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One of the main goals of the merger of the Hydrological Service,
HS, and the Icelandic Meteorological Office, IMO, was to improve
the capabilities regarding monitoring, warnings and emergency
response due to natural hazards. Prior to the merger, IMO already
had geo hazards under its mandate. The central strategy of the
merger was integration, integration for the benefits of end-users
and society as a whole. The strategy was applied to various tasks
within the new institution: In IT services, operation of measurement
networks, hydrological-, meteorological-, climate- and earth
research. The strategy was also used in all monitoring and 24/7
surveillance of natural hazards including forecasting and warnings.
The events of the past year demonstrate the success of the strategy.
IMO now provides more comprehensive services at lower cost;

and regarding trust and goodwill of the Icelandic public, IMO

rates at the top.

The events in Bardarbunga and Holuhraun have clearly demon-
strated the value of an integrated approach to natural hazards.
There was a potential for hazards due to volcanic ash, due to
melting of ice with consequential jokulhlaups and impacts on
infrastructure and population. Less worry was concerning lava flow,
but the emission of volcanic gasses was far in excess of expectation
and caused the greatest impacts on the public. Integration and
co-operation in the monitoring and surveillance of earth, water
and air showed its strength and was in particular very helpful in
the provision of gas-distribution forecasts for the public. All divi-
sions of IMO contributed to the effort which was carried out in
close co-operation with the University of Iceland and the Civil
Protection in Iceland, with great backing from our ministry and

the government.

It is not enough to strengthen monitoring and surveillance of natu-
ral hazards. It is also essential to carry out systematic assessment of
the risks to society. Such a risk assessment does not only govern the
response of the Civil Protection in Iceland, but also governs land use
and mitigation strategies and measures. Furthermore, it dictates the
level of monitoring and surveillance as well as the level of measures.
Last year IMO was commissioned to continue with its risk assess-
ment of volcanic activity, but also to start risk assessments due to
storm surges. IMO has now for almost 30 years carried out systemat-
ic risk assessment on avalanches, in particular snow avalanches, so
there is expertise for carrying out such an integrated approach to
the risk assessments of natural hazards.
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International co-operation is fundamental for successful delivery of
our services. Iceland is a founding member of WMO and also full
member of the European Meteorological Infrastructure. There is also
a long standing formal co-operation between the Nordic Met Ser-
vices that is continuously increasing. The focus is now very much on
services for aviation, numerical weather prediction and high power
computing. As a part of this development, IMO and the Danish
Meteorological Institute, DMI, have signed a co-operation agree-
ment on research and the operation of the next supercomputer of
DMIin IMO’s premises. The partners are going to work together on
climate studies, Arctic studies, development and operation of the
Harmonie model and other topics of mutual interest. The benefit to
IMO is substantial since DMl is a very strong Met Institute with a
strong research- and operational culture from which we have bene-
fitted for a number of years. A joint forecasting area over Iceland
and large part of Greenland will be one of the products of the
co-operation and will improve our forecasting and warning services.
The computer will be installed in our facilities which are up to the
best standards for quality and security. This co-operation has been
based on the interest and strong support of both the Danish and
the Icelandic governments and for this we are grateful. In this part-
nership we are not only taking progressive steps for the two insti-
tutes, but also for the Nordic Met community and maybe also inter-
nationally, because such a partnership is quite unique and will
provide experiences that will be of value for others.

The strategy of integration demands the co-operation of staff as
well as efficient communication and trust. Two of the values of IMO
are therefore co-operation and reliability.

This does not only apply to the internal communication but also

to our partners outside of the institute, both at the national level

as well as internationally. All this developed progressively during
several large scale events in Iceland, starting with the eruption of
Eyjafjallajokull in 2010. Consequently the trust that society and the
public have in our capabilities and activities has increased. | would
like thank all the staff of IMO, who worked together with endurance
and integrity to lay the foundation for such trust.

Arni Snorrason
Director General
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Bardarbunga

Monitoring Bardarbunga

Rifting events, as in Bardarbunga 2014-2015, are rather rare and can
be part of a rifting episode that lasts months, years or even decades.
One example of a rifting episode on land is Iceland’s Krafla fires in
1975-1984. Whether the Bardarbunga event is the beginning of a
prolonged episode or not, is yet to transpire. But at least the exten-
sive monitoring of this rifting event makes it quite unique.

