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Abstract: The Hornsund region is characterised by a topoclimatic variation, which results
principally from the local orography, the vicinity of open sea and the two contrasting envi−
ronments: non−glaciated and glaciated. The specific types of atmospheric circulation deter−
mine the local thermal differences. The west coast is characterised by the most favourable
thermal conditions, where air temperature is largely determined by foehn processes. The
temperature at the Baranowski Station is 0.8�C higher on average than that of the Polish Po−
lar Station on the northern shore of Hornsund. The temperature in the northern shore of the
fjord happens to be higher than that on the west coast, which is attributed to the NW cy−
clonic inflow of cool Arctic air masses. During intermediate weather, when ground frost−
thaw takes place, the northern shore of Hornsund is warmer by 0.5�C; whereas, during mod−
erately frosty weather, it is warmer by 0.2�C than the west coast. The differences result from
the effect of the warmer fjord waters on the surrounding air temperature. During moderately
warm weather, more favourable conditions occur near the Baranowski Station, expressed
by the mean temperature difference of 0.9�C. The greatest temperature difference of 1.5�C
on average is normally recorded during warm weather.
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Introduction

Topoclimatic research of the specific environments in the Hornsund area
(Fig. 1) has been one of the main objectives of the University of Wrocław expedi−
tions to Spitsbergen, which were started in the 1970s. Extended studies were con−
ducted in the Werenskiold Glacier Basin and in the Brattegg River, in the close vi−
cinity of the Baranowski Station, established by University of Wrocław (Bara−
nowski 1968, 1977; Głowicki and Baranowski 1974; Baranowski and Głowicki
1975a, b; Pereyma et al. 1975; Pereyma 1983; Pereyma and Piasecki 1983, 1988;
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Brazdil et al. 1988). These authors identified a large thermal−humidity variation in
particular summer seasons. Attempts have been also made at comparing selected
meteorological elements in the region of the Werenskiold Glacier (on the west
coast) and the northern shore of Hornsund, where the Polish Polar Station is lo−
cated. Previous research has demonstrated that more favourable climatic condi−
tions exist in the region of the Baranowski Station, when compared to the northern
shore of Hornsund. Further research into polar night conditions indicates large
thermal differences over the few kilometres distance between the west coast and
the northern shore of the fjord. The cases of inverse thermal differences identified
seem to reflect a strong influence of open water, sea ice, and orography (Migała et
al. 2004). Both the records of air temperature in Hornsund area and the current in−
tensive recession of the local glaciers probably reflect global warming effects
(Jania and Hagen 1996; Przybylak 2007). It may be expected that expanding of the
unglaciated areas has changed the local climate relationships. The weather condi−
tions observed in 2005 reflect an increasing amount of heat transported to Arctic
Ocean from lower latitudes in the summers 2000–2005 (Walczowski and Piechura
2006). Svalbard was particularly warm in that period, but in the opinion of some
authors, these untypical Arctic−wide thermal conditions may be coming to end
(e.g. Richter−Menge et al. 2006).

Study area

The research reported here, was carried out on Wedel Jarlsberg Land (SW
Spitsbergen) and targeted two regions: the northern shore of Hornsund, where the
Polish Polar Station is located and region of the Werenskiold Glacier and the
non−glaciated Brattegg Valley, both situated on the west coast, about 12 km north
of Hornsund (Fig. 1). Topoclimatological elements of the second region are recog−
nized based on the data from the Baranowski Station located on the frontal mo−
raine of the Werenskiold Glacier. The coastline of the area is very irregular, with
several embayments representing the lower reaches of valleys, which recently
have been occupied by retreating valley glaciers.

Mountain massifs with elevations of c. 500–600 m a.s.l. aligned longitudinally
and coastal plains dominate in the landscape. Plains are mainly marine terraces,
covered with very rich tundra vegetation. The mean annual air temperature is
−4.4�C, varying between −11.3�C in January to +4.4�C in July (Marsz and Styszyń−
ska 2007). The most notable features of the ablation season 2005 were: low solar
radiation, a dense cloud cover, and an air temperature, which was slightly higher
than the mean for other years. Cyclonic conditions predominated (>75%) of the
observation period. The weather conditions and the topoclimatological differences
were a consequence of Arctic Ocean warming and atmospheric circulation.
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Material and methods

Data loggers HOBO PRO H8 (Onset Corp., USA) were used for air tempera−
ture measurements at selected stations. The loggers were installed on masts in radi−
ation shields, 2 m above ground. Temperature was registered every 10 minutes,
which made it possible to determine not only the local differences but also the dy−
namics of short−term changes. The records were analysed using standard climato−
logical−statistical methods, giving topoclimatic characteristics, mean and extreme
values. Based on meteorological data from the Polish Polar Station, weather charts
and aerological sounding (Bjørnoya and Ny Ålesund), the ablation season 2005
was characterised against a background of long−term data with respect to circula−
tion and principal meteorological elements. Selected synoptic situations were also
characterised. Data from 1978–2005 were obtained from the Institute of Geophys−
ics, Polish Academy of Sciences.
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Fig.1. Map of study area showing position of the recording stations.



The studies included seven recording stations (Fig. 1, Table 1). The sites repre−
sented different environments, which occur in SW Spitsbergen. They varied with re−
spect to their altitude, exposure, distance from the open sea and type of substratum.

