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Abstract: This paper describes the weather conditions on the NE coast of Sgrkappland
(South Spitsbergen) during August 2005, and considers them in the context of the general
synoptic situation over the North Atlantic. A comparison of local climates features for the
East and West coast of southern Spitsbergen shows that the general atmospheric circula-
tion and direct solar radiation in summer are the decisive factors affecting weather on the
East coast. Foehn effects were observed during the study period. In the East, these were
triggered by the westerly cyclonic situation and, in the West, by the easterly. The differ-
ences in the intensity of foehn effects may be explained by a specific relief of the
Serkappland peninsula.

Key words: Arctic, Spitsbergen, air temperature, air humidity, foehn effects.

Introduction

Despite decades of research, our knowledge of polar climatic system is still
limited (Przybylak 1996). Previous work on the climates of Spitsbergen (NiedZ-
wiedZ 1993; Ferdynus 1997; Nowosielski 2004) has emphasised their great vari-
ability and their control by sea currents. The warm West Spitsbergen Current (Fig.
1) impinges on the western shores of the island and a high positive thermal anom-
aly is demonstrable here (Hisdal 1985). Several settlements and scientific stations
are established here, which is why meteorological studies have previously been
concentrated in the western part of the island. By contrast, the eastern part of
Spitsbergen is dominated by the cold East Spitsbergen Current (Fig. 1). Most of
this area is ice-covered and the climate is harsh. It is also much less accessible,
whether overland, across the mountains of the Spitsbergen interior, or from the
sea, which for most of the year is covered with pack-ice.
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Fig. 1. East Coast measurement point location on Sgrkappland. Abbreviations on the Spitsbergen
contour map: BPS — Baranowski Polar Station, PPS — Polish Polar Station, EC — East Coast.

This work had two main objectives. The first was to determine the weather
conditions on the north-eastern coast of Sgrkappland, north of the former Davis-
laguna Lake represented by the East Coast measurement site, later referred to as
the EC. The second was to compare the weather conditions on East and West
coasts of southern Spitsbergen. The West coast is represented by the well-estab-
lished measurement sites at Hornsund (Polish Polar Station — PPS; ¢ = 77°01’N,
A = 15°33’E, hy = 10.0 m a.s.l.) and Baranowski Polar Station (BPS; ¢ =
77°04°20”N, L = 15°11’30”E, hy = 18.0 m a.s.1.).
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The East Coast study area

The EC measurement point (¢ = 76°58’46”N, A = 17°16’28”E) was estab-
lished in the easternmost part of Sgrkappland, at the foot of the Tvillingtoppen
mountain Massif (530 m a.s.l.), approximately 500 m NW of the former Davis-
laguna Lake, at altitude 47 m a.s.l. (Fig. 1). It is located on a slightly inclined
(3-6°) convex slope with NE exposure, on one side limited by the foot of the
Tvillingtoppen mountain Massif, and on the other by a high and steep cliff drop-
ping to the Barents Sea (Fig. 2). Multi-fraction moraine deposits occur in that area
and cover dead ice which is remain of a larger glacier from the Little Ice Age pe-
riod (Fig. 3). It is also close to Hedgehogfjellet (608 m a.s.l.) and Geologtoppen
(570 m a.s.l.) mountain massifs, which in the east, as at Tvillingtoppen, are in-
clined almost vertically, bordering the narrow coastal accumulation plain. In the
west, they smoothly merge with Hedgehogfonna glacier. This area is one of the
many in Spitsbergen where, since 1900s, rapid glacier recession has been observed
more or less (Jania 1988; Ziaja 1997). In the first half of 20 century, nearby gla-
ciers (Coryellbreen, Bevanbreen, Kambreen) had tongues running into the Barents
Sea. Today they terminate far inland, away from seashore (Ziaja and Ostafin
2005). There is very little vegetation in the area.
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Fig. 2. East Coast measurement point location compared to the relief of the Tvillingtoppen Massif.
Refer to Fig. 1 for the position of this profile.

Methods

The EC meteorological measurements (a Viisila electronic thermohygro-
meter, an extreme-temperature thermometers and a manually operated cup ane-
mometer) and observations were carried out at three standard climatological ob-
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Fig. 3. Panoramic view from the East Coast measurement point on the moraine and the Tvilling-
toppen Massif area.

servation times: 06:00, 12:00 and 18:00 UTC (Coordinated Universal Time) be-
tween August 7 and 21, 2005. Extreme-temperature thermometers were put in a
roofed stone cage 1.5 m above ground level. Visual observations of cloudiness,
cloud genera and wind direction were carried out during the measurements. These
measurements were compared with those recorded simultaneously at the Horn-
sund and the Baranowski Polar Stations (Fig. 1). The PPS is located at the outlet of
the Hornsund Fiord, and the BPS close to the frontal moraine of the Werenskiold
Glacier. By using the synoptic maps (available from the Wetterzentrale website),
the three sets of data were related to the general circulation conditions then prevail-
ing over the North Atlantic.

