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Abstract: The objective of the study was to determine multi-annual changes and vari-
ability of occurrence of cold spells in summer and warm spells in winter on Spitsbergen
in the period 1976-2016, and circulation conditions of their occurrence. Cold days in
summer were defined as days with mean daily air temperature lower than temperature
corresponding to the 10t percentile from daily temperature, and warm days in winter
as days with mean daily air temperature exceeding the 90t percentile from daily air
temperature. The research showed a statistically significant increase in mean air tem-
perature, the rate of which in winter was more than four times higher than in summer.
The observed warming translated into a decrease in the number of cold days in sum-
mer (-2.5 days/10 years in Svalbard Lufthavn and -1.3 days/10 years in Ny-Alesund)
and an increase in the number of warm days in winter (2.7 days/10 years in Svalbard
Lufthavn and 2.4 days/10 years in Ny-Alesund), and warm and cold spells related to
the frequency of such days. The rate of the changes was higher in Svalbard Lufthavn
than in Ny-Alesund. The occurrence of cold days and cold spells was particularly related
to the advection of air masses from the north-western sector. The occurrence of warm
days and warm spells was related to the advection of air masses from the south-west.

Key words: Arctic, Svalbard, thermal spells, climate change, atmospheric circulation.

Introduction

The rate of modern climate changes is increasing (IPCC 2013). This is
suggested by not only the increasing value of the trend of global air temperature
(1°C since 1880), but also by the record high air temperature appearing in
subsequent years, like in 2015, 2016, 2017 and 2018 (www.climate.nasa.gov).
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Such a culmination of warm years occurred for the first time in the history of
instrumental measurements (Rahmstorf et al. 2017).

In the Arctic, the rate of changes in air temperature is at least twice higher
than global trends (Miller et al. 2010; AMAP 2011; Walsh et al. 2011; Bintanja
and van der Linden 2013; IPCC 2013), and shows both spatial (Bhatt et al.
2010) and temporal variability; in the annual and multi-annual scale (Gjelten
et al. 2016). In the multi-annual course of air temperatures on the Svalbard,
two warm phases are designated: so-called early 20t century warming in the
period 1920-1960, and modern warming which commenced at the turn of the
1980°s and 1990’s and has been lasting until now (Styszyfiska 2011; Gjelten et
al. 2016; Vikhamar-Schuler et al. 2016; Lupikasza and NiedZwiedz 2019). In the
annual scale, the course of air temperatures is much more intensive in winter
than in summer (Bednorz 2011; Bednorz and Kolendowicz 2013; Tomczyk and
Bednorz 2014; Gjelten et al. 2016; Isaksen et al. 2016; Lupikasza and Niedzwiedz
2019). The mean rate of increase in temperatures in winter exceeds 1.6°C/10
years, and in summer it reaches approximately 0.7°C/10 years (Bednorz 2011;
Fgrland et al. 2011; Bednorz and Kolendowicz 2013; Tomczyk and Bednorz
2014; Gjelten et al. 2016; Wei et al. 2016; Arazny 2019).

Scenarios of changes in the climate of the Spitsbergen assume a further
increase in air temperature, particularly in the winter season. According to Osuch
and Wawrzyniak (2016), in far future (2071-2100), an increase in air temperature
may exceed 11°C in relation to the reference period. The modern climate warming
leads to an increase in the frequency of occurrence of warm days and warm
spells (Bednorz 2011; Tomczyk and Bednorz 2014; Vikhamar-Schuler et al.
2016; Wei et al. 2016). The above changes are accompanied by a decrease in the
number of frosty days and frost waves (Bednorz 2011; NiedZwiedZ et al. 2012;
Bednorz and Kolendowicz 2013; Lupikasza and NiedZzwiedZ 2013; Tomczyk
2014; Matthes et al. 2016; Sulikowska 2017). The occurrence of cold spells in
summer and warm spells in winter, however, has not been determined so far. In
the Arctic, warm spells in the winter period are particularly important, because
they are often accompanied by snow-on-rain events that are of key importance
for Arctic terrestrial ecosystems (Thompson et al. 2013; Decamps et al. 2017).

