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Abstract: This paper presents the first results of measurements of global solar radiation,
albedo, ground surface and 2−m air temperature, relative humidity, and wind speed and di−
rection carried out in the central part of Spitsbergen Island in the period 2008–2010. The
study site was located on the coastal ice−free zone of Petuniabukta (north−western branch of
Billefjorden), which was strongly affected by local topography, character of the ground sur−
face, and sea ice extent. Temporal analysis of the selected meteorological parameters shows
both strong seasonal and inter−diurnal variation affected by synoptic−scale weather systems,
channelling and drainage effects of the fjords and surrounding glaciers. The prevailing pat−
tern of atmospheric circulation primarily determined the variation in global solar radiation,
wind speed, ground surface and 2−m air temperatures. Furthermore, it was found that ther−
mal differences between Petuniabukta and the nearest meteorological station (Svalbard
Lufthavn) differ significantly due to differences in sea ice concentrations and ice types in
the fjords during the winter and spring months.
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Introduction

In recent studies, many authors indicated that near−surface air temperature in
the Arctic has increased about twice as fast as temperatures in lower latitudes dur−
ing the past few decades (Przybylak 2000; Knutson et al. 2006; Miller et al. 2010).
The Svalbard archipelago has been also the subject of many studies that confirmed
enormous climate warming, reductions in permafrost thickness, glacier retreat,
and changes in vegetation and terrestrial animal habitats (Ziaja 2005; Rachlewicz
and Szczuciński 2008; Moreau et al. 2009; Prach et al. 2012 this issue).

It is well known that regional climate change directly affects the local climate
on a temporal scale, and, therefore, has a pronounced effect on many aspects of
both the abiotic and biotic components of Arctic ecosystems. A local climate
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(topoclimate) is defined as the climate of a relatively small region with predomi−
nantly uniform natural conditions (Barry 2008). A local climate is determined by
several environmental factors, e.g. topography, active ground surface (soil, vege−
tation, and glacier), which directly affect water, biota, and snow cover distribution.
There are pronounced spatial differences in these features over distances of 100 m
to 1–10 km. Topoclimatic effects usually extend to a height of 100 to 1000 m
above the ground depending on local topography and its elevation (Barry 2008).

In the case of the Svalbard archipelago, climate differentiation of ice−free
zones is mainly influenced by local topography, character of ground surface (e.g.
patterned ground, tundra zone, and wetland), and distance from an oceanic and/or
glacial margin. It is apparent that each of these features is related to the effects of
weather systems (atmospheric circulation mode) and microclimatic conditions at
the Earth's surface. However, the local topography (slope orientation, slope angle,
and other relief characteristics) plays an essential role in modifying airflow and
weather systems reaching the Svalbard archipelago. As reported by many authors,
airflow transformation and mountain effects lead to a local circulation system and
local wind occurrence (e.g. Hanssen−Bauer et al. 1990; Serreze et al. 1993;
Førland and Hanssen−Bauer 2003; Niedźwiedź 2007; Kilpeläinen et al. 2011;
Mäkiranta et al. 2011).

One of the first topoclimatic observations on Svalbard was carried out in the re−
gion of Treurenberg Bay and Massif Olimp (NE Spitsbergen) in 1899–1900 (Przy−
bylak and Dzierżawski 2004). The second oldest topoclimatic investigations were
done by the team led by Kosiba at Werenskiold Glacier during the International
Geophysical Year 1957–58 and the years 1959–60 (Kosiba 1960). The spatio−
temporal variation of topoclimatic conditions have been furthermore investigated in
the region of Hornsund, Calypsobyen (West Spitsbergen), Kaffiøyra (Northwestern
Spitsbergen), and Petuniabukta (Central Spitsbergen) by researchers from Wrocław
University, Masaryk University (Brno), Maria Curie Skłodowska University
(Lublin), Nicolaus Copernicus University (Toruń), and Adam Mickiewicz Univer−
sity (Poznań) during several summer expeditions (e.g. Baranowski and Głowicki
1975; Brázdil et al. 1988, 1991; Pereyma and Piasecki 1988; Przybylak 1992; Kejna
and Dzieniszewski 1993; Rachlewicz 2003). Recently, comprehensive studies of the
influence of atmospheric circulation on the local climate have been conducted in
Spitsbergen (Przybylak and Arazny 2006; Marsz 2007; Rachlewicz and Styszyńska
2007; Migała et al. 2008; Bednorz and Kolendowicz 2010).

Atmospheric and climate research have been carried out primarily in the vicinity
of large settlements (Longyearbyen, Ny−Ålesund, Barentsburg, Sveagruva) or re−
search stations (e.g. Polish Polar Station “Hornsund”, Nicolaus Copernicus Univer−
sity Polar Station “Kaffiøyra”) situated along the western and south−western coasts
of Spitsbergen. The first meteorological observations in the region of Petuniabukta
(central part of Spitsbergen) were carried out during the Polish expedition from
Adam Mickiewicz University in 1985 (Kostrzewski et al. 1989). Nevertheless, most
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of the climate studies at Petuniabukta dealt with the analysis of short−term meteoro−
logical measurements and observations conducted during single summer seasons
only (June–August). It is therefore crucial to obtain further quantitative information
about the annual and seasonal variation of weather conditions in the central part of
Spitsbergen in order to understand interactions among the components of the cli−
mate systems and possible consequences for Arctic ecosystems.

This paper provides the first results of comprehensive meteorological observa−
tions conducted in Petuniabukta (Billefjorden, Central Spitsbergen) in the period
2008–2010. Our objectives were, therefore, to evaluate temporal variability of
weather conditions of the coastal ice−free zone of Petuniabukta, and evaluate the
air temperature differences between the study site and the nearest meteorological
station (Svalbard Lufthavn) with regular all−year round observations (Fig. 1). We
focused primarily on describing the diurnal and annual regimes of basic meteoro−
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Fig. 1. Location of the study site in Petuniabukta (Billefjorden), central Spitsbergen. Abbreviations:
AWS – Automatic Weather Station of the Czech Team, LYR – Svalbard Lufthavn Weather Station

(Norwegian Meteorological Institute). Map source: Svalbardkartet, Norwegian Polar Institute.



logical parameters measured at such a remote site as the Petuniabukta, and their as−
sessment in the context of synoptic situations over the Svalbard archipelago. How−
ever, the preliminary character of the presented results arises from their general
analysis and description on which the authors focused at the beginning. This was
mainly due to the quality of the meteorological datasets and partly to a number of
missing parameters (air pressure and wind direction). Hence, detailed analyses, in
particular evaluation of atmospheric processes (e.g. dependence of the selected
meteorological parameters on local atmospheric circulation by objective meth−
ods), will be the subject of further study.