Table1
Characteristics of the recording stations.

Measurement
point

GPS
coordinates

Altitude
[m a.s.l.] Location

HOR
77�00.090’ N
15�32.485’ E

11 meteorological garden, Polish Polar Station at Hornsund, coastal
terrace, 300 m from the fjord waters

UWR
77�04.259’ N
15�10.712’ E

26 meteorological garden on frontal moraine of Werenskiold Glacier
at Baranowski Station

BRD
77�03.813’ N
15�12.318’ E

81 entrance to poorly glaciated Brattegg River valley, rock spur
below Myrktjorna Lake

BRG
77�03.195’ N
15�14.053’ E

133 upper part of Brattegg River valley, near the middle lake, above
the rock spur

MDW
77�04.700’ N
15�13.252’ E

20 terminal moraine of Werenskiold Glacier c. 300 m from its front,
2 km from sea coast

WRD
77�04.246’ N
15�20.083’ E

260 middle part of Werenskiold Glacier, 3 km above its front

HYT
77�2.600’ N
15�9.001’ E

10 coastal terrace in a narrow coastal strip at the foot of the
Gullichsenfjellet Massif (Hyttevika)

Topoclimatic variations in the Werenskiold Glacier Basin

For the observation period (11 July – 30 September, 2005), the mean tempera−
ture on the frontal moraine (UWR) was 3.7�C, at the point in the glacier forefront
(MDW) 3.6�C and, on the glacier (WRD), 1.5�C. The highest monthly mean tem−
perature in July was recorded at the measurement site in the glacier forefront
(MDW). In the remaining months, a higher temperature was observed at UWR.
The correlation between temperatures at the different recording stations within the
period of measurements was high, with the following values of correlation coeffi−
cients: UWR−MDW, R = 0.97; UWR−WRD, R = 0.96; MDW−WRD, R = 0.98. In
July however, when cloudless weather prevailed, the values of correlation coeffi−
cients were lower. In September, with a new snow cover, the strength of the rela−
tionship was the highest of all the months.

During the polar summer, the air temperature varied little throughout the day.
This is confirmed by the standard deviation values ranging from ±1.5�C to ±1.7�C.

Thermal differences between UWR and MDW were slight. During the whole
ablation period, the temperature on the frontal moraine of the Werenskiold Glacier
(UWR) was higher than that at the forefront point (MDW), on average by 0.1�C.
However, until the start of August, nearly all the time, the temperature was higher
at the MDW than at the UWR. It can be explained by the sheltered nature of the
forefront and its concavity, shaped by the ridge of frontal moraine and front of the
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glacier. As a result, limited air exchange with the surroundings and, during sunny
weather, heat accumulation took place inside the depression. The more favourable
thermal conditions in the first half of summer in the forefront may result from
higher insolation there and more frequent advection of maritime air masses, which
limits the cooling effect of the glacier. However, there is no doubt that two strongly
contrasting environments control the thermal conditions in the central part of the
forefront of the Werenskiold Glacier: marine and glacial. The area has a variable
local air circulation, which is manifest as alternating cool current from over the
glacier and current of warmer air issuing from the ocean, which rise to the level of
the glacier.

In 54.4% of the period, the mean daily temperature at the UWR was higher
than at the MDW. During 38.5% of the time, the temperature at the UWR exceeded
that recorded at the MDW by values within the range of 0–1�C. The greatest differ−
ence in favour of the UWR reached 4.7�C (18 July). A considerable increase in the
temperature difference between the two points took place on days, when a strong
easterly wind from the glacial interior prevailed, which had a cooling effect on the
forefront. Such a situation occurred on 14–15 and 25–27 of August.

The situations, when air temperature at the glacier forefront (MDW) was
higher than that at frontal moraine (UWR), were observed in 45.6% of the days,
the difference being mostly within the range of 0–1�C. In July, such situations con−
stituted as much as 78.9% of cases for the mean hourly temperature and were ob−
served on all days in respect of mean daily temperature. The greatest differences in
favour of the MDW were recorded most frequently on days, when there was strong
insolation (20, 23 and 24 July) and reached maximum of 4.3�C (24 July). A higher
temperature in the forefront was also recorded, when N−NW advections brought
cold and heavy arctic−maritime air (e.g. 16–17 July).

As might be expected, more conditions that are favourable existed at the fron−
tal moraine (UWR), compared to the central part of the glacier (WRD). The tem−
perature at the UWR was higher, by 2.2�C on average. In 43.5% of cases, the tem−
perature at the UWR was higher by 2�C to 3�C. Pereyma and Piasecki (1988)
emphasised these differences, whereas Brazdil et al. (1988) reported a mean tem−
perature difference between the moraine and the middle of the glacier, which could
be as high as 4�C.

In respect of mean daily temperatures, the greatest differences reached 5.6�C
(7 July), favouring the UWR point, with hourly temperatures exceeding 10.0�C.
The vertical gradient of daily mean and daily maximum temperature reached
2.39�C/100 m and 4.27�C/100 m, respectively. On 7 July, Southern Spitsbergen
laid at the edge of an anticyclone centred over the Barents Sea. The air pressure at
the Polish Polar Station in Hornsund reached 1019 hPa, where a slight breeze
(mean 3 m/s) from E direction prevailed. Slight cloudiness (1/8) with sporadic
altocumulus and cirrus clouds and 19.1 hrs of sunshine resulted in warm weather.
The daily mean air temperature in Hornsund (HOR) and in the Baranowski Station
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(UWR) was 6.5�C and 12.2�C, whereas the maximum of air temperature was
13.5�C and 17.2�C, respectively. Intensive insolation favoured both melting on the
glacier (WRD) and intensive heating of the unglaciated surface and the near
ground air layer (UWR). This caused strong thermal contrasts.

