OBSERVATIONS OF PRECIPITATION IN SVARFAÐARDALUR, NORTH-ICELAND
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Abstract: Precipitation is an important factor for estimation of avalanche hazard. A pilot project on avalanche hazard
mapping in rural areas in Iceland was started in 2005 in Svarfaðardalur. In connection with this project, precipitation
was observed in a dense network during the summer of 2006. Forty automatic rain gauges were placed with 3 km
intervals in the complex terrain of Svarfaðardalur. Large precipitation gradients were observed and the pattern is highly
dependent upon wind direction. The connection between precipitation patterns and winds will be helpful for avalanche
forecasting and the data will be useful for validation of numerical weather forecasts.
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1. INTRODUCTION
To investigate the variability of precipitation in the complex terrain of Svarfaðardalur, North-Iceland,
forty automatic rain gauges were installed in the summer of 2006. This area was chosen to follow up the
pilot project in avalanche hazard mapping in rural areas in Iceland which started in 2005 in Svarfaðardalur
(Brynjólfsson et al., 2006). A high resolution weather forecast (HRAS) is calculated four times a day with
the MM5 model for the area with a horizontal resolution of 3 km. The rain gauges where placed at the model
gridpoints to facilitate a comparison with the numerical simulations. Three automatic stations were installed
next to precipitation gauges from Veðurstofa Íslands (The Icelandic Meterological Office, VÍ) which have
been in operation in all seasons for several years. A detailed study of the precipitation pattern obtained in
different weather situations and a comparison with the time series from the VÍ-stations is expected to be
helpful to predict the precipitation pattern during situations of avalanche hazard. The dataset presented here
will therefore hopefully be helpful both to validate the numerical weather forecasts as well as to estimate
avalanche risk in the rural areas of Svarfaðardalur.
2. HIGH-RESOLUTION NETWORK OF PRECIPITATION OBSERVATIONS
Svarfaðardalur valley is oriented NNE-SSW. It carves into the Tröllaskagi peninsula from the fjord of
Eyjafjörður. At about 12 km away from the coast the valley splits into two valleys. The area is formed by
many valley glaciers and the terrain is therefore quite complicated. The mountain heights vary from about
700 m to 1445 m.a.s.l. and there are still small glaciers in most of the subvalleys. The mean annual
precipitation during 1991-2000 was 546 mm at Tjörn, some 5 km inland in Svarfaðardalur but 919 mm at
Kálfsárkot 8 km inland in Ólafsjörður (fig.1)
Automatic data logging rain gauges with a tipping bucket were used for this study (HOBO). One tip of
the bucket occurs for each 0.2 mm of rain. These loggers are easy to transport only weighting 1.2 kg and they
are so small that one man is able to carry seven of them. About half of the rain gauges were within a distance
of 300 m away from roads but the rest at different elavations and at some distance away from roads. The
most extreme one was at 1100 m.a.s.l. about 10 km away from the road. In total it took about 70 km of
walking to visit all the loggers. It was planned to start observing in the spring as soon as the winter snow
would melt. The first loggers were installed on 21 May, but then the weather changed to northerly winds and
a lot of snow accumulated all over the area. Therefore, the last logger where in place as late as on 16 June.
The loggers were placed on the ground with rocks and turf around them preventing them to blow away.
When choosing locations for the rain gauges care was taken that no obstacles within 10 m from the gauges
should stick up more than 1 m above the ground. All the stations were visited at least once during the
summer for data collection. In the autumn the weather stations were taken down. Most of the rain gauges
were down before 27 October. When controlled in the middle of the period, data collection at eight of the

Figure 1: Left: An automatic rain gauge in the field. On 14 June it was still hard placing some rain gauges in correct
positions in the 3 km observation net because of snow. Right: A map of North-Iceland showing the position of the rain
gauges and the weather stations used in this study.