Study area

The investigated area was located on the western coast of Petuniabukta in the
central part of Spitsbergen, the largest island of the Svalbard archipelago (Fig. 1).
The Petuniabukta is part of the northern branch of Billefjorden, which is an exten−
sion of Isfjorden, the second longest fjord in Spitsbergen. The automatic weather
station (AWS) was situated on the flat marine terrace at the geographical coordi−
nates 78�42.11’N, 16�27.64’E and the altitude of 15 m a.s.l. From the southwest−
ern to western sector, it is surrounded by the Pyramiden (935 m a.s.l.), Mumien
(770 m a.s.l.), and Svenbrehøgda (620 m a.s.l.) mountain ranges and numerous
valley glaciers (Ferdinandbreen, Svenbreen, Hørbyebreen, Ragnarbreen, and
Ebbabreen). From the northeastern to southeastern sector, it is close to the hum−
mock tundra, which is regularly flooded with thawing water from snow patches
and several glacier rivers. Another important feature of Petuniabukta is the pres−
ence of seasonal sea ice cover (mainly fast−ice and open drift ice) usually occurring
from December to May (Nilsen et al. 2008). As the AWS was located 500 metres
from the coastline, winds from the southeast to east represented the airflow from
the fjord. An ice−cement type of the permafrost occurs predominantly in the lower
part of the coastal zone. During summer, the permafrost table is located at a depth
of 40–120 cm depending on e.g. altitude, slope and relief exposition (Láska et al.
2010). The vicinity of the AWS is covered by permanent tundra vegetation with
several dominant species: Cassiope tetragona, Dryas octopetala, Carex rupestris,
Salix polaris, and Saxifraga opossitifolia (J. Gloser, personal communication).

Methods

The first part of the AWS was installed at Petuniabukta in October 2007 and
has been operated all−year round since June 2010. Shortwave incoming and re−
flected solar radiations were measured using two identical Shenk 8101 starpyrano−
meters (Ph. Shenk, Austria), with an accuracy of <5% of the nominal value. Addi−
tional errors of the starpyranometers due to ice formation and snow deposition in
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winter and spring may temporarily reduce the daily mean intensity of solar radia−
tion by up to 30%. Ground surface temperature was monitored by an Omega
OS−36−2 near−infrared temperature sensor (Omega, USA), with accuracy ±2% of
the nominal range (−18 to 85�C) and ±5% outside of the temperature range. The in−
struments were located at a height of 1.5 m above ground. As the OS−36−2 sensor
is sensitive to the emissivity of the measured surface, emissivity values were
changed during the year in accordance with the OS36 Operator’s Manual (Omega
Corp. USA, http://www.omega.com). In most cases, surface emissivity was set in
the range of 0.993 (tundra vegetation) to 0.995 (snow) according to the actual
ground surface conditions (M. Bartak, personal communication). Air temperature
and relative humidity were measured by an EMS33 probe (EMS Brno, Czech Re−
public) at the height of 2 m above ground. Accuracy of the temperature probe was
±0.15�C, while humidity probe accuracy was 3% of the nominal value. Wind
speed and direction were recorded by a MetOne 034B anemometer (MetOne,
USA) at a height of 6 m above ground (Fig. 2). Wind speed was monitored with an
accuracy of ±0.1 ms−1 (starting threshold at 0.4 ms−1), while wind direction accu−
racy was ±4�. Solar radiation measurements were taken every 10 s and data were
stored as 30 min averages in a MiniCube VV/VX Data Logger (EMS Brno, Czech
Republic). The other sensors were sampled at 30 min intervals only. High power
consumption of the AWS did not allow measurements of precipitation due to its
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Fig. 2. General view of the automatic weather station located on the marine terrace in the western
coast of Petuniabukta with the Ebba Valley and Ebbabreen in the background.



prevailing solid state and the fact that the whole measuring system was supplied by
small solar panels. All sensors were thoroughly calibrated before installation at the
study site and then regularly every year at the calibration laboratory of the Czech
Hydrometerological Institute, EMS Brno (CZ), and during summer expeditions by
comparison with a CM−11 pyranometer (Kipp & Zonen, Netherlands).

In this study, we use the term albedo when we are referring to the hemispheri−
cal reflection of solar radiation from the Earth’s surface, with wavelengths be−
tween 300 and 3000 nm. Albedo was evaluated from reflected and incoming solar
radiation to determine the occurrence of snow cover at the study site. The albedo
(�) was calculated for each 30−min values as

� = RR / GR

where GR is the intensity of global shortwave radiation incident on the Earth’s sur−
face (Wm−2) and RR the intensity of shortwave radiation intensity reflected from
the surface back to the atmosphere (Wm−2). The albedo was not calculated during
low solar elevation angle, typically being less than 5� (November–February).

The 30−min, daily and monthly means and extreme values from the AWS were
analysed using STATISTICA (2011) and standard statistical methods. This also
includes the standard deviation, correlation coefficient, and variation coefficient
determined for the selected meteorological parameters according to Storch and
Zwiers (1999). Only complete time series of daily mean and extreme values of the
selected meteorological parameters corresponding to the period from August 1,
2008 to June 30, 2010 (698 days) were used for the following analyses. Therefore,
the wind speed and direction data, which included several malfunctions of the ane−
mometer, were reduced to the period from August 1 to September 30, 2008 and the
period from July 1, 2009 to June 30, 2010.