There was not a single day when the mean daily temperature on the glacier
(WRD) exceeded that at the frontal moraine (UWR). The smallest difference was
0.3�C (29 July). Considering mean hourly temperatures, in only 3.3% of cases the
temperature was higher on the glacier. Inversion periods were irregular and short−
lasting and occurred mainly in July (5, 6, 24, 25 and 29). Maximum differences in
respect of the glacier were over 2�C (2.8�C on 24 July and 2.2�C on 31 August).

In terms of mean daily temperature, the glacier forefront (MDW) was also con−
sistently warmer than the central part of the glacier (WRD). Air temperature at the
MDW was, on average, 2.1�C higher. The differences between the temperatures at
those stations were not as great as those observed for the pair UWR−WRD, and
ranged from 1.0�C (15 September) to 2.7�C (19 and 24 August). In respect of hourly
temperatures, the differences in favour of the forefront were most often within
2–3oC (51.8% cases), with a maximum over 4�C (4.2�C on 24 August and 4.8�C on
25 August). Only in 1.1% of cases in the study period, the temperature in the fore−
front was lower than that on the glacier. As in the case of the UWR−WRD profile, in−
versions were short−lasting. The maximum difference in favour of WRD was 1.3�C
(15 September).

Thermal differences between frontal moraine (UWR) and glacier forefront
(MDW) depend on several factors:
• type of substratum – substratum at the UWR is dry, whereas the MDW is

subject to down flow of ablation water during summer and autumn. During the
polar summer, the heat in the forefront is consumed for evaporation, whereas
during the first frosts the latent heat of solidification is emitted,

• effect of different air masses – the forefront is more often subject to the effect of
cold katabatic winds from the glacier.
The mean maximum temperatures were: 5.6�C at UWR, 5.6�C at MDW and

3.5�C at WRD (Table 2). The differences in maximum temperature between UWR
and MDW are small. During the whole study season, the mean maximum tempera−
ture at the two points was 5.6�C. Slight differences were observed in August and
September. In August, the higher maxima at UWR could be associated with more
frequent inflow of air from the east, which had a cooling effect on the forefront.
The converse situation occurred in September, when higher maximum tempera−
tures were recorded at MDW. The difference could have resulted from the local
orography because with prevailing N and NW advection during September, the
rampart of the frontal moraine protects the forefront from the inflow of heavy arc−
tic air masses. Differences in maximum temperatures between the points on the
moraine and on the glacier were, on average, 2.1�C. The greatest differences oc−
curred in August, and seem to relate to foehn phenomena.
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A much greater variation was observed for minimum temperatures, especially
between the stations located in the non−glaciated environment. The mean mini−
mum temperature was: −1.1�C at UWR, −1.8�C at MDW and −3.5�C at WRD. As
well as in July, more−pronounced minima were observed when MDW compared
with UWR. Differences in August and September were 0.6�C and 0.7�C, respec−
tively. By the comparison, in respect of the moraine and forefront stations, the dif−
ferences were similar to those observed for the maximum temperatures.

The mean vertical temperature gradient between the UWR and WRD points
was 0.94�C/100 m, varying between 1.78�C/100 m and 0.14�C/100 m. The mean
gradient between the forefront (MDW) and the glacier (WRD) was somewhat
smaller (0.87�C/100 m) and varied between 1.13�C/100 m and 0.42�C/100 m. The
gradients, based on the daily maximum temperatures between the frontal moraine
(UWR) and the glacier (WRD) and between the glacier forefront (MDW) and the
glacier (WRD) were 0.86�C/100 m and 0.87�C/100 m on average. The rates varied
respectively: between −1.11�C/100 m and 2.74�C/100 m and between −0.25�C/100
m and 1.58�C/100 m. The mean vertical gradient of daily minimum temperatures
between the UWR and WRD were as high as 1.04�C/100 m, and 0.82�C/100 m be−
tween the MDW and WRD. The gradients varied between 0.03�C/100 m and
1.79�C/100 m and between −0.02�C/100 m and 1.38�C/100 m. The result is very
similar to those of Pereyma and Piasecki (1988).
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Table 2
Mean five−day values of daily mean temperature (T), maximum temperature (T max) and
minimum temperature (T min) at the recording stations, July – September 2005. Explana−

tion of the station names abbreviations enclosed in Table 1.