Weather conditions in the observation period against long-term
averages

While carrying out observations at the EC point, atmospheric circulation
changed three times. Between August 7 and 12, 2005, the island was within the
influence reach of a high-pressure area which moved to over the Barents Sea
from Greenland and North Atlantic. This resulted in rapid and relatively high
changes of all meteorological elements. During this period, there was a preva-
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Fig. 4. Daily air temperature ranges at East Coast measurement point, and Polish Polar Station be-
tween August 7 and 21, 2005.

lence of weak winds with velocities 2—4 ms-! from N and NE and frequent calm
periods. Relatively high air temperature during the initial period (8.1°C) later fell
to 3.2°C. The daily temperature ranges were reduced from approximately 4°C to
less than 2°C (Fig. 4), mostly due to a gradual maximum temperature fall which
resulted from an increased cloud cover (Fig. 5a). Relative humidity remained
within 80-90%, dropping below 70% only twice, during bright intervals (Fig.
5b). There was much variability in the diurnal cloud cover; lower-level clouds
prevailed but clouds at all levels were noted. Occasional hydrometeors occurred
in the form of mists and haze. Much drizzle and rainfall occurred at the end of
this period (Table 1).

During the second period, between August 13 and 16, 2005, an active low
formed over North Atlantic between the Scandinavian Peninsula and Greenland,
and high-pressure centres occurred at the North Pole (Fig. 6a). This brought air
from E and SE to Spitsbergen. A considerable increase of average wind velocities
was observed at the EC point, gusts reaching 15-16 ms~!' (Fig. 7). When the air
flow was from NE, the temperature never exceeded 5°C, and, owing to a general
fall in the maximum temperature, daily ranges were very low (maximum 2°C). Air
humidity was generally high, at around 90% (Fig. 5). Total sky cover with
low-level and Nimbostratus clouds predominated. Heavy rainfall occured in this
period, and visibility was often limited by frequent mist and haze.

During the third period between August 17 and 21, Spitsbergen was in a low
pressure zone. Several low-pressure centres moved in moving quickly from the
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Table 1
Selected results of meteorological observations carried out at the East Coast point between
August 7 and 21, 2005. Symbol definitions: h — hour, T — air temperature, f — relative hu-
midity of air, d — wind direction, V — wind velocity, C — cloudiness, CT — circulation type:
Ka — wedge of high pressure, SWa — south-westerly antycyclonic situation, Ea — easterly
antycyclonic situation, Ec — easterly cyclonic situation, Sc — southerly cyclonic situation,
Cc — center of low pressure, Wc — westerly cyclonic situation, SWc — south-westerly cy-

clonic situation

Day h[UTC] | T[°C] | f[%] d V [m/s] | C[0-8] CT
6 8.1 66 NNE 2 6

7.08 12 75 75 NE 1 8 Ka
18 45 84 E 2 8
6 3.8 89 N 3 8

8.08 12 3.8 86 N 4 8 Ka
18 3.7 79 C 0 7
6 4.6 78 C 0 8

9.08 12 74 75 C 0 4 SWa
18 5.3 86 C 0 5
6 4.0 85 N 2 8

10.08 12 4.8 87 NE 3 8 Ka
18 53 67 ENE 1 7
6 3.5 83 NE 3 8

11.08 12 43 84 S 3 7 Ka
18 3.5 94 S 4 8
6 3.6 78 NE 1 8

12.08 12 3.3 88 N 4 8 Ea
18 3.2 89 NE 5 8
6 3.2 94 NNE 5 8

13.08 12 3.6 95 NE 9 8 Ec
18 3.6 89 NE 10 7
6 3.1 92 NE 11 8

14.08 12 43 84 NE 10 5 Ec
18 4.0 83 NE 5 6
6 2.9 94 NE 13 8

15.08 12 2.6 95 NE 9 8 Ec
18 2.6 94 ENE 6 8
6 24 94 NE 5 8

16.08 12 2.0 89 NE 5 8 Ec
18 2.1 94 NE 4 8
6 2.9 85 S 1 4

17.08 12 4.8 79 0 2 Ka
18 3.0 86 C 0 2
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Table 1 — continued.
Day h [UTC] | T [°C] f %] d V[m/s] | C[0-8] CT
6 4.7 79 NE 1 6
18.08 12 6.6 80 NE 1 7 Sc
18 4.9 80 C 0 5
6 3.5 91 NE 3 8
19.08 12 34 95 NE 4 8 Cc
18 2.8 95 C 0 8
6 5.9 59 W 10 6
20.08 12 5.6 62 SE 5 7 Wce
18 5.6 74 C 0 6
6 5.3 79 C 0 7
21.08 SWce
12 6.8 75 S 5 8