In order to evaluate the weather conditions within the study period, changes in
the atmospheric circulation patterns were analysed and compared with the multiyear
data (1970–2000). The description of atmospheric circulation was based on the cal−
endar of circulation types for the Spitsbergen area, provided by Niedźwiedź (2012).
The principles of the classification are synoptic maps from which direction of the
geostrophic wind and the kind of pressure pattern (cyclonic or anticyclonic) is deter−
mined (Niedźwiedź 2007). The author of the classification distinguished 21 circula−
tion types according to the common directions of advection, adding the symbol “a”
for anticyclonic (high pressure) and “c” for cyclonic (low pressure) systems. Other
distinguished types were the anticyclonic centre over Spitsbergen (Ca), anticyclonic
wedge (Ka), cyclonic centre over Spitsbergen (Cc), cyclonic trough (Bc), and baric
col or synoptic situations which was impossible to classify (X).

The second objective of the analysis was to evaluate air temperature differ−
ences between the study site and the nearest all−year round operating the weather
station at Svalbard Lufthavn (Fig. 1). The meteorological data for Svalbard
Lufthavn were provided by the Norwegian Meteorological Institute in Oslo. The
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station is situated near the mouth of Adventfjorden, approximately 600 m from the
coastline, at an elevation of 28 m a.s.l. Its location in the middle part of Isfjorden
(42 km from the open ocean) contributes to different climate conditions in compar−
ison to meteorological stations along the western and south−western coast of
Spitsbergen, e.g. Ny−Ålesund or Horsund (Przybylak and Araźny 2006). The dis−
tance between the Svalbard Lufthavn station and the study site in Petuniabukta is
56 km (Fig. 1). Due to the fact that sea ice occurrence plays an important role in
shaping the local climate conditions (Kilpeläinen et al. 2011), part of the analysis
was devoted to evaluation of the effects of sea ice occurrence on temperature varia−
tions between both sites. Sea ice conditions were evaluated according to the high
resolution sea ice charts of the Svalbard area provided by the Sea Ice Service of the
Norwegian Meteorological Institute (http://polarview.met.no/).

Results and discussion

Atmospheric circulation. — In order to evaluate the effect of atmospheric
circulation on local weather conditions in the observed period, the classification of
circulation pattern provided by Niedźwiedź (2012) for the Svalbard archipelago
was used. We compared the relative frequency of occurrence of circulation types
in the period from August 2008 to June 2010 against the long−term average values
from 1970 to 2000 (Fig. 3). In the study period (2008–2010), cyclonic activity pre−
vailed on 58.9% of the days, while anticyclonic situations occurred in only 38.1%.
The most common circulation types were from the northeastern sector, with fre−
quency of occurrence being 9.6% (Ec type), 9.0% (Nc type), 8.3% (SEc type) and
7.2% (NEc type). Considerably high frequencies were found also for the anticy−
clonic wedge (Ka type – 9.0%), trough of low pressure (Bc type – 8.6%), and anti−
cyclonic situations from the northeastern sector, Na (5.7%), NEa (5.3%), and Ea
(6.3%) in particular. The highest activity of the cyclonic circulation was found in

Weather patterns of Petuniabukta, central Spitsbergen 303

Fig. 3. Relative frequency of occurrence of circulation types over Spitsbergen area in the period from
August 2008 to June 2010, as compared with the long−term average from 1970 to 2000.



autumn (88.2%) and winter (86.6%). Conversely, the anticyclonic types were
most common in summer (35.3%) and spring (19.0%). A very similar distribution
of baric patterns was found from 1970 to 2000, where the cyclonic situations pre−
vailed in 59.4%, while the anticyclonic situations occurred in 37.3% of the days.
The remaining types of circulation (X – baric col or other unclassified situations)
were recorded at frequencies of 3.0% (2008–2010) and 3.3% (1970–2000) respec−
tively. The highest differences in circulation pattern between the study period and
the 1970–2000 period were found during cyclonic situations (Fig. 3). The circula−
tion types Nc, SEc and Bc (troughs of low pressure) showed considerable in−
creases in frequency by +3.3%, +1.5% and +2.3%, compared to the long−term av−
erage values. On the other hand, circulation types NEc and SWc, with differences
of −2.0% and −2.1%, occurred less frequently compared to the long−term averages.
The anticyclonic situations were most frequently represented by type Na, with a
difference of +1.9%, while type Ka decreased in frequency by −1.4% compared to
the long−term average values (Fig. 3). A similar pattern of atmospheric circulation
over the Svalbard area, as well as similar seasonal variation of circulation types,
were found by Førland and Hanssen−Bauer (2003), Przybylak and Araźny (2006),
Niedźwiedź (2007), and Migała et al. (2008).

Surface Wind Field. — The relative frequency of wind direction measured at
the 6−m mast was estimated from 30−min data. The effect of local topography on
the wind pattern in Petuniabukta is evident in Fig. 4. From July 2009 to June 2010,
the prevailing wind directions were observed from the south (9.6%), northeast
(8.2%), and northwest (7.8%), which clearly corresponded with the local topogra−
phy and longitudinal axis of the Billefjorden, Ragnardalen, and Ferdinanddalen
valleys. Such a channeling effect in Petuniabukta was confirmed by the studies of
Rachlewicz and Styszyńska (2007), and Bednorz and Kolendowicz (2010). On the
other hand, northerly winds (2.4%) had the lowest frequency of wind direction.
Seasonal variation in the frequency of main drainage flows was apparent between
cold and warm periods of the year. Southerly and northeasterly winds were most
common in summer (June–August), with a frequency of occurrence representing
16.1% and 14.5% of all cases. Conversely, these winds rarely appeared from Octo−
ber to February, which had frequencies between 6.6% and 5.0% in all cases.