Five−day
period

T [�C] T max [�C] T min [�C]
HOR UWR BRD BRG MDW WRD HOR UWR BRD BRG MDW WRD HOR UWR BRD BRG MDW WRD

1–5.07 4.8 – – – – – 6.5 – – – – – 2.8 – – – – –
6–10.07 5.7 8.2 – – 5.5 8.3 12.0 – – – 8.8 3.2 5.7 – – – 2.9
11–15.07 3.9 4.8 4.6 – 5.3 3.1 5.9 6.2 6.1 – 6.9 5.5 2.3 3.5 2.9 – 3.7 1.3
16–20.07 4.4 4.1 3.7 – 4.6 2.4 6.1 7.2 5.7 – 6.5 4.5 2.5 2.6 2.1 – 2.7 0.7
21–25.07 4.7 5.5 5.6 – 6.3 4.1 7.2 9.8 9.3 – 9.3 7.5 2.8 3.7 3.1 – 3.6 1.5
26–31.07 4.0 4.7 4.8 – 5.3 3.5 5.4 7.3 6.9 – 7.6 6.1 2.5 2.9 2.6 – 2.7 1.3
1–5.08 4.1 5.2 5.1 4.8 5.3 3.0 5.3 7.3 6.9 6.5 7.3 5.0 3.0 4.2 3.8 3.5 3.7 1.7
6–10.08 4.5 5.4 5.3 4.8 5.3 2.9 5.6 7.1 7.2 6.4 5.0 3.3 4.3 4.0 3.5 3.6 1.5 –
11–15.08 4.6 5.8 5.7 5.2 5.2 3.0 6.0 7.4 7.7 7.0 6.9 4.4 3.6 4.4 4.0 3.5 3.7 1.6
16–20.08 3.9 5.0 4.9 4.4 4.8 2.4 5.5 6.4 6.7 6.0 6.5 4.2 1.9 3.0 2.7 2.4 3.1 0.9
21–25.08 4.9 6.8 6.7 6.3 6.4 4.0 6.9 8.5 8.4 7.9 8.6 5.9 3.2 4.9 4.7 4.6 4.3 2.0
26–31.08 5.9 7.5 7.4 7.0 6.5 4.4 7.6 9.1 9.5 8.7 8.4 6.3 4.2 5.8 5.3 4.9 4.8 2.8
1–5.09 4.8 5.9 5.6 5.1 5.3 3.2 6.2 7.4 7.0 6.5 7.2 4.7 3.4 4.3 4.1 3.8 3.5 1.7
6–10.09 1.9 2.5 2.2 1.7 2.5 0.5 2.6 3.6 3.5 3.0 3.8 2.3 0.6 0.9 0.2 0.0 0.9 −0.7
11–15.09 −1.2 −1.5 −2.0 −2.5 −1.7 −3.2 0.8 0.2 0.7 −0.5 1.2 −0.6 −3.5 −3.4 −4.4 −4.8 −4.3 −6.0
16–20.09 0.5 0.0 −0.4 −0.8 −0.1 −1.8 1.9 1.5 1.6 1.3 2.9 0.4 −1.4 −1.3 −2.2 −2.6 −2.4 −3.7
21–25.09 −1.2 −0.4 −0.9 −1.2 −0.8 −2.8 0.8 0.6 0.4 0.1 0.6 −1.5 −1.2 −2.1 −2.9 −3.1 −2.7 −4.5
26–30.09 −3.0 −3.0 −3.6 −4.1 −3.8 −5.8 −1.6 −1.6 −1.9 −2.4 −2.2 −4.2 −4.7 −4.9 −5.9 −6.2 −5.7 −8.0



Thermal gradients between the moraine and glacier points increased when
foehn conditions prevailed and on days of intensive insolation, when the moraine
substratum heated considerably. The largest thermal gradients between the frontal
moraine (UWR) and the glacier (WRD) occurred on sunny days (e.g. 7 July),
when, during the day the gradient exceeded 3�C/100 m throughout a maximum of
4.3�C/100 m. Larger gradients between UWR and WRD (up to 1.6�C/100 m) were
also recorded in the second half of August, when foehn winds were combined with
an easterly circulation. Gradients for hourly temperatures during foehn conditions
reached c. 2.3�C/100 m (25 August).

While the foehn increased, vertical thermal gradients for the pair UWR−WRD
and for the profile MDW−WRD decreased to 0.8�C/100 m. The forefront was then
affected by a cold wind from the glacier, which obliterated the thermal differences
between the two points. It may be supposed that in average summer conditions, the
forefront of the Werenskiold Glacier lies outside foehn influence, or that its influ−
ence is negligible.

Thermal relationships in the non−glaciated Brattegg Valley

Thermal relationships in the non−glaciated Brattegg Valley depend mainly on
the altitude above sea level. The role of substratum is less important, since it is
roughly the same throughout. Correlation coefficients between temperatures at
particular stations (UWR, BRD and BRG) were higher than those for the moraine
and the glacier, where the substratum has a considerable controlling influence. The
correlation was the highest in September, when the substratum was already frozen
and a permanent snow cover has already formed. The correlation was weaker in
July when cloudless weather prevailed.

In the period of 31 June and 30 September, the mean temperature at the frontal
moraine (UWR) was 3.3�C, in the lower part of the valley (BRD) 3.1�C and, in the
upper part (BRG), 2.6�C. On 82.9% of this period, the temperature at the UWR
was higher than that at the BRD, the difference being mostly within 0–1oC. The
greatest difference was 0.9�C (29 September). On 17.1% of this period, the mean
daily temperature was higher at the BRD that at the UWR, the maximum differ−
ences being 0.9�C (24 July) and 0.4�C (26 and 31 August). The greatest difference
was 5.7�C (18 July). In 23.1% of the cases, higher temperatures were recorded at
BRD (on 24 July, by 4�C). In average conditions of polar summer, the temperature
differences between the BRD and BRG are limited, which results from their close
location, similar properties of the substratum and similar hypsometry.