An intense earthquake swarm began in the Bardarbunga caldera on
16 August 2014. During the next two weeks, a magma intrusion
formed a 49 km long dyke in the upper crust. It migrated from the
caldera to Holuhraun, where a fissure eruption commenced at the
end of August. This eruption is the largest in Iceland in over 200
years. The progression of the rifting occurred in sequences of varia-
ble rates and was off and on accompanied by low-frequency tremor.
This tremor was presumed of volcanic origin, particularly after the
appearance of four cauldrons above the dyke. Shortly after the
earthquake swarm began, the Bardarbunga caldera began to sub-
side, totalling over 60 m. The rate of subsidence decreased slowly
and terminated at around the same time as the eruption, on 27 Feb-
ruary 2015.

In the case of a volcanic eruption beneath ice, the need for inter-dis-
ciplinary action and teamwork is crucial for efficient monitoring.
Since the beginning of digital monitoring in the early nineties, there
have been six volcanic eruptions beneath glaciers in Iceland. Moni-
toring capability, data interpretation and communication have ad-
vanced with these events. In addition, before the unrest, a variety of
new instruments were installed around the Vatnajokull ice cap by
collaborators in the research project Futurevolc.

Scientists followed the course of events closely.
Photo: Sigurlaug Gunnlaugsdottir.
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Pdlmi Erlendsson, Bergur H. Bergsson and others installing GPS and com-
munication equipment. Photos: borgils Ingvarsson and Benedikt G. Ofeigsson.

During the period of unrest, the Department of Civil Protection and
Emergency Management met regularly with scientists to discuss the
situation and obtain the most recent information on the ongoing
events: the eruption status, possible hazards and likely scenarios.
Earthquake and ¢GPS data processing enabled real-time monitoring
of the rifting. At the start of the dyke intrusion, new updated models
of the dyke volume were presented at these meetings near daily.
The rapid growth of the dyke called for a quick response; additional
seismic and GPS stations needed to be installed for enhanced moni-
toring of the intrusion. After careful consideration, a GPS instrument
and accelerometer were installed in the centre of the Bardarbunga
caldera to closely monitor the subsidence. Additionally, seismo-
graphs specially designed for use on glaciers were installed. During
regular monitoring flights, changes in the glacial surface were re-
corded and important data on the deformation of the caldera ac-
quired.

The real-time monitoring and interpretation of geophysical data
were made accessible to the public via the internet. Both automatic
and manually checked earthquake locations were displayed on
maps, updated every five minutes. Also, cGPS time series were
mapped showing deformation in the area.



The magma intrusion from Bardarbunga
to the eruption site at Holuhraun and
related tremor pulses

Increased earthquake activity has been observed in the Bardar-
bunga volcano since 2005. Relative relocations (high-resolution
locations) of earthquakes show that they are mainly restricted to
an area north of the Bardarbunga caldera and within the fissure
system that extends north to Kistufell.

An abrupt increase in earthquake activity at the northern rim of the
Bardarbunga caldera and within the fissure system to the north was
recorded in the early hours of 16 August 2014. The activity migrated
from the caldera towards the southeast; then took a sharp turn to
the northeast, reflecting a 49 km long horizontal magma intrusion.
A short-lived eruption occurred on 29 August. Two days later on 31
August, another more powerful eruption began farther to the north
which lasted until 27 February 2015.

There were periods when the magma stopped migrating, when
tremor pulses lasting several hours were observed at seismic sta-
tions in the area. The character of the tremor was very similar to that
of tremor recorded at IMO during previous eruptions when magma
interacted with ice. A few days after these pulses, cauldrons were
observed in the ice above the dyke, verifying the hypothesis of small
eruptions under the glacier. At the same time, GPS data showed ex-
pansion of the dyke.

The magma intrusion was a significant rifting event located in Ice-
land’s northern volcanic zone. Horizontal displacements were re-
corded at GPS stations, the largest up to 1.3 m at stations at about
15 km from the dyke, on either side of it. Rifting directly above the
dyke was therefore probably a few meters.
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An interactive 3D model of the earthquakes during the magma
intrusion. The different colours represent the activity in time from
16 August to 12 September.

During the magma intrusion, intense earthquake activity related to
subsidence of the Bardarbunga caldera was located at the caldera
rim. Over 70 earthquakes above magnitude 5 occurred in the first
four months after the onset of the rifting event. They were shallow,
low-frequency and had unusual focal mechanisms. At the end of
2014, this activity had decreased significantly and since the end of
February 2015 only small earthquakes have been recorded in the
area.