Mean wind speed during the study period was estimated at 3.9 ms−1. The stron−
gest winds were primarily connected to the northeasterly flow from the Ragnar−
dalen and Ebbadalen valleys (Ragnarbreen and Ebbabreen glaciers). In this case,
mean wind speed varied between 5.4 ms−1 for ENE and 6.4 ms−1 for NNE directions
Fig. 4. The daily maximal wind speed from these directions exceeded 11.9 ms−1.
Due to the blocking effects of the Pyramiden, Mumien, and Svenbrehøgda moun−
tain ranges, the lowest wind speed was observed from the western sector, with
mean values ranging from 2.5 ms−1 (WSW) to 2.8 ms−1 (WNW). Therefore, daily
maximal wind speed from western sector was 8 ms−1 only. Generally, the westerly
winds occurred primarily in autumn and winter (October–February), with a wind
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frequency of 8.1% for all cases. The highest daily mean wind speed exceeded 12.2
ms−1 on April 12, 2010. During this event, a low pressure system passed over
Spitsbergen, which was accompanied by changes in atmospheric circulation from
types Bc (April 11, 2010), Cc, and Nc to SEc (April 14, 2010). This was also re−
flected in sudden changes in surface wind direction, turning from westerly to
northeasterly and southeasterly flows. A maximum 30−min average wind speed of
23.6 ms−1 was measured from the northeast on January 27, 2010. In this situation,
circulation type Ec stayed over Spitsbergen until 28 January 2010, while the direc−
tion of the geostrophic wind (estimated from an ECMWF analysis) approached
more to the southeast. On the other hand, daily mean wind speed was smaller than
1 ms−1 for 15.7% of the time between July 2009 and June 2010. The lowest
monthly mean wind speed was observed in December 2009 (2.9 ms−1), while the
highest monthly wind speed was reached in March 2010 (5.1 ms−1). These results,
however, differ from the previous study of Kruszewski (2006), who estimated sea−
sonal variation of geostrophic winds over the Spitsbergen area from 1981–2005,
with the highest monthly U−wind values in June and July, while the lowest values
occurred in February and March.

In general, the local winds in Petuniabukta were affected mainly by large−scale
circulation. As in most fjords in Svalbard, channeling effects and katabatic flows oc−
cur in Petuniabukta as well. It is evident that local topography, together with the ma−
jor driving mechanism of the land−sea breeze circulation driven by horizontal tem−
perature differences between the open water of the fjords and the glaciers, may lead
to significant differences in the surface wind pattern (Esau and Repina 2012). There−
fore, along−fjord (southern) winds in Petuniabukta were the most frequent in the
study period. Similar features were found during the northeasterly drainage flow
from the Ragnarbreen glacier, from which the highest wind speed was recorded.

Global solar radiation. — Temporal variability of the selected meteorological
elements measured at Petuniabukta from August 1, 2008 to June 30, 2010 is shown
in Fig. 5 and Table 1. The seasonal variation of incoming solar radiation intensity
ranged from 0 to about 380 Wm−2, which can be expected from the geographic loca−
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Fig. 4. Relative frequency of wind direction, mean wind speed, and 2−m air temperature, according to
the airflow direction at Petuniabukta in the period from July 2009 to June 2010.



tion of the study site, and changes in solar elevation angle and the Earth–Sun dis−
tance through the year. The annual course of solar radiation intensity was modified
by the phenomena of the polar day and the polar night. The polar day at Petuniabukta
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Fig. 5. Time series of daily means of global solar radiation, albedo, ground surface temperature, 2−m
air temperature, and relative humidity at Petuniabukta in the period 2008–2010.



lasts from April 17 to August 25 (131 days) and the polar night from October 26 to
February 16 (114 days). Zero radiation intensity due to the actual atmospheric con−
ditions and local topography occurred from October 31, 2008 to February 9, 2009
(101 days) and from October 30, 2009 to February 10, 2010 (103 days) respectively.
The annual mean solar radiation in 2009 was 84.5 Wm−2, while the maximum
monthly means were recorded in July 2009 (247.2 Wm−2) and June 2010 (240.7
Wm−2). The maximum daily means of 381.3 Wm−2 and 369.0 Wm−2 were measured
during clear sky conditions on June 21, 2009 and June 28, 2010 respectively.

Apart from the above−mentioned factors, cloudiness and its optical properties
strongly modulate the intensity of solar radiation on the Earth’s surface. The diurnal
course of solar radiation intensity within two summer days with varied cloudiness is
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Table 1
Seasonal variation of monthly means and extremes of the selected meteorological parame−

ters at Petuniabukta in the period 2008–2010.

Month
−Year

Global
radiation Albe−

do

Ground surface
temperature 2−m air temperature Rela−

tive
humi−
dity

Wind
speed

Max
wind
speedMean Max Min Mean Max Min

[Wm−2] [�C] [�C] [�C] [�C] [�C] [�C] [%] [ms−1] [ms−1]