The rapid Arctic warming is usually attributed to the combined effect of
sea-ice loss (Overland and Wang 2010; Overland et al. 2011, 2012; Alekseev et
al. 2016), increased SST (e.g., Serreze et al. 2011), reduced sulphate aerosols
(Navarro et al. 2016), increased water vapour (Park et al. 2015), strong low-level
stability, cloud conditions (Graversen et al. 2014; Pithan and Mauritsen 2014), or
strong anthropogenic radiative forcing (Fyfe ef al. 2013; Wegmann et al. 2018).
The occurrence of warm or cold days is to some degree governed by atmospheric
circulation (Bednorz 2011; Bednorz and Fortuniak 2011, 2012; NiedzwiedzZ et
al. 2012; Bednorz and Kolendowicz 2013; Lupikasza and NiedzwiedZz 2013;
Tomczyk and Bednorz 2014).



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

Warm winter and cold summer spells in Spitsbergen 341

Atmospheric circulation in the area of the Svalbard Archipelago is particularly
controlled by the Iceland Low and high over Greenland (Przybylak 1992a, 1992b;
Hisdal 1998; Sulikowska et al. 2018a), determining the direction of advection of
cold air masses from the north and relatively warm air masses from the south.
Weather on Spitsbergen also depends on the type of the baric system (Bednorz
2011; Niedzwiedz 2001, 2013). In Hornsund, in January, air temperature in the
period of advection of air masses from the northern sector in the conditions
of anticyclonic circulation can be approximately 3°C lower than in the case of
cyclonic circulation (NiedzwiedZ 2013). Atmospheric circulation has also had
considerable influence on the occurrence of periods of Arctic warming and
cooling (Lupikasza and NiedZzwiedZ 2019).

The progressing climate warming, particularly in the winter period, constitutes
a threat for the natural environment. The possible consequences may be a balance
disturbance both in the cryosphere and biosphere. Moreover, climate warming
favours an increase in tourist traffic contributing to the degradation of the
Arctic environment. Considering the importance of occurrence of sequences of
exceptionally warm and cold days, characterising the structure of the modern
warming and role of atmospheric circulation in shaping thermal conditions,
this article determines the character of multi-annual changes and variability of
occurrence of cold spells in summer and warm spells in winter on Spitsbergen
in the period 1976-2015 (1976/77-2015/16), and circulation conditions of their
occurrence.

Data and Methods

The paper was based on average daily air temperatures for the years
19762016 for two meteorological stations on Spitsbergen, namely Svalbard
Lufthavn (SL) and Ny—Alesund (NA) (Fig. 1). The material was obtained from
the commonly available data base of the Norwegian Meteorological Institute
(eklima.met.no). The analyses were performed for the summer season, defined
as two warmest months in a year (July and August), and for the winter season
covering four coldest months (December—March) (Tomczyk and Bednorz 2014).

Cold days in summer were defined as days with mean daily air temperature
lower than temperature corresponding to the 10th percentile from daily
temperature. Warm days in winter were defined as days with mean daily air
temperature exceeding the 90t percentile from daily air temperature. Threshold
values corresponding to the 10t and 90t percentiles were calculated for each
month separately from the analysed period (1976-2015 and 1976/77-2015/16).
A cold spell was defined as a sequence of at least three cold days, and a warm
spell as a sequence of at least three warm days.
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Fig. 1. Location of the weather stations used for this study.

The statistical significance of trends in air temperature and number of cold
and warm days was assessed by means of a non-parametric Mann-Kendall test,
assuming 0<0.05 for significant trends. The rate of changes of the analysed
characteristics was determined by means of the related Sen’s slope method (Mann
1945; Sen 1968; Kendall 1975; Hamed and Rao 1998; Salmi et al. 2002). The
trend characteristics were calculated with the use of MAKESENS 1.0 application
(freeware) provided by the Finnish Meteorological Institute (Salmi et al. 2002).

The determination of the effect of circulation on the occurrence of cold
and warm days was based on the calendar of circulation types for Spitsbergen
(Niedzwiedz 2018), described in detail in studies by L.upikasza and Niedzwiedz
(2019). The calendar covers 21 types, including 4 non-advection types, describing
the direction of advection of air masses (e.g., N — advection from the north)
and type of baric system (a — anticyclonic, ¢ — cyclonic). Non-advection types
cover the centre of the high (Ca) and low (Cc), low pressure trough (Bc), and
anticyclonic wedge (Ka). Situations complicated in terms of air flow or pressure
col are marked as x. Then, the frequency of cold and warm days in particular
circulation types was calculated. Moreover, the conditional probability of the
occurrence of the analysed days in particular circulation types was calculated.