North Atlantic and northern Scandinavia areas to NE (Fig. 6b, c), which brought
about very variable weather conditions. In that days, many fronts were moving
over the island area. Initially, weak north-eastern winds or calms were experienced
in this period. Later in this period (August 20 and 21; Fig. 6d), observations indi-
cated temporary velocity increase in respect of winds from westerly and southerly
directions, 10 and 5 ms~! respectively. Air temperatures was very variable (Table
1). During bright intervals, air temperatures increased quickly during windless
weather, reaching up to 8°C.

On August 20, a foehn-type westerly wind, reaching 10 ms-!led to an air tem-
perature rise to 8.4°C (the highest during observation period). Daily air tempera-
ture ranges were high, in excess of 5-6°C, resulting from a fall in the daily mini-
mum temperature values (1.6°C — lowest value observed on August 20), primarily
from a considerable increase in the maximum values.

On August 17 and 18, the relative humidity of air hovered around 80%, and the
cloud cover fell to 2/8 (Fig. 5); concomitantly, medium- and high-level clouds
were evident. On August 19, there was a total sky cover with Nimbostratus and
Stratus clouds and, during intense rainfall and misty weather, the humidity ex-
ceeded 90% (Fig. 5b). On August 20 and 21, changes in air-mass advection direc-
tion brought about considerable relative humidity reduction (even to <60%) and
cloud cover fluctuations; clouds were observed at all levels.

An atmospheric circulation which is very rare for that season of the year was
observed on Spitsbergen in August, 2005. Usually, during the polar day, anticy-
clonic systems (49.4%) slightly prevail over cyclonic systems (45.5%) (Malik
2005), and normally, during August, there is a rough balance between high and
low pressure situations (NiedZwiedZ 2003). However, in the study period, cyclonic
conditions were dominant (23 days), easterly and south-easterly cyclonic systems
being most frequent (9 days) (NiedZwiedZ 2007). In Hornsund, that usually results
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Fig. 5. Cloudiness at East Coast measurement point and Polish Polar Station (a), and relative humid-
ity of air at East Coast measurement point, Polish Polar Station and Baranowski Polar Station (b)
between August 7 and 21, 2005.

in relatively warm weather with a strong winds, often with accompanying rainfall
(Malik 2005). This atmospheric circulation is rather more typical of the Polar night
than August and was strikingly different from the long-term average (Table 2).



www.czasopisma.pan.pl P N www journals.pan.pl

POLSKA AKADEMLA NAUK

Weather on the East and West coasts of Spitsbergen 131
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Fig. 6. Pressure field maps for August 15 (a), August 17 (b), August 18 (c¢) and August 20 (d).

Table 2

Selected long-term mean climatic characteristics for August at the Polish Polar Station

Hornsund (Source: author’s compilation based on Arazny 2003, NiedZwiedZ 2003, Nowo-
sielski 2004 and Owczarek 2005)

weather element value time period
air temperature [°C] +4.0 1983-2000
annual precipitation [mm] 50.3 1978-2002
barometric pressure [hPa] 1009.0 1991-2000
relative humidity of air [%] 85.0 1971-2000

Weather diversity on the East and West coasts of South Spitsbergen
in various types of atmospheric circulation

Meteorological measurements at the EC were carried out in a meaningful pe-
riod, characterised by a large variability of circulation conditions. They caused the
occurrence of several phenomena. The explanation of them may help in a better
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Fig. 7. Wind velocity (a) and direction (b) at East Coast measurement point, Polish Polar Station and
Baranowski Polar Station between August 7 and 21, 2005.

understanding of the influence of local weather-forming factors. In order to pres-

ent them, data from the EC point were compared with that from the PPS and the
BPS.
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Fig. 8. Air temperature differences between East Coast measurement point and Polish Polar Station
and Baranowski Polar Station between August 7 and 21, 2005.