Aug−2008 108.0 0.14 6.6 18.2 −1.7 4.7 10.9 0.2 86.0 3.0 13.9

Sep−2008 31.3 0.12 2.4 9.5 −8.0 2.5 9.8 −6.2 86.6 3.8 14.5

Oct−2008 5.6 0.47 −7.3 1.5 −20.0 −6.3 4.1 −16.2 78.5 – –

Nov−2008 0.0 – −12.3 0.5 −25.8 −9.6 3.4 −20.6 76.7 – –

Dec−2008 0.0 – −11.6 0.9 −30.6 −9.6 2.9 −24.2 81.5 – –

Jan−2009 0.0 – −16.8 0.7 −36.2 −14.6 1.7 −33.3 78.9 – –

Feb−2009 1.5 – −15.8 0.7 −33.4 −12.9 3.0 −27.0 76.8 – –

Mar−2009 33.2 0.80 −13.9 −1.8 −34.6 −12.3 0.1 −26.3 82.8 – –

Apr−2009 150.8 0.80 −19.5 −1.8 −33.7 −17.0 −0.6 −26.9 75.1 – –

May−2009 218.1 0.79 −3.2 1.0 −19.6 −1.4 9.1 −15.0 77.8 – –

Jun−2009 247.2 0.38 3.5 21.0 −5.9 2.7 10.0 −4.0 79.6 – –

Jul−2009 199.4 0.14 10.8 26.5 1.6 7.2 16.2 1.2 76.9 4.0 14.6

Aug−2009 114.5 0.14 8.2 23.5 −3.7 6.2 12.6 −0.2 86.1 3.2 13.6

Sep−2009 39.7 0.14 2.1 14.5 −5.6 1.9 9.7 −4.9 83.5 3.4 14.2

Oct−2009 4.8 0.74 −5.6 1.0 −19.5 −4.3 2.7 −13.4 84.7 3.2 14.6

Nov−2009 0.0 – −4.0 1.0 −18.7 −3.0 4.1 −16.6 85.9 3.4 15.6

Dec−2009 0.0 – −9.2 0.9 −24.0 −6.7 2.6 −18.3 80.7 2.8 16.0

Jan−2010 0.0 – −11.4 1.0 −31.1 −9.8 3.5 −24.6 79.9 4.6 23.6

Feb−2010 1.7 – −15.9 −2.4 −31.3 −12.2 −0.6 −26.6 72.8 3.2 15.7

Mar−2010 39.9 0.72 −18.2 −2.4 −30.6 −15.9 −1.5 −26.2 78.1 5.0 19.5

Apr−2010 148.3 0.74 −11.7 −1.5 −24.8 −9.5 −0.4 −19.6 78.0 4.3 16.4

May−2010 207.0 0.63 −1.2 3.2 −17.8 −0.1 7.0 −12.3 80.9 3.1 12.0

Jun−2010 240.7 0.14 7.9 23.1 −0.7 3.3 9.6 −1.0 80.4 4.0 14.2



shown in Fig. 6. Clear sky conditions on July 6, 2009 were apparent in the high in−
tensity of incoming radiation, with a 30−min mean maximum of 541 Wm−2, while an
overcast sky on July 8, 2009 was pronounced in the low diurnal course with a
30−min mean maximum of 271 Wm−2. High inter−diurnal and diurnal variations of
solar radiation were found in the summer period (June–August). The remoteness of
Petuniabukta from the nearest settlements, as well as the monitoring systems of the
AWS, did not allow year−round observations of cloudiness. Therefore, cloudiness
was approximately evaluated using global radiation and its attenuation by the cloud
cover. As seen in Figs 5 and 6, there were inter−diurnal changes in the incoming radi−
ative flux, which fluctuated between 90–200 Wm−2 per 24 hours depending on
cloudiness. The effect of reduced cloudiness on solar radiation was also apparent
within the spring periods, with the monthly mean values ranging between 150.8 and
218.1 Wm−2 (April–May 2009) and 148.3 and 207.0 Wm−2 (April–May 2010).

The significant dependence of solar radiation on cloudiness and prevailing
weather systems (air mass origin) was also confirmed by variation coefficients calcu−
lated for April–September according to Storch and Zwiers (1999). As seen in Table 2,
the variation coefficient of solar radiation gradually increased from spring to autumn
2008 and/or 2009, due to increasing cyclonic activity, cloudiness and its fast changes.
Therefore, the highest coefficients of variation were 66.2% (September 2008),
122.7% (October 2008) and 107% (October 2009). During these months, there was
an increase in cloudiness due to cyclonic situations represented mainly in higher fre−
quency of the types Nc (25.8% – October 2009), NEc (12.9% – October 2008), and
Ec (29.0% – October 2008). This was also confirmed by long−term average values
(1970–2000), where the circulation type Ec was the most frequent in September
(10.4%) and October (12.4%), while type NEc was dominant in October (10.8%).
Moreover, considerably high coefficients in March 2009 (70.6%) and 2010 (61.9%)
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Fig. 6. Diurnal course of global solar radiation intensity (grey bars), 2−m air temperature (Ta) and
ground surface temperature (Ts) at Petuniabukta on a clear sky (6 July 2009) and overcast conditions

(8 July 2009).



were probably caused by the small solar elevation angle and biases of solar radiation
measurements. On the other hand, sunny weather, with the smallest changes in cloud−
iness, was affected by anticyclonic situations, which prevailed in May 2009 and
2010. In these cases, the variation coefficients ranged only from 27.7 to 28.3% due to
anticyclonic situations, with the highest occurrence of types Ea (16.1% – May 2010),
Ka (16.1% – May 2010), and Wa (19.4% – May 2009). It is supported by the
long−term average values (1970–2000), where type Ka (anticyclonic wedge), with a
frequency of 17.6%, was one of the most frequent types in May. This is consistent
with the findings of previous studies on solar radiation, cloudiness and the surface en−
ergy budget in the Ny−Ålesund region (Ørbæk et al. 1999; Przybylak and Araźny
2006). In general, the maritime climate of the Svalbard archipelago is formed by a
high amount of clouds, large short−term variation in cloudiness, and the high fre−
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Table 2
Seasonal variation of 2−m air temperature, ground surface temperature, global solar radia−
tion intensity, albedo, and relative humidity expressed by the standard deviation and coef−

ficient of variation at Petuniabukta in the period 2008–2010.

Month−Year
Standard deviation [�C] Coefficient of variation [%]

Air
temperature

Ground surface
temperature

Global solar
radiation Albedo Relative

humidity

Aug−2008 1.5 1.8 44.3 8.8 8.7

Sep−2008 2.9 3.0 66.2 15.3 10.9

Oct−2008 3.6 3.9 122.7 41.9 9.6

Nov−2008 5.1 5.9 – – 12.3

Dec−2008 5.5 6.2 – – 10.4

Jan−2009 10.7 11.3 – – 18.2

Feb−2009 6.6 8.6 – – 18.8

Mar−2009 6.2 7.0 70.6 7.2 15.6

Apr−2009 4.5 5.3 32.3 6.4 10.9

May−2009 3.0 3.5 27.7 3.1 13.5

Jun−2009 2.3 4.3 31.0 73.8 5.9

Jul−2009 2.8 3.2 51.1 10.2 16.2

Aug−2009 2.0 3.1 50.5 10.2 9.5

Sep−2009 2.5 2.6 45.4 20.7 10.2

Oct−2009 3.0 3.5 107.0 25.5 8.7

Nov−2009 4.2 4.4 – – 10.3

Dec−2009 5.1 6.0 – – 12.3

Jan−2010 7.6 8.7 – – 20.1

Feb−2010 6.5 7.7 – – 17.2

Mar−2010 3.8 4.5 61.9 8.8 13.8

Apr−2010 3.9 4.4 34.2 7.4 7.1

May−2010 2.5 2.7 28.3 22.9 10.4

Jun−2010 2.4 3.3 36.4 31.1 11.2



quency of Arctic sea fog, formed by the advection of relatively warm air over colder
surfaces, predominantly in summer (Svendsen et al. 2002).