A detailed analysis of baric conditions during the occurrence of cold and
warm spells was performed based on daily data concerning the distribution of sea
level pressure, height of isobaric surface of 500 hPa, and air temperature at a level
of 850 hPa. The data were obtained from the collection of the National Centre
for Environmental Prediction/National Centre for Atmospheric Research (NCEP/
NCAR) Reanalysis (Kalnay et al. 1996) available in the archives of NOAA
ESRL PSD (Earth System Research Laboratory Physical Science Division).
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The aforementioned data provided the basis for the preparation of maps of
mean sea level pressure (SLP), height of isobaric surface of 500 hPa (z500 hPa),
and maps of SLP and z500 hPa anomalies, as well as maps of anomalies of air
temperature at a level of 850 hPa (T850) for cold and warm spells. The anomalies
were calculated as the difference between the mean value on a particular day of
sea level pressure, heights of isobaric surfaces, and air temperature, and mean
value of the aforementioned elements on a given day in the analysed multi-
annual period. The analysis of baric conditions covered only days on which
a given spell occurred in both stations.

Moreover, for the purpose of determination of the direction of air masses,
48 h backward trajectories of air particles were designated based on the HYSPLIT
model (Stein et al. 2015; Rolph 2016). The model is frequently used for the
determination of sources of air pollutants (Avila and Alarcon 1999; Salvador
et al. 2010; Czernecki et al. 2017). Movement of air particles was traced at
a level of 500 m a.s.l., corresponding with the middle level of the atmospheric
mixing layer (Bednorz 2013). The designated trajectories were divided into four
groups in accordance with the thermal classification of days constituting cold
spells in summer and warm spells in winter.

The thermal classification covered deviations of air temperature on days
constituting thermal spells from the aforementioned threshold values of the
90t (warm days) or 10™ (cold days) percentile. The resulting deviations were
divided into 4 equally probable quartile groups, differentiated by the threshold
value of 1, 2 and 3 quartile. It provided the basis for the designation of slightly
cold, moderately cold, cold, and very cold days during cold spells, and slightly
warm, moderately warm, warm, and very warm days during warm spells.

Results

Mean air temperature in the summer season. — Mean air temperature
in the summer was 6.0°C in SL and 4.9°C in NA. In both stations, the coldest
summer occurred in 1994 (SL: 4.3°C, NA: 3.5°C), and in SL also in 1982
(Fig. 2). The highest mean air temperatures occurred non-synchronically, i.e.
in 1998 in SL (7.5°C), and in 2015 in station NA (6.1°C). Generally higher air
temperatures in summer in station SL result from more continental climate of
the station in comparison to the station in NA. In both stations, a statistically
significant change in mean summer air temperature was observed in the analysed
period, with increases of 0.5°C/10 years in SL and 0.3°C/10 years in NA. On
the background of the multi-annual period, high temperature particularly occurred
in the period from the beginning of the 215t century.
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Fig. 2. Mean air temperature in the summer season in Svalbard Lufthavn and Ny-Alesund
in the period 1976-2015.

Cold days and cold spells in the summer season. — In both stations,
the occurrence of cold days was characterised by high variability from year to
year. The highest number of cold days occurred in 1987 (SL: 27 days, NA:
19 days; Fig. 3). High frequency of cold days in SL was also observed in
summer in 1994 (17 days), and in NA in summer in 1996 (17 days). No cold
days occurred during six seasons in SL (1993, 1998, 2005, 2006, 2011 and
2014), and during five seasons in NA (1986, 2002, 2004, 2006 and 2015) the
majority of which occurred in the 215t century. An increase in air temperature
in the summer season manifested in a decrease in the number of cold days
which in SL equalled -2.5 days/10 years and -1.3 days/10 years in NA. The
decreasing trend was only significant in SL.