When the region of the frontal moraine (UWR) was characterised by more fa−
vourable thermal conditions compared to the station located in the upper part of the
valley (BRG), the mean difference was 0.7�C. Only on one day (31 August), the
mean daily temperature was higher by 0.2�C at the BRG. On all the other days,
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higher temperatures were recorded at UWR. The difference was mostly within
0–1�C. The maximum differences in favour of the UWR reached 1.6�C (29 Sep−
tember) and 1.4�C (13 September). Mean hourly temperatures in 91.9% of cases
were higher at UWR. In less than 10% of cases, the temperature in the upper part of
the valley was higher than at the UWR, the differences being mostly within 0–1�C.
On 31 August, the difference was 2.5�C.

The mean maximum temperature for UWR and BRD during the whole mea−
suring season was 4.9�C for each station. As in the case of the region of the
Werenskiold Glacier, the recorded minimum temperatures were more variable.
The difference in favour of UWR, when compared to BRD, was 0.6�C and 0.9�C
compared to BRG.

The greatest vertical gradients of air temperature in the Brattegg Valley and
their greatest variation occurred in July and August. Most often, the recorded verti−
cal temperature gradients were within 0.5�C to 1�C/100 m. The mean temperature
gradient for the period 31 July – 30 September between the frontal moraine
(UWR) and the lower part of the valley (BRD) was 0.44�C/100 m. In July and
August, the gradient was small, with the mean 0.2�C/100 m. A larger vertical tem−
perature gradient was recorded in September (0.8�C/100 m). Maximum daily gra−
dients were 1.53�C/100 m (30 September), 1.39�C/100 m (23 September) and
1.27�C/100 m (13 September). Situations with negative gradients (inversions)
were frequent during the thermal summer. The greatest negative gradients were
−0.76�C/100 m (31 August), −0.71oC/100 m (26 August) and −0.64�C/100 m
(28 August).

The mean gradient between the frontal moraine (UWR) and the upper part of the
valley (BRG) was 0.63�C/100 m. The greatest daily gradients were (as in the case of
BRD) observed in September and reached 1.32�C/100 m (13 September). Only on
one day, the mean daily gradient was negative and amounted to −0.18�C/100 m
(31 August).

The mean gradient between BRD and BRG was 0.83�C/100 m. Maximum daily
gradients between the lower and the upper parts of the valley were 2.10�C/100 m
(30 September), 1.96�C/100 m (9 August) and 1.69�C/100 m (26 August). A nega−
tive gradient was recorded on 30 September (−0.93�C/100 m).

It should be noted that mean vertical temperature gradient between lower and
the upper part of the unglaciated valley (the BRD and BRG points) was lower by
0.05�C in comparison with the mean gradient between the forefront (MDW) and
the glacier (WRD), 0.87�C/100 m.

The gradient, based on the daily maximum temperatures recorded in the
unglaciated valley reached 1.20�C/100 m and was higher than that in respect of the
glacier. The mean vertical gradient of daily minimum temperatures between the
BRD and BRG (valley) was 0.73�C/100 m and was lower in comparison with the
gradient between the glacier forefront (MDW) and the glacier (WRD).
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Comparison of thermal conditions in the Hornsund and Werenskiold
Glacier regions

Undoubtedly, favourable thermal conditions exist in the region of Weren−
skiold Glacier than that in the Hornsund area as emphasised by Baranowski and
Głowicki (1974), Głowicki and Baranowski (1975), Pereyma (1983) and Brazdil
et al. (1988). The main reason for the variation is the local orography, which modi−
fies the airflow, and the development of foehn processes. In respect of the prevail−
ing circulation from the east, the UWR (frontal moraine of the Werenskiold Gla−
cier) is located on the leeward side of the mountains. During the polar summer,
when advection from southerly directions is frequent, the mountain massifs shelter
the forefront of the glacier and produce local foehn effect. Hornsund is character−
ised by a very specific local climate, influenced mainly by the numerous glaciers,
which are tributary to the fjord. Cool katabatic winds from the glaciers are fre−
quent. They contribute to a decrease in the temperature of the adjacent coastal
plains. Certainly, katabatic wind from the Hans Glacier located near HOR, have an
obvious effect on the thermal conditions on the adjacent part of the coast.

During the polar summer, higher temperatures were recorded for all the points
located in the non−glaciated environment near the Werenskiold Glacier (UWR,
MDW, BRD, BRG) in comparison with the Polish Polar Station (HOR). Only in
the second and third decade of September, the temperatures at HOR were higher.
This resulted from a long−lasting advection of cool arctic air masses from N and
NW. In these masses, the vertical thermal gradient is in consonant with the
hypsometry. Additionally, such a direction of inflow creates a local orographic
foehn originating on the mountain massifs located NW of the Polish Polar Station.

The occurrence of high temperatures at the forefront of Werenskiold Glacier
(MDW) was rather surprising conclusion of this work. Significantly, high values
were observed in July, when sunny weather prevailed, at a time of air inflow from
the south. The temperature there was higher than at HOR, on average by 0.6�C.
High temperatures were also recorded throughout the season in both lower and up−
per parts of the non−glaciated Brattegg Valley (BRD, BRG). The temperature in
the lower part of the valley (BRD) was often as high as or higher than that in the
neighbouring station on the frontal moraine (UWR).