In the analysed period, foehn effects occurred twice. On the west coast, at the
PPS and the BPS they took place between August 13 and 16, particularly on the two
last days. The easterly cyclonic situation made a mass of humid, cool air move over
Spitsbergen, which resulted in rainfall and drizzle on the east coast, with heavy rain-
fall noted continually on August 15 and 16 (Fig. 6a). Based on synoptic maps and the
noted wind velocity, pressure gradients on those days were evaluated at 2-3
hPa/100km. It was accompanied by a constant temperature decrease and full cloud
cover. On the other side of the southern Spitsbergen mountain barrier, an increase in
temperature was observed. The differences reached above 4°C (Fig. 8). Air relative
humidity on the eastern side oscillated around 90%, while on the western side of the
peninsula it was between 70 and 85% (Fig. 7). What is interesting is the fact that the
foehn effect was much more visible at the BPS point than at the PPS in Hornsund. It
was possibly due to the north-easterly direction of wind. In that case, air reached
Hornsund having crossed a relatively narrow and not high mountain barrier, culmi-
nating at 720 m a.s.1., whereas to reach the front of the Werenskiold glacier, it had to
cross a barrier of more than 1000 m a.s.l., extending over the area of 100 km. That re-
sulted in relative humidity c. 10% lower and temperature even 2°C higher at the BPS
point. Differences in wind velocity on the western coast may be explained by a tun-
nel effect in the Hornsund fiord, hence at its outlet higher wind speeds were re-
corded, and the fiord’s course influenced a change in its direction.

Another foehn development took place on the east coast of Sgrkappland on
August 20, in a westerly cyclonic situation (Fig. 6d). Despite a small pressure gra-
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dient, estimated at 0.5-0.8 hPa/100 km, a strong, northerly wind was observed at
the EC point, with gusts reaching 18 ms-! (Fig. 7). This was accompanied by a
large decrease in relative humidity (to 60%), a decrease in cloudiness and a change
in the type of cloud from layered to non-layered. Overnight, the temperature on the
eastern coast of Sgrkappland increased by 0.3°C, and on the west coast, it de-
creased by 2.0-2.5°C. The diurnal amplitude of temperature at the EC point was
twice as large as on the west coast. However, the thermal difference between the
PPS and the BPS in that period was insignificant, being less than 1°C (Fig. 8). The
difference in wind direction at the stations was puzzling. At the EC point and the
BPS, a westerly wind was observed, whereas, at the PPS it was easterly. Presum-
ably, with such weak winds in the west of the peninsula, some local factor must
have modified the wind direction.

An unusual situation occurred on August 17 (Fig. 6b) when southern Spits-
bergen was under the influence of a high pressure ridge. Such a circulation is more
typical of a polar day (Malik 2005). The meteorological elements were evidently
similar at all three stations. Any differences noted were related to the degree of
cloudiness. At the EC point, the day was among the clearest, with cloudiness
2/8-4/8 (Fig. 5a), whereas, in the west, total cloudiness prevailed with only mo-
mentary breaks in the cloud cover, owing to a large supply of solar energy, the
maximum temperature was more than 5°C and the amplitude twice that at the BPS
and the PPS.

On August 18 (Fig. 6¢), during a southerly cyclonic situation over Spits-
bergen, with a pressure gradient estimated at 0.8—1 hPa/100 km, significant differ-
ences between the stations were noted, particularly with regards to cloudiness, air
temperature and humidity. The eastern part of the South Spitsbergen experienced
reduced cloud cover and lower humidity relative to the west. Considerably lower
temperatures were recorded at the PPS relative to the other stations (Fig. 8). The
differences reached almost 5°C and were the highest of the study period. Unfortu-
nately, solely on the basis of the meteorological data available, we find it difficult
to draw conclusions concerning the cause of such differences only on the basis of
the collected meteorological data. Perhaps the underlying reason for this state of
affairs is the nearby oceanic circulation, the influence of which was not considered
in this work.

Conclusions

However, from this knowledge, it is possible to calculate the local influences
on weather variations, the air circulation during August 2005 was certainly atypi-
cal and this was undoubtedly the reason for the very variable weather conditions at
the three compared stations. During the foehn events, the meteorological differ-
ences, observed between the stations of the west coast, were only-too-obvious. In
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respect of the inflow of air from NE, the strongest foehn effects were observed at
the Baranowski Polar Station; presumably, these reflect the influence of a higher
and wider mountain barrier which had to be crossed by the air flow. The air, which
reached the Polish Polar Station at Hornsund, had crossed a considerably narrower
and lower barrier; that induced much weaker foehn effects, and part of this was
doubtless due to a tunnel effect caused by the course and relief of the fiord. With
such a circulation, the eastern part of the island became exposed to considerable
and long-lasting rainfall. By contrast, at the East Coast point, foehn effects were
observed during the westerly cyclonic circulation. We conclude that, on the west
coast of South Spitsbergen, the weather conditions controlled by the general circu-
lation were to a large extent modified by other factors (relief of terrain and oceanic
circulation). This was particularly evident when considering wind distribution.
With weakening winds, relief of terrain came progressively into play and wind di-
rection might depended largely on this factor, whereas with increase in wind ve-
locity, the circulation factor became dominant.
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