Cold days usually occurred in the conditions of cyclonic circulation. The ratio
of the frequency of occurrence of the analysed days in cyclonic and anticyclonic
types in SL was 73.3% to 24.2% and 72.9% to 24% in NA (Fig. 4). On cold
days, air advection from the north-western sector related to cyclonic systems
(NWc, Nc and Wc) was prevalent. The types were also characterised by the
highest probability of occurrence of cold days ranging from approximately 20%
(Nc and Wc¢) to more than 30% in SL, and to almost 50% in NA, in both cases
in type NWec.

The number of cold spells in consecutive decades of the period 19762015
is presented in Fig. 5. Throughout the study period, 27 cold spells occurred
in SL and 21 cold spells in NA. In total, they lasted (respectively) 123 days
and 105 days. In SL, the highest number, i.e. 12 cold spells occurred in the
decade 1986-1995. They lasted for a total of 55 days (Fig. 5A). Cold spells
also occurred with a somewhat higher frequency in the first decade of the multi-
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Fig. 3. Number of cold days in the summer season in Svalbard Lufthavn (A) and Ny-Alesund (B)

in the period 1976-2015.
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Fig. 4. Frequency of occurrence of cold days in Svalbard Lufthavn and Ny-Alesund in particular
circulation types (A), and probability of their occurrence (B).
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Fig. 5. Number of cold spells (CS) marked by diamonds and their duration marked by bars
(A — Svalbard Lufthavn, B — Ny-Alesund), and number of cold spells with division by duration
(C — Svalbard Lufthavn, D — Ny-Alesund).

annual period — nine spells (lasting for a total of 45 days). In NA, a maximum
of six cold spells occurred. They were observed in the decade 1986-1995, and
with the same frequency in the decade 1996-2005, lasting respectively 33 and
34 days. In both stations, cold spells occurred the most seldom in the years
2006-2015, i.e. one spell in SL (duration three days) and four spells in NA
(total duration 15 days).

In SL, 3-day cold spells occurred the most frequently, followed by 5-day
spells, and in NA 4-day spells followed by 3-day spells (Fig. 5B). Spells of six,
seven, and more days occurred the most frequently in the first two decades. In
the last, warmest decade, the longest cold spells lasted for four days. The longest
cold spells in SL lasted for nine days, and occurred twice, i.e. on 23-31.08.1982
and on 15-23.08.1987, and in NA they lasted for ten days, and also occurred
twice, i.e. on 22-31.08.1982 and on 4-13.07.1991.

Mean air temperature during the recorded cold spells was 2.1°C in SL and
1.1°C in NA. In the case of both stations, the coldest cold spell occurred in
August 1989. Mean air temperature during the spell was 0.2°C (SL) and -0.8°C
(NA). During the coldest day of the cold spells in summer, the lowest mean daily
air temperature was -1.5°C in SL (31.08.1989) and -2.2°C in NA (29.08.1994).
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Circulation conditions of cold spells. — During the occurrence of cold
spells on Spitsbergen, a system of higher than average pressure was located
over Greenland. In the centre, air pressure was > 1014 hPa, and over the Franz
Josef Land, a low system persisted with pressure in the centre < 1003 hPa
(Fig. 6A). Moreover, North Europe was within the range of a high pressure
wedge. Over the study area, SLP varied from < 1004 hPa to > 1006 hPa. During
the occurrence of cold spells, SLP was lower than average in the multi-annual
period. In the centre of the low pressure system, anomalies reached < -9 hPa,
and over Spitsbergen they varied from < -8 hPa (north-eastern part) to > -5 hPa
(south-western part). During the cold spell, the isobaric surface of 500 hPa
persisted lower than on average by a maximum of 150 m in the centre of the
low pressure system (Fig. 6B).

The baric situation described above caused advection of cold air masses,
particularly from the north-western and northern sector, as also suggested by 48-h
backward trajectories of air particles (Fig. 7). During the coldest days, classified
as very cold, as well as during cold days, the north-western trajectories were
evidently shorter than during slightly and moderately cold days, when during the
48-h preceding the occurrence of cold spells, air masses flew in over Spitsbergen
from distant areas such as the Canadian Arctic or North Pole. This suggests
a decrease in the intensity of advection during days with stronger cooling. On
some days, cold air flew in over Spitsbergen from the south-east, although
48-h earlier it was located over the cold Barents Sea between the Franz Josef
Land and Novaya Zemlya. The presence of cold air masses is confirmed by
negative T850 anomalies with a maximum over Spitsbergen (< -4°C) (Fig. 6C).