Albedo and snow cover occurrence. — Albedo from reflected and incoming
solar radiation intensities was calculated to determine the occurrence of snow
cover at the study site. Mean albedo was 0.50 in the period from August 1, 2008 to
June 30, 2010. Seasonal variation of albedo was affected by the character of the
ground surface (Fig. 5). Therefore, monthly mean albedo varied from 0.12 over
tundra (September 2008) to 0.80 during snow accumulation (March–April 2009).
Albedo over tundra vegetation in both dry and wet conditions typically ranged
from 0.11 to 0.16. On the other hand, albedo of fresh snow in March and April
reached up to 0.87. Analysis of the albedo was used to estimate snow cover occur−
rence near the study site. The first day with snow cover was frequently observed at
the beginning of October, while the last day occurred in the first half of June. Per−
manent snow cover lasted from October 16, 2008 to June 16, 2009 (243 days) and
from October 3, 2009 to June 5, 2010 (245 days). The effect of direct solar radia−
tion and thermal advection on snow cover thawing is shown in Fig. 5. From the
albedo variation and its spring decline, it was estimated that the last snow cover
melted within different time periods: June 13–16, 2009 (4 days) and May 27 – June
16, 2010 (20 days). Apart from a low summer albedo (0.14), high inter−diurnal
variation was found in September and October due to the first snowfalls and fast
thawing of snow cover (Table 2). Due to this fact, daily mean albedo in autumn
varied between 0.11 and 0.94. The snow−free period in Petuniabukta typically
lasted from the first half of June to the beginning of October (120 days).

Surface ground temperature. — Surface ground temperature of the tundra
vegetation was measured close to the AWS. The annual mean temperature in 2009
was −5.2�C, while monthly mean temperature ranged from −19.5�C (April 2009) to
10.8�C (July 2009). Daily mean temperature varied between −32.6�C to 15.6�C
(Fig. 5 and Table 1). The lowest surface temperature of −36.2�C was observed on
January 7, 2009 on the snow surface. The highest surface temperature rose to
26.5�C on July 11, 2009 due to the high intensity of incoming radiation that inci−
dents on the dry tundra vegetation surface. These conditions occurred during an
eastern advection (circulation type Ea) characterized by a clear sky and wind speed
of less than 2 ms−1. The diurnal course of surface temperature during two different
days with different weather conditions in July 2009 is shown in Fig. 6. The typical
diurnal sinusoidal behavior was found under clear sky conditions (July 6, 2009)
with high intensity of solar radiation and a noon−time surface temperature reaching
22.3�C. On the contrary, a rather suppressed diurnal course, with noon−time tem−
perature of 16�C, was caused by an overcast sky and relatively low incoming radi−
ation (July 8, 2009). Differences in the diurnal course were mainly affected by
changes in circulation conditions over the Spitsbergen area, where the type NEa
(July 6, 2009) was swiftly replaced by the NWc type (July 8, 2009).
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Short−term variability of the daily mean surface temperature often exceeded
20�C during winter and spring, with the highest standard deviation between
11.3�C (January 2009) and 8.7�C (January 2010). As seen in Table 2, the lowest
deviation was found in August 2008 (1.9�C) and September 2009 (2.6�C). The
rapid increase of surface temperature above 0�C was observed in the first half of
June after intensive snow melting. The first day with a negative surface tempera−
ture occurred on September 4, 2008 and August 16, 2009, while permanent freez−
ing of the ground surface was measured on October 10, 2008 and October 2, 2009.
The dependence of surface ground temperature on the snow cover was clearly
documented in positive surface temperatures, which followed after the last day
with snow cover by a delay of 1–3 days.

Relative air humidity. — In the study period, mean relative humidity at 2 m
above the ground surface exceeded 80%. As seen in Table 1, seasonal variation of
relative humidity was relatively small, and therefore, monthly mean humidity
ranged from 72.8% (February 2010) to 86.6% (September 2008). Daily mean rela−
tive humidity varied between 29.6% and 99.9% (Fig. 5). Daily mean humidity was
higher than 70% in 84.1% of the study period. The highest variation of humidity
and daily minimum values (less than 50%) were typically observed from the be−
ginning of January to mid April (Table 2). On the other hand, the lowest variation
occurred from June to August due to weak cyclonic activity and small inter−diurnal
variation of the other meteorological parameters such as global solar radiation and
2−m air temperature. This suggests that the high frequency of Arctic sea fog
formed by the advection of relatively warm (maritime) air masses over the colder
surfaces of the fjords and glaciers significantly influenced the high values of rela−
tive humidity also in Petuniabukta.

Air temperature. — The monthly means and extremes of air temperature at 2
m above the ground surface are shown in Table 1. The annual mean temperature in
2009 reached −4.5�C, while monthly mean air temperature ranged from −17.0�C
(April 2009) to 7.2�C (July 2009). The lowest air temperature of −33.3�C was ob−
served on January 12, 2009. The highest air temperature rose to 16.2�C on July 28,
2009 during partly cloudy weather with a wind speed less than 4 ms−1. As seen in
Fig. 5, daily mean air temperature varied between −32.6�C and 12.2�C. The daily
mean temperature was higher than 5�C for 51% of the time between June and Au−
gust 2009. By contrast to the ground surface temperature, the diurnal course of 2−m
air temperature did not tightly follow solar radiation intensity (Fig. 6). Due to this
fact, the highest air temperature under clear sky conditions on July 6, 2009 was ob−
served at 18 local time. Short−term variability of daily mean air temperature was
found in winter and spring, when it often exceeded 15�C. Therefore, the highest
standard deviation of air temperature occurred in January 2009 (10.7�C) and Janu−
ary 2010 (7.6�C). Conversely, the lowest deviation was found in August 2008
(1.5�C) and August 2009 (2.0�C).
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The positive surface energy balance due to the force of the solar radiation
reaching the tundra vegetation strongly affected the diurnal amplitude of both
ground surface and 2−m air temperatures (Fig. 6). However, the dependence of
daily mean surface temperature on daily mean solar radiation was apparently
weaker than between ground surface and 2−m air temperatures. The correlation co−
efficient varied between 0.433 (surface temperature as a function of radiation) and
0.983 (2−m air temperature as a function of surface temperature) at the significance
level of 0.05. The above results were calculated for the snow−free period, from
June to August in particular. Moreover, both relationships varied over time, with
the highest correlations of 0.543 and 0.931 in July 2009. The seasonal variation of
the correlation coefficient, therefore, clearly confirmed the essential roles of
large−scale thermal advection and snow cover occurrence on air temperature varia−
tion in Petuniabukta. These results are in agreement with the previous studies of
Winther et al. (2002), and Leszkiewicz and Caputa (2004), who carried out re−
search in the regions of Ny−Ålesund and Hornsund, respectively.

