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This paper presents annual and long-term variability in the occurrence of cyclone and anti-
cyclone centres over Svalbard during the period 1971-2015. The study is based on average
daily air pressure values at sea level for 12 grid points and on the typology of synoptic
situations. Particular emphasis is placed on the occurrence of deep and very deep cyclones
(with a pressure of < 990 hPa and < 970 hPa, respectively) and strong and very strong anti-
cyclones (with a pressure of > 1030 hPa and > 1035 hPa, respectively). On average there
were about 17.5 days with a cyclone and 4.9 days with an anticyclone centre over Svalbard
annually. The results of the analysis show no clear trend in the number of cyclones moving
over the study area, but there was an observable increase in the frequency of anticyclones.
There were also no major changes in the annual maximum of occurrence of the pressure

systems under study.

Introduction

The warming of the Arctic, which has been grow-
ing gradually in recent decades, influences the
dynamics and tracks of the pressure systems
moving in the region. Studies conducted in recent
years have focused primarily on determining how
global warming affects cyclone activity in this
region (Bengtsson et al. 2006, Kim et al. 2017,
Rinke et al. 2017), and on how the trajectories
of cyclones change (Yin ef al. 2005, Catto ef al.
2011). Most of the research has revealed that
there is a positive feedback between Arctic warm-
ing and shift of cyclone tracks and a clear shift
of the storm tracks towards the north and the
north-east (Yin et al. 2005, IPCC 2007a, Catto
et al. 2011, Feser et al. 2015). The simulations
of the movement of cyclones conducted indicate
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a slightly different location of the tracks of the
pressure systems in question. The differences in
these results arising from the scenarios of changes
in the amount of CO, in the atmosphere of the
northern hemisphere and variations in ocean tem-
peratures adopted (Bengtsson et al. 2006, Ulbricht
et al. 2008, Lainé et al. 2009, Catto et al. 2011).
Other topics frequently addressed by
researchers include changes in atmospheric cir-
culation resulting from the impact of global
warming and its influence on the dynamics of the
development and occurrence of cyclones in the
Arctic, which are largely responsible for trans-
porting energy from lower latitudes towards the
Arctic regions. This issue is particularly impor-
tant in the light of the rapid temperature increase
in this region (Lambert and Fyfe 2006, Przyby-
lak 2007), which is most clearly seen in autumn
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Fig. 1. Grid points used in the study (Bielec-Bgkowska
2016).

and winter (Marsz and Styszynska 2011, Isak-
sen et al. 2016). According to some researchers
(Watterson 2006, Pinto et al. 2007, Bengtsson
et al. 2009, Catto et al. 2011), there are no indi-
cations of a significant increase in the number
and intensity of occurrence of lows on a global
scale in the immediate future. Nevertheless, such
changes may occur regionally, for example in
the area of the Atlantic Ocean to the north of
the British Isles, and they are generally strongly
dependent on the meridional temperature gra-
dient of the ocean surface. An increase in the
frequency of deep cyclones in the Arctic over the
period 1979-2015 has been found by, amongst
others, Rinke ef al. (2017), and it can most prob-
ably be attributed to a longitudinal influx of heat
and humidity from lower latitudes. A particularly
strong risk of changes in weather conditions
in a given area is posed by the occurrence of
cyclones with extremely low pressure values
in winter, which are referred to as “weather
bombs”, and are characterised by a very rapid
and intense build-up. They result in distinct pres-
sure drops (up to 12 hPa within six hours), strong
gusts of wind, and an increase in temperature,
which may cause very active melting of sea ice
over vast areas (Boisvert ef al. 2016, Graham et
al. 2016, Kim et al. 2017).

Much less research has been dedicated to
the occurrence and trajectories of high-pressure
systems in the Arctic. For the most part, existing
studies address the impact of anticyclones on
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the development of weather over a given area
and on the values of selected meteorological
components (Degirmendzi¢ 1998, Wu and Wang
2002a, 2002b, Panagiotopoulos et al. 2005, Ser-
reze and Barrett 2011). Meanwhile, the few
papers concerning the frequency and location
of anticyclones at high latitudes of the northern
hemisphere point to considerable temporal and
regional variations in their number and intensity
(Serreze et al. 1993, Walsh et al. 1996, Cassano
et al. 2006, Bielec-Bakowska 2014).