Fig. 6. Mean sea level pressure and height of isobaric surface of 500 hPa (A), their anomalies
(B) and anomalies of air temperature at a level of 850 hPa (C) during cold spells.
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Fig. 7. 48-h backward trajectories of air particles during slightly cold (A), moderately cold (B),
cold (C), and very cold days (D) with number of cases (bottom right corner).

Mean air temperatures in the winter season. — Mean air temperature in
the winter season in SL was -12.4°C and in NA -11.7°C. In the case of both
stations, winter 1988/89 was the coldest, with mean temperature of -18.7°C in
SL and -17.7°C in NA (Fig. 8). The warmest winter season occurred in 2011/12.
Mean temperature in the period from December to March was -5.2°C in SL
and -5.8°C in NA. A higher variability of mean air temperature in winter was
observed in SL, standard deviation 3.5°C vs. 2.9°C in NA. In the analysed period,
a statistically significant increasing tendency in mean winter air temperature was
observed of a rate of 2.1°C/10 years in SL and 1.7°C/10 years in NA.

Warm days and warm spells in the winter season. — The year-to-year
occurrence of warm days in both stations was characterised by high variability.
Like in the case of mean air temperature in winter, a somewhat higher variability
was recorded in station SL, for which the value of standard deviation was
8.8 days, for comparison 8.0 days in NA. In the case of both stations, the
maximum number of warm days (36 days) occurred in winter 2013/14 (Fig. 9).
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Fig. 8. Mean air temperature in the winter season in Svalbard Lufthavn and Ny-Alesund
in the years 1976/77-2015/16.

The next season in which only inconsiderably less warm days occurred was
winter 2005/06 (34 days) in SL, and season 2011/12 in NA (29 days). The lowest
number of warm days in winter (1 day) in both stations occurred before 1990
(SL 1980/81 and 1988/89, NA 1980/81). In the analysed stations, a statistically
significant increase in warm days in winter by 2.7 days/10 years was observed
in SL, and by 2.4 days/10 years in NA.

Warm days in winter, like cold days in summer, usually occurred in the
conditions of cyclonic circulation. The ratio of the frequency of occurrence of
warm days during cyclonic vs. anticyclonic circulation was in SL 79.8% to
20.0%, and in NA 78.4% to 21.2% (Fig. 10). This results from the dominant
cyclonic circulation in comparison to anticyclonic circulation, and is suggested by
the results of the analysis of conditional probability of warm days in circulation
types. The highest frequency of warm days in winter concerns types SWc, Sc
and SEc. The highest probability of their occurrence, however, concerns types
SWa (SL 64.3%, NA 67.1%), SWc, Sc, Wa and Sa.

The characteristics of warm spells, i.e. their duration, frequency, and changes
in course of time were approximately the same in both stations. In the study
period, 57 spells occurred in SL and 55 spells in NA. They lasted for a total of
243 days and 242 days, respectively. Warm spells occurred the most frequently
in the years 2005/06-2015/16 (21 and 24 spells with a total duration of 93 days
in SL and 102 days in NA; Fig. 11A), and the lowest frequency in the years
1976/77-1985/86 in SL (10 cases lasting 37 days), and in the years 1986/87—
1995/96 and 1996/97-2005/06 in NA (10 cases each, lasting 45 and 53 days).

The shortest, i.e. 3-day spells occurred the most frequently (Fig. 11B). An
evident increase was observed in the case of the number of spells lasting for
seven or more days. In both stations, the longest warm spell lasted for 13 days,
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Fig. 9. Number of warm days in the winter season in Svalbard Lufthavn (A) and Ny-Alesund (B)
in the years 1976/77-2015/16.

and occurred in February 2014, whereas in SL it commenced three days later
(from 5 to 17 February) than in NA (from 3 to 15 February).

Mean air temperature during warm spells was 0.8°C in SL and 0.2°C in
NA. In both stations, the most intensive warm spell, i.e. that with the highest
air temperature (4.0°C in SL and 7.4°C in NA), occurred in December 2002.
The highest mean daily air temperature during a winter warm spell was 5.9°C
(7.12.2002) in SL and 5.1°C (5.12.2002) in NA, and was higher by 18.3°C (SL)
and 16.8°C (NA) than the seasonal mean in the period 1976-2016.