The UWR was characterised by a significantly higher temperature than at HOR,
on average by 0.8�C in the summer 2005. In July, the temperature difference was
0.9�C, in August 1.3�C and, in September 0.1�C. The mean daily temperatures for
75.1% of this period were higher at the UWR, the differences being mostly within
0–1�C. In respect of the daily temperatures, maximum differences reached 5.1�C (7
July) and for mean hourly temperatures, 8.5�C (7 July). During 24.9 % of this pe−
riod, the mean daily temperature at HOR was higher than that at UWR, the differ−
ence never exceeded 1.6�C (17 July). For the mean hourly temperature, the differ−
ence was up to 3.9�C (23 July). A similar variation was displayed by maximum and
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minimum temperatures. Higher maxima (70.8 % of the recorded days) and higher
minima (71.9 % of cases) were observed at UWR, the differences being mostly
within 1–2�C. The absolute maximum of air temperature in the ablation season 2005
occurred at UWR on 7 of July when the recorded value was 18.3�C, and 13.5�C at
HOR. Absolute minima were −5.9�C at UWR (29 September) and −6.1�C at HOR
(27 September). The greatest thermal differences in favour of the frontal moraine of
the Werenskiold Glacier (UWR) were observed when a foehn developed during the
easterly cyclonic circulation (the last five days of August) and during sunny and
windless weather (the first part of July). During the inflow of arctic air masses from
N and NW, higher temperatures were observed in Hornsund (HOR), in the second
and third five−day periods of September and during short periods in July.

Variations in air temperature depending on atmospheric circulation

Topoclimatic variations have been characterised relating to atmospheric circula−
tion classified by Niedźwiedź (1997, 2007) in respect of the Svalbard Archipelago
(Table 3). In the ablation season 2005, cyclonic situations prevailed (75% of the en−
tire period), which was 23% more than in the years 1951–1995 (Table 3). Their fre−
quency was the highest in September (29 days), slightly lower in August (23 days)
and in July (18 days). Anticyclonic situations occurred in 23.9% of cases, and thus
their frequency was by nearly 20% lower than the multi−annual mean. They were the
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Fig.2. Plot of the mean daily air temperatures at the Polish Polar Station (HOR) and at the Baranowski
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most numerous in July (13 days), less so in August (8 days) and, in September once
only (7 September). On days classified as anticyclonic, the temperature at the Polish
Polar Station (HOR) was 1�C lower on average than in the region of Werenskiold
Glacier (UWR). During cyclonic days, the difference was smaller and amounted to
0.7�C. The circulation types Nc, NEc, Ec and NWc showed an increased frequency
compared to the multi−annual period (Table 3). In the summer 2005, the types NEa,
SEa, NWa, Ca and situations referred to as x, i.e. ambiguous and hard to assign to
any type, were not apparent. The frequency of the remaining types of circulation re−
mained at a level similar to the mean observed in 1951–1995.

The prevailing type of circulation in the ablation season 2005 was type Ec,
which appeared on 13% of the time, i.e. over twice as often as in the years
1951–1995 (Table 3). Its frequency was the highest in the mid of August and, in
the last decade of September. During this type of circulation, the temperature dif−
ference in favour of the UWR was 0.6�C on average.

The next most frequent type was type Nc, which occurred in 12% of the con−
sidered period, i.e. over twice as more frequently as in the multi−year period. This
was most prevalent at the end of the first and in the second 10−day period of Sep−
tember, when the temperature at HOR was lower than that in the region of the
Baranowski Station (UWR), by 0.4�C on average.

The NEc circulation type occurred on nearly 11% of the ablation season 2005
and, as in the case of the type Nc, was characterised by a frequency over twice as
high as that observed in the 1951–1995 period and the same temperature differ−
ence relative to the region of the Werenskiold Glacier (0.4�C). This type prevailed
in September.

In July and August, on days when the circulation types descended above were
manifest, the temperature was usually lower in HOR than that in the region of the
Werenskiold Glacier, whereas, in September, during the first frosts, the situation
was reversed and higher temperatures were observed in HOR. This is probably re−
lated to the influence of the fjord waters, which warm the air at that time.

The NWc circulation type showed an 8.7% frequency. An uninterrupted pe−
riod with this circulation type was observed in the period of 14–17 July and on sin−
gle days in September. This is, however, the only more frequent synoptic situation,
when a higher temperature was noted at HOR when compared to UWR, on average
by 0.4�C. Similarly, when the Wa winds were circulating, the observed tempera−
tures in HOR were higher by 0.7�C. However, there was only one such a day (20
July) and it would be unsound to generalise that with this type of circulation the
difference is usually in favour of HOR. Smaller−than−usual, thermal differences
between the places analysed also occurred during the circulation types Ea, Na, Nc
and Cc.