rain gauges had been disturbed. They had been interrupted, tipped over or deprived of their cap. This was
most likely done by animals, sheep or horses. In order to prevent this, the loggers were put in place again
and covered with rocks and turf almost up to the cap. Two loggers had some technical failure and were
replaced in August. By examining the data carefully it was in some cases possible to point out the excact
time of interruption and cut out the corrupted data. Furthermore, there were some periods with snow, and
consequently no observations. Some of the data was lost because of these complications.
3. CONNECTION BETWEEN WIND AND PRECIPITATION
An extreme precipitation gradient has been observed in the Svarfaðardalur area during the summer 2006.
A precipitation map was made for the whole summer (Fig. 3) and for shorter periods as well to compare the
precipitation distribution pattern to wind direction and wind speed. Wind data has been retrieved from 4
weather stations (Fig. 1) located 25-55 km away from the observation area. The stations are chosen because
they are in an open area and can be expected to give a reasonably good picture of the wind impinging the
mountain range.
For cases with northerly wind the mean wind speed and mean wind direction are retrieved from the two
stations, Grímsey and Skagatá (fig. 2). The winds are shown with a black arrow in figs. 2 and 4. There is
clearly greatest accumulation of precipitation in the mountains at the north coast and in the mountains on the
eastern boarder of the area. This is where the strongest ascending motion can be expected. Interestingly, the
two most northerly rain gauges on the east facing coast are only at elevations of about 100 m above sea level.
The precipitation fades as we move away from the coast along the valley and is relatively low along the
valley bottom and in the mountains on the south side of the valley. It is interesting that between the observed
maximum and only 9 km further south along the coast, the difference in precipitation is of a factor 16 (Fig. 2
right). There is also a difference of 100% between the two northermost gauges, yet they are only 3 km apart.
Looking at the intensity of precipitation at the observed maximum during the northerly storms which both
have similar wind speed, the NE wind gave 4 mm/hour and the NNE wind gave 3,6 mm/hour. In the NNE
storm, precipitation in the western mountains of Svarfaðardalur was significantly less than in the NE storm
which might be explained by less forced ascending motion on the west side of the walley in the winds from
the NNE.
In figure 4, left, the mean wind from the two inland weather stations, Vatnsskarð and Vaðlaheiði is SW
12 m/s, but in fig. 4 (right), the wind in Grímsey was considered to be most representative. (SE 6 m/s). The
maximum accumulated precipitation was 1.8 mm/hour for the SW storm but 1 mm/hour during the weak SE
wind. The more evenly distributed precipitation in the SE wind may be explained by the low windspeed
leading to therefore less vertical motion at the mountains.

Figure 2: Accumulated precipitation (mm). Left: Period 14.8 13:00-14.8 22:00. Right: Period 27.8 16:00-28.8 10:00.

Figure 3: Accumulated precipitation (mm) during the period 16.6 17:00-10.10 14:00.

Figure 4: Accumulated precipitation (mm). Left: Period 16.6 14:00-16.6 23:00. Right: Period 8.8 4:00-8.8 16:00.

4. CONCLUSIONS
The observations in Svarfaðardalur in the summer of 2006 reveal very strong precipitation gradients and that
the precipitation pattern is strongly dependent upon wind direction, and presumably also upon wind speed.
The observed maximum and minimum accumulated precipitation in Svarfaðardalur were both at an elevation
lower than 150 m.a.s.l. In northerly wind the precipitation was most intensive and the horizontal precipitation
gradient was great. While receiving only 3 mm at the mouth of the valley, a station only 9 km further to the
north at the coast received 48 mm. Overall, the northern coast received most precipitation and the mountains
on the eastern border received quite a lot as well. In SW wind the precipitation was highest in the mountains
to the south of the valley, while in SE winds the precipitation was relatively evenly distributed. The
difference between max and min precipitation during the whole summer was of a factor 5. This is quite
similar to what was observed in the Reykjanes peninsula in SW-Iceland (Rögnvaldsson et al., 2007),
although here, the mountains are typically somewehat higher than in Reykjanes.
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