Photo: Elin Bjérk Jénasddttir.
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Monitoring gas emission and
environmental impact

The aerial monitoring of the eruption at Holuhraun has been set up
by using various remote sensing and in-situ instruments: cameras,
satellites and radars have been useful real-time monitoring tools to
follow the evolution of the ongoing eruption; DOAS, MultiGAS and
FTIR have been used for estimating the SO? flux and the plume
composition; precipitation sampling and pH measurement have
been maintained for monitoring the environmental impact due to
the abundant gas release. Some of the operated instrumentations
(i.e. Infra-Red camera, DOAS, MultiGAS) have been available thanks
to the European project Futurevolc.

The eruption plume has been, in certain atmospheric conditions,
visible on the C-band operational radar located in the East of Ice-
land. An X-band mobile radar was moved within about 25 km of the
eruption site, providing higher resolution radar imagery, and it was
removed before the onset of harsh winter conditions.

Three scanning Differential Optical Absorption Spectrometers
(DOASes) capable of streaming data in almost real-time have been

Baldur Bergsson, Arni Snorrason and Amy Donovan measuring
gas at Holuhraun. Photo: Hermann Amgrimsson.

The map shows the likelihood at a specific location, that the hourly
ground concentration of SO’ will exceed a threshold of 2600 ug/m’ dur-
ing summer season. The colour scale shows different values (likelihood
smaller than 1% has no colour associated).

installed less than 15 km from the fissure. Two of them have provid-
ed the longest data time series. Traverses with a car-mounted DOAS
have been made along the ring road, down-wind from the eruption,
when conditions were favourable. These data was examined so that
the uncertainty in the results from the scanning instruments could
be constrained and the scanning DOAS measurements scaled ap-
propriately. Preliminary SO? emission rates in the first months of the
eruption have been estimated, in average, 900 kg/s. Plume compo-
sition measurements were made by FTIR, MultiGAS and DOAS dur-
ing multiple campaigns early in the eruption.

IMO is collecting precipitation samples at ~20 meteorological
observation sites. IMO performs the estimation of pH and amount
of sulphates and other pollutants (HF, HCI) to identify potential are-
as affected by acid rain. These samples are then analysed in cooper-
ation with the University of Iceland. The lowest values in pH have
been detected in the south of Iceland with the lowest value at Bor-
gir (pH3.18). The highest concentration of SO* and F content has
been measured at Litla-HIid in Skagafjérdur and Hjardarland in
Blaskdgabyggd.

Numerical modelling of gas dispersal

Forecasting of the volcanic gas dispersion has developed rapidly
since the onset of the eruption. The CALPUFF dispersion model was
set up in early September to produce hourly forecast of SO? concen-
tration at the ground. The meteorologists on duty produced gas dis-
persion forecasts twice a day and issued both a text forecast as well
as a forecast map indicating where levels of ground concentration
of SO? might have exceeded health limits.

The CALPUFF model has also been used to produce probabilistic
hazard maps for SO? concentration at ground. The maps have been
produced using a wind statistics based on 10 years. The final prod-
ucts have been adopted by the Civil Protection for the definition of
the restricted area around the eruption site.
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Rockslide in Askja

In the evening of 21 July 2014 a large rockslide oc-
curred in Askja, which descended into the caldera
lake (Lake Oskjuvatn). The slide was released from
the southeastern caldera wall, triggering a tsunami
in the lake that washed up on the lakeshores all
around the lake, reaching up to 20-30 m elevation
above the water level. The wave travelled farthest
around 400 m (horizontally) into the flatland SE of
the crater Viti. Fortunately, the rockslide occurred
late at night and no one was at the lake. A few
hours earlier, travellers who were on the shore
might not have been able to escape.

The rockslide appeared as shallow tremor on IMO
seismographs near Askja and the data show that
the slide was released at around 23:24. The slide
created seismic waves that travelled around most
of Iceland in roughly one minute. The waves were
picked up by most of the IMO seismic network; sig-

[1] The rockslide area four hours before the slide occurred. The outline of the slide is indicated in
the picture. Photo: Armann Héskuldsson 21.7.2014. Drawing: Jén Kristinn Helgason.
[2] A photo taken three days after the rockslide. The outline of the slide is indicated in the picture.

nals were clearest at the nearest stations, but only
the lowest frequencies were picked up at seis-
mometers farthest away.

There were no eyewitnesses to the slide, but members of a search-
and rescue team saw a white plume rise up above Askja at 23:27.
The steam plume was created when the slide exposed shallow geo-
thermal areas in the release area. In addition, a dust cloud created
by the rockslide may have contributed to the plume.