Circulation conditions of warm spells. — The occurrence of warm spells
in winter on Spitsbergen was related to the persistence of an extensive trough
of low pressure related to the Iceland Low (< 988 hPa) over the Greenland
Sea (Fig. 12a). Over the north Eurasia, a high pressure wedge simultaneously
persisted. Over Spitsbergen, SLP varied from 1004 hPa to 1010 hPa. During
the occurrence of warm spells, high variability of SLP anomalies was recorded
in the Arctic, ranging from < -6 hPa to > 18 hPa, and a 0 hPa isoanomaly
ran through central Spitsbergen. During warm spells, the isohypse of isobaric
surface of 500 hPa were bent northwards, pointing to a greater height of its
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persistence over Spitsbergen (Fig. 12B). Anomalies of the heights of the surface
in the centre of the system were more than 240 m.

The described baric situation caused advection of warm air masses from
the south-western sector, as also confirmed by the designated 48-h backward
trajectories of air particles (Fig. 13). During days classified as very warm, air
particles flew in from the south-east and south from the vicinity of 50°N. During
slightly and moderately warm days, air masses flew in from a considerably
broader southern sector, i.e. from the east to south-west, as well as the western
sector from over approximately 60°N. The course of trajectories shows that the
intensity of an increase in air temperature during warm days, i.e. warm spells
in winter, depends not only on the direction, but also duration of advection. In
addition to the positive z500 hPa anomalies, the presence of warm air masses
is also suggested by positive T850 anomalies of > 9°C with a centre over north
Spitsbergen (Fig. 12C). Moreover, the course of isoanomalies also points to the
predominant air advection from the south-west.

Fig. 12. Mean sea level pressure and height of isobaric surface of 500 hPa (A), their anomalies (B),
and anomalies of air temperature at a level of 850 hPa (C) during warm spells.
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1000 km

Fig. 13. 48-h backward trajectories of air particles during slightly warm (A), moderately warm (B),
warm (C), and very warm days (D) with number of cases (bottom right corner).

Summary and discussion

The study showed a statistically significant increase in mean air temperature,
with a rate in winter more than four times higher than in summer. In summer,
warming in SL was 0.2°C higher than in NA. The situation was similar in
winter, whereas the trend was 0.4°C higher in SL than in NA. The obtained
results are in accordance with earlier studies conducted in the central (Bednorz
2011; Bednorz and Kolendowicz 2013) and north-western part of Spitsbergen
(Tomczyk and Bednorz 2014; Wei et al. 2016), pointing to the strongest warming
in the winter season. This suggests that the seasonal and spatial variability of the
rate of warming in the Arctic observed in earlier studies (Gjelten et al. 2016;
Isaksen et al. 2016; Osuch and Wawrzyniak 2017) remains a feature of modern
climate changes in Spitsbergen. Moreover, studies show that the recent years
have been the warmest in 100-year period of instrumental observations (Nordli
et al. 2014; Gjelten et al. 2016; Lupikasza and NiedzwiedZ 2019; Hanssen-
-Bauer et al. 2019).



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

354 Arkadiusz M. Tomezyk et al.

The observed warming translated into a decrease in the number of cold
days in summer and an increase in the number of warm days in winter, as
well as warm and cold spells related to the frequency of such days. The rate
of the changes was higher in SL. On the background of the entire multi-annual
period, the last decade (2006-2015) stood out with the lowest frequency of
cold spells and their duration, and the highest frequency and duration of warm
spells. In both stations, the majority of summer seasons without cold days
occurred after 2000. The changes in the duration and intensity of warm and
cold spells discussed in this article provide additional characteristics concerning
the structure of warming manifesting in an increase in the frequency of days
with extremely high temperature (Bednorz and Kolendowicz 2013; Tomczyk and
Bednorz 2014; Gjelten et al. 2016; Wei et al. 2016), as well as a decrease in
the number of days with extremely low temperature (Bednorz 2011; NiedZwiedz
et al. 2012; Lupikasza and Niedzwiedz 2013; Gjelten et al. 2016). A similar
direction of changes in thermal conditions was also observed in Alaska, where
increasingly more frequent occurrence of extremely warm days and abnormally
warm months was observed, as well as more seldom occurrence of extremely
cold days and abnormally cold months (Wendler and Shulski 2009; Sulikowska
2017; Sulikowska et al. 2018b).