The greatest temperature differences in favour of the region of the Werenskiold
Glacier occurred during the circulation types Sa, Sc, SWc and SEc, i.e. those with a
southerly component, which brought warm air masses from the Atlantic.
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Air temperatures related to atmospheric situation

NW advection. — Advection of air masses from N−NW takes place when a
low−pressure centre is located northeast of Spitsbergen, or when a wedge of high
pressure, or a high−pressure centre appears between Greenland and Spitsbergen.
Such situations generate an inflow of humid, cool arctic−maritime air. During the
summer 2005, they appeared rarely (e.g. 14–17 July). However, a higher fre−
quency of N−NW advection occurred in the second and third 10−day periods of
September. The recorded temperatures higher at HOR than those in the region of
the Werenskiold Glacier were during these only synoptic situations. During this
kind of advection, a local foehn occurs on the NW shore of Hornsund. The Polish
Polar Station is sheltered from N and NW by non−glaciated mountain massifs, in
which local dry−adiabatic process develop on the leeward slopes, resulting in an in−
creased temperature and a slight decrease in humidity to 82% (87% mean for July).
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Table 3
Frequency of atmospheric circulation types above Spitsbergen in July, August and Sep−
tember (1951–1995) as well as during the ablation season 2005 and mean daily air temper−
ature difference ( T) between the Polish Polar Station (HOR) and the Baranowski Station

(UWR) depending on circulation types (after Niedźwiedź 1997, 2007).

Circulation
type

Frequency [%] THOR−UWR [oC]
1951–1995 2005

Na 2.9 2.2 −0.3
NEa 3.0 – –
Ea 6.5 1.1 −0.1

SEa 4.5 – –
Sa 2.5 3.3 −3.0

SWa 3.5 4.3 −1.0
Wa 2.9 3.3 0.7

NWa 2.2 – –
Ca 1.7 – –
Ka 13.2 9.8 −0.9
Nc 5.4 12.0 −0.4

NEc 4.9 10.9 −0.4
Ec 6.5 13.0 −0.6

SEc 5.9 7.6 −1.5
Sc 4.2 4.3 −1.7

SWc 5.6 3.3 −1.8
Wc 4.6 3.3 −1.0

NWc 3.8 8.7 0.4
Cc 4.2 6.5 −0.5
Bc 8.0 6.5 −1.1
x 3.9 – –

total of:

anticyclonic (a) 42.9 23.9 −1.0

cyclonic (c) 53.1 76.1 −0.7



The region of the Werenskiold Glacier is freely exposed to inflow of arctic air
masses from NW. During this type of circulation, a distinctive temperature varia−
tion also occurs in the basin of the Werenskiold Glacier. The comparatively low
rampart of the frontal moraine and the massifs of Tonefjellet and Jens Erikfjellet
cause a partial orographic sheltering of the depressed forefront of the glacier,
which results in a higher temperature at the station below the glacier front (MDW).

The temperature at the forefront (MDW) was c. 1�C on average, higher than
that at the frontal moraine of the Werenskiold Glacier (UWR). Such a case is illus−
trated by the course of air temperature variation in the period of 16–17 July
(Fig. 3). The inflow of cool arctic air resulted in a low−pressure centre, stationed
NE of Spitsbergen. At that time, a rather strong wind was observed at HOR (up to
11m/s) from NW−NNW. The relative air humidity was also lower than usual
(82.2%). The cloud cover was moderate to extensive. The daily mean temperature
was higher at HOR than that on the frontal moraine of the Werenskiold Glacier
(UWR) on these two days, by 0.9�C and 1.6�C respectively. In respect of hourly
temperature variations, the maximum differences were up to 2.8�C. In addition,
the station below the glacier front (MDW) was characterised by a temperature
higher than that at the UWR by 0.5�C on average. The thermal differences at the
other stations reflect an influence of altitude. The mean thermal gradient between
UWR and BRD was 1�C/100 m.

Foehn days. — Foehn phenomena and associated effects are among the most
characteristic weather phenomena in Spitsbergen. They have a significant effect on
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hydrological and glaciological processes (Pereyma et al. 1975; Pereyma and Pia−
secki 1988). The large scale foehn effects on the western coast of Spitsbergen occurs
during the Ec or SEc circulation types (Table 3), when a low pressure centre is on the
southern side of the island, and moves in the general direction from Iceland to Franz
Josef Land. Air circulating in this way rises to a height of 700–800 m a.s.l. and
moves from the E or SE above the mountainous glacial interior of Spitsbergen. On
the western shore, it is largely devoid of humidity and is warmer. In some situations,
such as anticyclone is located over Greenland Sea and air mass flow from W, foehn
effects also develop on the eastern coast (Maciejowski and Michniewski 2007).
Baranowski and Głowicki (1975) reported the situation on 20 July 1970 at the
Baranowski Station (UWR), when a maximum temperature of 19.5�C was recorded,
than the mean daily temperature in the Polish Polar Station (HOR) was 7.3�C,
whereas on the forefront of the Werenskiold Glacier (MDW) it was 9.8�C.