The release area of the rockslide is approximately 800 m wide and
350 m above the lake surface. It may have been a“rotational slide
movement’, which means that the failure surface of the slide is con-
cave. The volume of the slide is roughly estimated 30-50 million m?,
however, the estimation may change when further measurements
and analyses have been carried out, especially on the part that is in
the lake and regarding the depth of the sliding surface. If the bot-
tom of the slide reaches below the lake bottom, the total volume of
material that moved may be a lot more.

The water level of Lake Oskjuvatn rose 1-2 m after the rockslide. The
rise of the water level will be measured precisely because it gives in-
formation on the volume of the slide. Bubbles and muddy plumes
were noticed in Viti after the slide, most likely due to subsurface in-
flow of water after the water level rose in Oskjuvatn.

Askja consists of 3-4 calderas. The youngest one hosts Lake Oskju-
vatn and was formed over a period of 30 years after an eruption in
1875. Before that, Oskjuvatn did not exist and, therefore, the rims of
the caldera are geologically a very young area. Such slopes are more
unstable than slopes in older landscape. It is clear from geological
evidence that rockslides similar to the one that fell in July 2014 have
been released before from the rims of Askja, although people have
not noticed them.

Photo and drawing: Jon Kristinn Helgason, 24.7.2014.

Further rockslides in Askja should be expected within the next years
or decades. Consequently, travel near the lake is associated with a
certain risk. A person by the lake that notices a landslide should
move immediately up the hill and away from the lake. It takes a tsu-
nami wave about 1-2 minutes to travel across the lake and sound
takes about 10 sec to cover that distance. A large rockslide is needed
to cause a tsunami of a similar size as the one in July 2014, smaller
slides may cause smaller waves and a small slide would hardly cause
any wave, even though the noise may be considerable.

Photographs from the rockslide area over time indicate that consid-
erable movement had started before the slide was released. Slow
movement in the bedrock seems to have accelerated in the summer
of 2014. There was deep snow in the mountains and fairly warm
weather before the slide occurred. Percolating water from the melt-
ing snow may have increased the rate of movement. Seismic data
indicate that a sudden movement occurred around 40 minutes be-
fore the slide, but at 23:24 the failure point was reached and the
rockslide was released.

- Width of fracture line: 800 m

« Vertical drop: 350 m

- Run-out length beyond the lake shore: ~1000 m

+ Volume: ~30-50 million m?

- Estimated duration of the slide: 20 seconds according to
seismographs

- Travel time of tsunami across the lake: 1-2 minutes
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ICEWIND - Icing

During the years 2010-2015, the Icelandic Meteorological
Office took part in a research project aimed at wind energy
in cold climates (i.e., ICEWIND - Improved Forecast of Wind,
Waves and Icing), which was funded by the Nordic Top-level
Research Initiative Norden.

An important part of the project were resource assess-
ments, to which aim a wind atlas was prepared for the land
area of Iceland, as well as for the near coastal ocean. A ma-
jor complicating factor for effective wind energy production
in cold climates is icing on wind turbines and power lines
and distribution systems. Therefore, methods were devel-
oped and improved, to estimate the local occurrence and
spatial distribution of icing over the Icelandic land area, to-
gether with tools to provide icing forecasts based on nu-
merical weather simulations.

Harmonie - customized numerical
weather forecasts

The Icelandic Meteorological Office (IMO) has taken part in
the development of operational numerical weather fore-
casts since the early 1990s, starting with the collaboration
in HIRLAM (High-Resolution Limited Area Modelling). Be-
ginning in the middle of the last decade, a new project was
begun, to combine the best features of HIRLAM and the
French Arpege model. The result is Harmonie, which has
become the basis for weather forecasts in many European
countries.

IMO began testing Harmonie in the autumn of 2011, and
has continuously run the model since 2012. Since the mid-
dle of 2014, it has been the main operational forecasting
model. However, for comparison, HIRLAM is still being
used.

At the boundaries, Harmonie uses the coarse-resolution
operational forecasts from the European Centre for Medi-
um-Range Weather Forecasts (ECMWF). Additionally, sta-
tion data are used to ensure that model simulations remain
close to the measured state of the near-surface atmos-
phere.

Starting this year, an improved surface cover description
will be implemented in the model. In addition, the model
domain will be increased. Both changes should result in
improved weather forecasts.
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Weather forecast at the start of the volcanic eruption in the Holuhraun
lava field (1 September 2014). In addition to standard weather param-
eters (such as precipitation, temperature, and wind), Harmonie also
simulates snow accumulation, runoff, evaporation, and more.
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The weather in Iceland 2014

The year 2014 was warm for most of the year, precipitation was
abundant and the sunshine duration during most of the summer
was considerably below average.