Significant decrease in the frequency of summer cold spells and the opposite
trends in the frequency of winter warm spells have a profound environmental
consequences that will keep strengthening, providing trends are continued. The
most evident manifestation of summer warming is a reduction in sea ice extent
and snow cover that changes albedo thus a radiative balance of the Arctic areas
(Boisvert et al. 2016; Cullather et al. 2016; Graham er al. 2017; Petty et al.
2018). Uncovered areas, due to snow cover and ice melting, are more exposed
to atmospheric conditions, which influences geomorphological processes. Other
consequences include an increase in plant growth and a greening of the Arctic
regions being a response of tundra shrub species to warming (Jia et al. 2003;
Bhatt er. al. 2010, 2013; Lara et al. 2018). Moreover, extending the growing
season for algae and other organisms, potentially leads to increased primary
production and taxonomic shifts as new habitats become available (Birks et al.
2004; Smol et al. 2005; Griffiths et al. 2017). Winter warm spells are often
accompanied by winter rainfall (Hansen et al. 2014). Liquid precipitation in
a cold part of a year (rain-on-snow events) may lead to ground ice built-up on
tundra, causing icing that reduces availability of food for herbivores (Ims et
al. 2008; Gilg et al. 2009; Hansen et al. 2013; Stien et al. 2012) and affects
inhabitant, by closing roads, airports and reducing mobility (Hansen et al. 2014).

Studies performed to date show a correlation of negative thermal extremes
both in summer and winter with advection of air masses from the northern sector
(Bednorz 2011; NiedZzwiedzZ et al. 2012; Lupikasza and NiedZwiedz 2013). The
occurrence of cold days and cold spells in summer was particularly related to the
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advection of air masses from the north-western sector, caused by a low pressure
system with a centre above the Franz Josef Land. On the analysed days, SLP
over a considerable area of the Arctic was lower than average for the summer
season. Over this area in summer, a weak gradient pressure field with high
pressure usually persisted above Greenland and the lowland southwest of Iceland
(Tomczyk and Bednorz 2014). The relation of the intensity of cold spells and
the duration of the advection was determined. Slower air flow favours stronger
decreases in air temperature, because in such situations air flows to Spitsbergen
from over not very distant ice-covered (sometimes even in summer) northern
parts of the Greenland Sea. During intensive advection, air flows from over the
Canadian Arctic Archipelago, which defrosts in some seasons. Therefore, air
persisting over this area is warmer than average, and it is not subject to strong
cooling during intensive flow towards Spitsbergen over the ice-covered water
surface. Cold spells also occurred in the conditions of advection of air masses
from the south-east, although days in such circulation were warmer than in
the case of advection from the north-east. Moreover, air flowing in from over
Spitsbergen from the SE earlier persisted over the cold Barents Sea between
the Franz Josef Land and Novaya Zemlya.

The occurrence of warm days and warm spells in winter, similarly as positive
thermal extremes (Bednorz and Fortuniak 2011, 2012; Bednorz and Kolendowicz
2013; Tomczyk and Bednorz 2014), was particularly related to the advection
of air masses from the south-west, as well as from the west and east, although
in the case of such circulation the inflowing air was colder than in the case
of advection from the south-west. The described direction of advection was
generated by a vast low pressure system. On the analysed days, the SLP differed
from the average SLP in the winter season, involving a strong horizontal pressure
gradient in the Atlantic Arctic sector between the strong high above Greenland
and the vast Icelandic lowland (Tomczyk 2014). The duration of air advection
also affected the intensity of warming during warm spells, whereas the relation
was the opposite to that for cold spells, i.e. stronger air flow intensified warming
during warm days and warm spells, because in such situations air reaching
Spitsbergen came from lower latitudes than during weak air advection.

The causes of changes in thermal conditions, and particularly an evident
increase in positive extremes in winter, can be associated with a change of
circulation conditions. As evidenced by NiedZwiedZ (2006), from the second
half of the 20t century, an evident increase occurred in the value of the western
and southern circulation index, as well as an increase in the activity of lows in
all the seasons of the year, and particularly in winter.
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