The role of local wind at 6 m above the ground surface on the 2−m air tempera−
ture was studied in the period from July 2009 to June 2010 (Fig. 4). The highest air
temperatures were primarily found in the air flow from the southeast sector. In
these cases, mean air temperature varied between 0.2�C (south), −1.1�C (east), and
−1.6�C (southeast). Furthermore, relatively warm air flow exceeding −1.9�C was
documented from the northeast. This feature suggests a significant influence of
large−scale circulation, through which mild maritime air masses come along the
longitudinal axis of the Billefjorden, Ragnardalen, and Ebbadalen valleys. These
conditions frequently occurred during cyclonic circulation linked to types Ec, SEc
and NEc. Considerably cold air flow was recorded from the southwest to north−
west sectors. The lowest mean temperature (−8.4�C) was found during a north−
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Fig. 7. A. Scatter plot of daily mean 2−m air temperature at Petuniabukta versus Svalbard Lufthavn in the
period 2008–2010. Abbreviations on the graph: AT – air temperature, r – correlation coefficient, p – sig−
nificance level. B. Relative frequency of differences of daily mean 2−m air temperatures between
Petuniabukta and Svalbard Lufthavn, with the fitting of normal distribution function. Positive differ−

ences correspond to higher temperatures at Petuniabukta than in Svalbard Lufthavn and vice versa.



westerly wind, while winds from the southwest to west caused the temperature to
drop to −4.7�C and −7.6�C, respectively. This is also consistent with a gradual in−
crease in geostrophic winds from the northern and western sectors and high fre−
quency of the circulation types Nc (9.7% – January 2009), NWc (9.7% – January
2009), and SWc (22.6% – January 2010) during winter.

Comparison of air temperature between Petuniabukta and Svalbard
Lufthavn. — In order to evaluate the differences in weather conditions between
Petuniabukta and the nearest all−year round operating AWS (Svalbard Lufthavn),
2−m air temperature differences were calculated for the study period. Hereafter,
positive differences correspond to higher temperatures at Petuniabukta, while neg−
ative differences indicate a higher temperature at the Svalbard Lufthavn station.
As seen in Fig. 7 and Table 3, thermal differences confirmed the similar features of
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Table 3
Seasonal variation of monthly means and extremes of 2−m air temperature differences be−

tween Petuniabukta and Svalbard Lufthavn in the period 2008–2010.

Month−Year

Air temperature difference Standard
deviation

Monthly
correlation
coefficient

Mean Min Max

[�C] [�C] [�C] [�C]

Aug−2008 −0.3 −3.0 1.5 1.2 0.67

Sep−2008 −0.8 −2.7 0.7 0.8 0.97

Oct−2008 −0.7 −3.5 2.0 1.3 0.94

Nov−2008 −1.0 −3.2 1.3 1.2 0.97

Dec−2008 −1.5 −5.0 2.3 1.7 0.95

Jan−2009 −1.9 −7.0 5.8 3.0 0.96

Feb−2009 −1.6 −4.7 1.1 1.5 0.97

Mar−2009 −0.7 −4.8 6.2 2.2 0.94

Apr−2009 −1.2 −4.0 2.9 1.6 0.94

May−2009 −0.3 −2.6 1.7 0.8 0.96

Jun−2009 −0.3 −2.6 1.9 1.1 0.88

Jul−2009 −0.5 −2.4 1.7 1.2 0.90

Aug−2009 −0.1 −2.8 2.6 1.0 0.86

Sep−2009 0.2 −2.0 1.7 0.8 0.94

Oct−2009 −0.7 −4.0 2.7 1.6 0.84

Nov−2009 −1.1 −4.7 1.2 1.3 0.95

Dec−2009 −1.2 −3.8 1.1 1.0 0.98

Jan−2010 −2.5 −6.7 0.3 1.7 0.98

Feb−2010 −1.8 −6.5 1.8 1.9 0.97

Mar−2010 −0.1 −4.6 4.9 2.6 0.77

Apr−2010 −1.8 −4.5 0.6 1.3 0.94

May−2010 −0.1 −2.0 1.1 0.8 0.94

Jun−2010 −0.3 −2.2 2.2 0.9 0.93



the local weather conditions between both sites. The mean temperature difference
was −0.9�C from August 1, 2008 to June 30, 2010. The monthly mean differences
ranged from −2.5 (January 2010) to 0.4�C (July 2010). The occurrence of positive
daily mean differences was significantly smaller than negative ones (Fig. 7). Due
to this fact, daily mean temperature at Svalbard Lufthavn was higher than that in
Petuniabukta (negative thermal differences) in 69.2% of the period. Conversely,
positive thermal differences, ranging from 0–1�C, occurred in 22.1% of the period.
The highest negative daily mean difference was observed in January, while the
highest positive ones in March. Seasonal variation of the thermal differences was
expressed by standard deviation and the correlation coefficient between 2−m air
temperatures at Petuniabukta and Svalbard Lufthavn. From Table 3, it is apparent
that the closest relationship between both time series occurred in winter and spring
(November–May), with correlation coefficients of 0.96 (2009) and 0.93 (2010) at
the significance level of 0.05. On the other hand, the highest negative differences
and standard deviations were found in the same period. The highest standard devi−
ations were reported in January 2009 (3.0�C) and March 2010 (2.6�C). A slightly
weaker connection was found in summer, with a correlation coefficient of 0.88
(June–August 2009). In spite of this fact, small standard deviations (interval of
1.0–1.2�C) and thermal differences, ranging from −0.3 to −0.1�C, were observed in
the same period. Similar findings were previously reported by Rachlewicz and
Styszyńska (2007) who compared air temperatures between Petuniabukta and
Svalbard Lufthavn in the period from July 7, 2001 to August 13, 2003.