The temperature was unusually high. At the northern coast and in
most of the eastern part of the country it was the warmest year ever
recorded, e.g. at Grimsey (northern coast, measurements extending
back to 1874) and at Teigarhorn (eastern coast, measurements start-
ing in 1873). In other parts of the country, the year was generally
the second or third warmest in the record. Relatively it was coldest
in the Vestfirdir peninsula (West fjords) where it was the fifth warm-
est in the measurement series.

In spite of the high temperatures the weather was changeable and
often dull. The first months of the year were especially wet in the
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north and east and the weather was difficult. In the west it was very
dry at the same time, with favourable weather conditions. The sum-
mer was warm and considered fine in the north and east but in the
south it was wet and dull. The autumn was fine, November extraor-
dinarily warm, but the year ended with an unruly and rather cold
December.

IMO field hydrologists participated in a 5 days long ADCP workshop
(acoustic Doppler current profiler) at Sveriges Meteorologiska

och Hydrologiska Institut (SMHI) in Sweden.The main focus was

on ADCP river discharge measurements, site selection and post
processing, but also covered salt dilution method for discharge
measurements and technical solutions in the hydrometry network.
Photo: Stina Nyman.

Participants at the annual meeting of the Futurevolc project,
held 23-27 September 2014. Photo: Ingveldur Bjérg Jénsddttir.
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. Statement of accounts for the year 2014

Income
Grants and donations

Public service
Other income

Fees
Wages and related expenses

Office and management fees

Conference, travel and training expenses
Contracted service
Operation of equipment
Other operational expenses
Housing expenses
Vehicle expenses

Transference between institutions

Depreciation and purchase of assets

Financial income

State contribution

Principal amount at the beginning of the year
Operating results for the year

Principal amount at the end of the year

Division of income

Funds for avalanches

12%

(Deficit) Surplus of the year

Road construction
2%

(Deficit) Surplus for financial income

(Deficit) Surplus for state contribution

International
air traffic
54%

2014
835.932.732
231.583.895

55.444.288

1.122.960.915

1.269.515.241
65.501.698
79.877.271
137.213.046
63.413.485
124.480.188
113.887.230
22.408.135
12.961.702

1.889.257.996

110.923.759

2.000.181.755

(877.220.840)

(16.501.116)

(893.721.956)

863.821.000

(29.900.956)

IMO in figures

46.547.420
-29.900.956

16.646.464

« Over 600 stations in operation
« 5 offices, including the headquarters in Reykjavik
« 136 staff and 91 additional surveillants
« Employment cost is 63 % of total cost

« 65% of staff are male

2013
811.069.889
322.712.878

61.465.854

1.195.248.621

1.166.624.658
74.483.129
86.221.201
131.913.414
64.352.602
126.977.887
116.458.659
15.539.739
12.888.091

1.795.459.380

116.603.120

1.912.062.500

(716.813.879)

(25.482.569)

(742.296.448)

720.300.000

(21.996.448)

68.543.868
-21.996.448

46.547.420

« 41% of administrators are female
« 43% of IMO income are grants
« 64% of non-governmental income is due to international projects

Energy
14%

Education in percentage of the total number of staff

Research
15%

Primary education  University degree  Ph.D.; doctorate

Male 21% 42% 16%

Other
3%

Female 20% 44% 18%
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Marianne Thyrring, Director General, Danish Meteorological
Institute (DMI) (left), and Hafdis Karlsddttir, Deputy Director
General of IMO, signed on 12 November 2014 a General Agreement
on research and weather services. IMO accepted to host DM's
supercomputer, with access to operate it according to DMI's needs
and requirements. DMI will deliver a model setup for Numerical
Weather Prediction (NWP) covering Iceland, Icelandic waters and
part of Greenland. Photo: Vigfus Gislason.

Other research contributions

Birta Lif Kristinsddttir (2014). Atmospheric conditions during two
weather related aircraft incidents in Iceland and elements of the
climatology of windstorms. 90 ECTS thesis submitted in partial
fulfillment of a Magister Scientiarum degree in Physics. Advisors:
Haraldur Olafsson, Gudrin Nina Petersen. External examiner: Olafur
Rognvaldsson. Reykjavik: Faculty of Physical Science, School of Engi-
neering and Natural Sciences, University of Iceland, 107 s.

Crochet, Philippe (2014). Probabilistic daily streamflow forecasts
based on the combined use of a hydrological model and an
analogue method. Skyrsla Vedurstofu islands 2014-006, 68 s.
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