A case of full foehn development included the region of Hornsund at the end of
August 2005 (Fig. 4). Positive temperature changes were recorded at all the re−
cording stations. The mean daily temperature at HOR on 28 August was 7.1�C, the
second highest in the whole of 2005. The maximum temperature on 27 August at
HOR was 9.7�C, which in turn, was the highest value of this month. In the region
of the Werenskiold Glacier, a stronger development of foehn phenomena was ob−
served than in the neighbouring Polish Polar Station (HOR), which contributed to
a higher air temperature of 2–3�C on average. During foehn conditions, the region
of the Baranowski Station was consistently warmer then the Polish Polar Station,
by 2.1�C and maximally by 2.9�C, in respect of mean daily temperatures. In terms
of the mean hourly temperature, the maximum difference, in favour of the Bara−
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nowski Station, was 4.6�C. The warmest place was Hyttevika (HYT), i.e. a coastal
location, which is beyond the influence of the fjord. The HYT point is located on
the leeward side of the Gullichsenfjellet Massif and the foehn effects are the most
pronounced here. The maximum temperature difference compared to HOR was
7.1�C. It should be noted that HOR and HYT are separated by a distance of only
12 km, experience quite different weather conditions. The air flowing in from the
poorly glaciated Angellfjellet Massif and from Brattegga mountain ridge favour−
ably warms up the stations located along the axis of the Brattegg Valley during
foehn weather. At that time, the UWR, BRD and BRG are warmer; whereas, the
MDW and WRD remain under the cooling effect of the Werenskiold Glacier. Dur−
ing this kind of airflow, HOR experiences foehn winds, which originate in the
Sofiekammen Massif, and then cool over the Hans Glacier.

Sunny days. — More sunny days were noted in July 2005 than in any other
month. The maximum of sunshine duration at HOR was recorded on 7 and 23 July.
In both cases, it was 19.1 hours, which is 80% of potential daily sunshine duration.
These were the warmest days in the whole of 2005 at the studied area. On 7 July,
the temperature reached 13.5�C, and 11.2�C on 23 July. On 7 July, the high−pres−
sure centre laid SE of Spitsbergen, on the border of the Scandinavian Peninsula
and the Barents Sea. It generated an inflow of warm and dry air from the Eurasian
continent. At the Polish Polar Station, a weak wind (1–4 m/s) prevailed, from ESE,
and most of the day was cloudless. The maximum temperature was recorded at the
Baranowski Station at 11:10 (18.3�C). The next maximum was recorded on the
Werenskiold Glacier at 12:20 (9.5�C). The daily maximum temperature at HOR
reached 13.5�C at 15:50 and relative humidity dropped to only 39%.
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Conclusions

The region of Hornsund is characterised by a very large topoclimatic variation,
which results most by orography. Unquestionably, anemo−orographic systems
cause local deformities of airflow and foehn effects.

The local thermal differences are largely caused by the effect of two strongly
contrasting environments on the near ground air layer: non−glaciated and glaci−
ated, between which they are the most striking. In addition, the thermal conditions
are affected by the distance from the sea, altitude, exposure, and melting processes.

As well as local factors (topography, substratum, sea proximity), the intensi−
fied atmospheric circulation has a great effect on the climate of SW Spitsbergen. It
causes an inflow of air of variable physical characteristics (temperature, humidity)
from various directions, which contributes to the prominent variation in local con−
ditions.

The west coast and foreland of the Werenskiold Glacier represented by the
Baranowski Station is characterised by the most favourable thermal conditions;
the air temperature there being largely determined by foehn processes.

In average conditions of the polar summer, the temperature at the Baranowski
Station is 0.8�C higher than that at the Polish Polar Station in Hornsund. The
higher temperature on the frontal moraine of the Werenskiold Glacier is almost ir−
respective of the direction of advection. A synoptic situation when the temperature
at Polish Polar Station is higher than in the region of the Werenskiold Glacier at−
tribute to the influence of the NW cyclonic circulation type, which permits an in−
flow of cool arctic masses. These masses have free access to the region of the
Baranowski Station, which is fully exposed to this direction of advection; by con−
trast, the poorly glaciated mountain massifs shelter at the Polish Polar Station and
foehn processes develop there. With respect to the other circulation types, a con−
verse situation applies: higher temperatures occur in the region of the Baranowski
Station. These temperatures are at a maximum during advections from southerly
directions.

In the non−glaciated environment (Brattegg Valley), the temperature depends
mainly on hypsometrical variations and, to a lesser extent, on the substratum.
Thermal inversions rarely appeared in the profile up to c. 150 m a.s.l. They were
short−lasting and occurred mainly during the phases of free atmosphere foehn, dur−
ing sunny weather.

It should be noted that the mean vertical temperature gradient between lower
and the upper part of the unglaciated valley (the BRD and BRG points) was lower
by 0.05�C, when compared with the that of the glacier forefront (MDW) and the
glacier (WRD), 0.87�C/100 m.

The gradient, based on the daily maximum temperatures recorded in the
unglaciated valley reached 1.20�C/100 m and was higher by 0.33�C than on the
glacier. The mean vertical gradient of daily minimum temperatures between the

Topoclimatic conditions in Hornsund area 89



BRD and BRG stations was 0.73�C/100 m and was lower by 0.09�C, when com−
pared with that between the forefront (MDW) and the glacier (WRD).

During intermediate weather, when ground frost−thaw takes place, the mean
temperature difference in favour of the Polish Polar Station is 0.5�C; whereas, dur−
ing moderately frosty weather 0.2�C. The differences result from warming effect
of the fjord waters during easterly airflow along the axis of the fjord. The same ef−
fect exists during polar night and winter, when the fjord is unfrozen. During mod−
erately warm weather, more favourable climatic conditions occur near the Bara−
nowski Station, with a mean temperature difference of 0.9�C, and the greatest tem−
perature difference is observed during warm weather and is 1.5�C on average.
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