  216.0 49.0 86.5  124.4 94.0 190.4 317.6 90.9 207.4 230.1 2494.9
1975 330.8 67.4 83.8 107.4 23.2 25.1 108.5 19.0 118.3 76.1  134.2 52.5 1146.3
1976 91.0 1459 323.8 69.9 150.9 73.5 7.3 12.6 469.1 2586 115.3
1977 360.0 109.8 176.3 222.0 36.8 21.1  118.7 47.3 56.1 422.6 1489 111.2 1830.8
1978 305.6 194.9 444.6 10.7 16.2 52.6 172.1 70.9 101.7 94.6 170.8 298.2 1932.9
1979 133.8 123.3 49.2 73.9 131.1 23.2 42.5 40.8 133.9 147.1 1779 253.5 1330.2
1980 100.8 98.5 107.8 40.9 49.2 134.4 53.0 37.4 1324 1875 71.0 96.6 1109.5
1981 71.2  149.6  232.1 44.3 41.2 52.3 58.9 101.4 344.2 263.0 297.4 183.6 1839.2
1982 181.9 250.1 143.8 35.4 97.3 8.6 544 133.2 1654 408.5 153.6 171.9 1804.1
1983 140.0 79.6 116.9 130.3 115.0 58.6 33.2 33.4 106.0 427.8 134.3 123.3 14984
1984 269.9 143.2 89.7 52.2 10.7 38.3 23.0 37.8  262.6 154.6 259.8 2282 1570.0
1985 64.8 46.7 106.0 166.6 99.2 28.1  112.0 241.1 71.3 68.4 123.8 256.4 13844
1986 322.9 16.8 2375 166.5  204.2 23.8 40.8 23.1 48.4 78.7 264.5 325.1 1752.3
1987 55.0 169.6  160.3 45.2 11.0 77.3  106.0 25.6 384.2 175.5 114.8 110.3 1434.8
1988 224.2  155.2 68.4 129.3 94.8 11.5  195.2 256.6 259.3 95.5 90.2 71.3  1651.5
1989 154.0 250.3 261.6 124.8 106.1 63.9 237.2  214.8 1348 70.2  150.9
1990 355.0 304.1 151.0 57.4 9.2 44.0 52.5 53.2 150.8 276.7 139.8 115.4 1709.1
1991 228.8 149.5 421.0 111.0 78.8 4.1 40.6 31.0 103.2 305.2 2232
1992 43.9 1955 181.6 109.0 77.1 29.1 65.1 201.0 236.2 1294 269.3 193.2 1730.4
1993 269.5 46.7 91.1 159.2 114.1 124.8 68.9 41.8 21.2 34.4  166.0 326.7 14644
1994 4159 193.8 146.6 66.6 44.0 123.6 30.4 168.8 57.5 79.5 182.6 214.4 1723.7
1995 236.5 139.7 197.9 66.2 63.0 99.9 36.8 30.0 43.5  524.0 50.5 53.2 1541.2
1996 147.6  186.3 54.8 134.5 26.7 114.8 30.6 56.0 111.8 345.4 116.0 156.8 1481.3
1997 143.6  194.2 108.0 41.5 21.0 86.3 59.1 1244 1454 198.4 211.0 166.2 1499.1
1998 414.8  117.0 113.2 74.5 25.7 37.7 36.7 25.8 255.6 153.9 312.3 333.8 1901.0
1999 337.2 80.9 183.4 106.4 83.1 63.1 20.7 28.4 337.0 176.6 47.2  120.8 1584.8
2000 136.6 241.2 1454 63.5 18.7 27.6 11.6 49.4 148.9 2394 336.3 197.5 1616.1
2001 212.1  163.9 1944 133.3 64.0 41.1
maximum | 444.7 443.9 444.6 239.4 251.9 2229 195.2 256.6 492.0 524.0 468.7 515.0
minimum 2.3 9.0 42.9 10.7 9.2 4.1 11.6 6.1 12.6 12.9 47.2 38.4
max24hr | 110.8 1406 114.8 78.2 86.7 108.5 107.6 108.0 137.9 1286 1322 135.3
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D Profile drawings

Drawing no. Profile ID Avalanche path

1 seha2laa  Skagi, south of Drottningarlaekur

2 sehal9aa  Skagi, near Langitangi

3 sebj33aa  Bjolfur, between Jokugil and Falkagil

4 sebj36aa  Bjolfur, upper starting area, above Fjérour

5 sebj3laa  Bjolfur, upper starting area, through Kalfabotn and Hlaupgja
6 sebj3lca  Bijolfur, Kalfabotn and Hlaupgja

7 sebjdlaa  Bjolfur, Liverpool

8 sebj4d4aa  Bjolfur, Flatafjall

9 sebj48aa  Bjolfur, Nautabas

10 sest09aa  Strandartindur, Strandargil

11 sest08bb  Strandartindur, Pofi

12 sestléaa  Strandartindur, south of Haedarlsekur

13 sestO5ca  Strandartindur, Skuldarlaekur

14 sestO5bb  Strandartindur, between Skuldarleekur and Stodvarleekur
15 sestllaa  Strandartindur, uppermost starting zone in Efri-Botnar
16 sebh02aa Botnahlid, south of Budara

17 sebhl0aa Botnahlid, between Nautaklauf and Dagmalalaekur
18 sebhllaa Botnahlid, north of Dagméalalaekur

19 segrldaa  Grakambur, south of the settlement

20 segrl6aa  Grakambur, Hadegisa

21 segrl8aa  Grakambur, south of Hadegisé
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