Seasonal variation of the thermal differences could be partly explained by both
the effects of large−scale advection and the effects of local topography (e.g. blocking
effect of the mountains, drainage effect of the fjords), character of the ground surface
and their consequences on cloudiness variation and surface energy fluxes. This sug−
gests that the local wind pattern, which is controlled by thermodynamical processes
during advection of different air masses (large−scale weather systems), may also lead
to thermal differences at the ground surface. Therefore, the highest negative thermal
differences occurred during light winds from the western quadrant and strong radia−
tive cooling of the snow/ice surface. Less often, the highest negative differences
were observed for the northern and eastern sectors. Hence, the highest negative dif−
ferences (less than −5.0�C) occurred only in January and February, when 2−m air
temperatures at Petuniabukta dropped below −22�C. In these cases, local weather
conditions were affected by the northerly and northwesterly geostrophic flows
linked to circulation types NWa, with a thermal difference of −6.8�C (January 12,
2010), Nc and NWc, with differences of −6.3 and −6.5�C, respectively (January
12–14, 2009). Conversely, positive differences were observed during northeasterly
drainage flow from the Ragnarbreen and Ebbabreen glaciers and southerly flow
along the longitudinal axis of Billefjorden and Petuniabukta in particular. In these
situations, the local weather conditions at both sites were affected by circulation type
Ec, with a positive thermal difference of 6.3�C (March 24, 2009) and type NEa with
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the difference reaching up to 6.0�C (January 2, 2009). During these events, 2−m air
temperatures at Svalbard Lufthavn dropped below −20�C, probably due to the differ−
ent orientation of the fjord axis and gradual deceleration of the movement of the cold
air mass into the inner parts of the fjords and the coastal zones.

Apart from the above−mentioned results, we found that in many cases the tem−
perature differences between both sites can be affected by the sea ice conditions in
Isfjorden and Petuniabukta in particular. High resolution sea ice charts of the
Svalbard area were used for the comparison and evaluation of these effects. Data
on sea ice extent indicate that Petuniabukta was mainly covered with fast ice or
open drift ice (ice concentration between 1/10 and 4/10), which usually begin to
form from October to December, but due to strong winds and high waves was bro−
ken up and often disappeared. The inner parts of Billefjorden and Petuniabukta
were completely covered by sea ice mostly from January to June. In the study pe−
riod, sea ice formation (open drift ice) started in Petuniabukta on November 3,
2008 (October 2, 2009), while the middle part of Isfjorden (near the Svalbard
Lufthavn station) was covered by sea ice from December 12, 2008 (November, 24,
2009). Petuniabukta was completely covered with fast ice or closed drift ice (ice
concentration more than 7/10) from January 2, 2009 (January 10, 2010) to June 11,
2009 (June 22, 2010). In the same period, open drift ice mostly occurred in the
middle part of Isfjorden with a high variable of ice concentration between 1/10 and
7/10. In addition, ice−free situations appeared in this area, e.g. on January 19–22,
2009, January 12, 2010 and from March 12 to April 6, 2010. Hence, the negative
thermal differences (higher temperature at Svalbard Lufthavn station) from −1.5�C
to −6.8�C frequently occurred when the sea ice conditions significantly differed be−
tween both sites. This was also the situation on January 12–14, 2009 and January
12, 2010, with fast ice in Petuniabukta and open water (or open drift ice) in the
middle part of Isfjorden. On the other hand, thermal differences higher than −1.4�C
were affected by both the particular sea ice extent and the effects of large−scale
circulations.

Conclusions

In this paper, we have provided the first analysis and results of the fundamental
meteorological parameters measured at Petuniabukta in the period from August
2008 to June 2010. It has been shown that weather conditions in the central part of
Spitsbergen were significantly influenced by atmospheric circulation, cloudiness,
local topography, and sea ice extent. The results must be treated with caution due to
the fact that several factors, such as air pressure variation and precipitation, were not
considered. In general, our results confirm that synoptic−scale weather systems,
character of the ground surface and air−sea temperature differences play major roles
in forming local weather patterns at Petuniabukta. The influence of atmospheric cir−
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culation and local wind conditions were clearly pronounced in the variations of air
temperature and surface wind speed. The highest air temperatures, ranging from
0.2�C to −1.9�C, were primarily found when winds were from the eastern and south−
ern quadrants, associated with predominantly cyclonic circulations (Ec, SEc and
NEc types). These large−scale flows were often modified by channelling and drain−
age effects accompanied by an increase in local wind speed. Therefore, strong kata−
batic winds in Petuniabukta were documented from the northeast and east towards
the Ragnarbreen and Ebbabreen glaciers. Such a wind mainly occurred in autumn
and winter, associated with circulation types Nc, NEc, Ec and Ea. In spite of this fact,
the lowest air temperature was observed during a flow from the western quadrant
with a mean wind speed of less than 3 ms−1. The occurrence of relatively cold air in
Petuniabukta can be explained by a combination of several factors: (1) a blocking ef−
fect of the mountains along the north−western coast of Petuniabukta, (2) strong trans−
formation and a long fetch of the flow over these mountains, and (3) strong radiative
cooling of the airflow from the snow and sea ice surface. A considerable close rela−
tionship between the ground surface and 2−m air temperatures was primarily re−
ported during summer than winter. Furthermore, thermal differences between
Petuniabukta and Svalbard Lufthavn confirmed that local weather conditions differ
significantly between these sites, with sea ice cover in the fjords, advection of air
masses from different directions, and the area of origin playing essential roles. The
highest thermal differences between the sites were mainly affected by differences in
sea ice concentrations and ice types in Petuniabukta in contrast to the middle part of
Isfjorden close to the Svalbard Lufthavn station.
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