Due to the mutual location of the conti-
nents and the oceans, the above changes in the
atmospheric circulation in the Arctic are most
pronounced in the Atlantic part of the northern
hemisphere (Polyakov et al. 2003). For this
reason, this study attempts to determine the sea-
sonal and long-term variability of occurrence of
high- and low-pressure systems over Svalbard
in 1971-2015. Particular attention is paid to the
long-term variability and intra-annual variations
in the occurrence of deep lows and strong highs,
as well as to the pressure values on days with
the baric systems under analysis. Because of
the numerous studies that have investigated the
changing climatic conditions in Svalbard, the
choice of the study area allows to compare the
results obtained with the results of the analysis of
selected baric systems occurrence. Furthermore,
the calendar of atmospheric circulation types
developed for Spitsbergen facilitates appropriate
determination of pressure systems under study.

Material and methods

This study relies on data concerning average
daily sea-level pressure values derived from
NCEP/NCAR re-analyses (http://www.cdc.noaa.
gov/) and on the typology of synoptic situations
presented in the “Calendar of circulation types
for Spitsbergen” (http://www.kk.wnoz.us.edu.
pl/nauka/kalendarz-typow-cyrkulacji/) spanning
the years 1971-2015. The pressure values were
determined for 12 grid points (P1,-P4,) with
a spatial resolution of 2.5° x 2.5° located over
the Svalbard area, within the meridians 0°~40°E
and the parallels 75°—82°30°N (Fig. 1). The data
selected for analysis is commonly used to study
pressure variations and is considered homogene-
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ous (Kalnay et al. 1996). It is also ranked among
the group of the most reliable grid data — Group
A (Kalnay et al. 1996). It was decided that aver-
age daily pressure values would be used in the
present study, rather than specific-hour pres-
sure readings. The decision followed from the
assumption that the study would focus on cases
in which the pressure systems under considera-
tion were present over a given area for a longer
period of the day. Trends were calculated using
the Mann-Kendall test (Mann 1945, Kendall
1975). The “Calendar of circulation types for
Spitsbergen” was developed on the basis of syn-
optic maps of Europe. Author identified 21 types
of synoptic situations taking into account the
direction of air masses advection (N, NE, E, SE,
S, SW, W, NW, N) and pressure systems (a = con-
nected with anticyclonic conditions and ¢ = con-
nected with cyclonic conditions). Additionally,
four non-advection circulation types (Ca = high
centre, Ka = anticyclonic wedge or ridge of high
pressure, Cc = centre of low and Bc = trough
of low pressure with different directions of air
flow and frontal system in the axis of through)
and X = unclassified situations or pressure col
were distinguished (http://www.kk.wnoz.us.edu.
pl/nauka/kalendarz-typow-cyrkulacji/).

In the present study, a day on which, accord-
ing to “Calendar of circulation types for Spits-
bergen”, a low-pressure centre (Cc) or a high-
pressure centre (Ca) occurred over Svalbard was
the main indicator of the presence of the respec-
tive pressure system, whereby:

— a deep low-pressure system was assumed to
be a cyclone in which the pressure values
over the study area were < 990 hPa, while a
very deep cyclone was defined as a system
with a pressure of < 970 hPa,

— a strong high-pressure system was assumed
to be an anticyclone in which the pressure
values over the study area were > 1030 hPa,
while a very strong anticyclones was one
with a pressure of > 1035 hPa.

— it was assumed that the strength of the said
systems occurring over the study area would
be determined on the basis of the lowest
(cyclones) or the highest (anticyclones) pres-
sure value occurring over at least one grid
point.
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The above threshold values were adopted on
the basis of earlier research on the occurrence
of high- and low-pressure systems in different
regions of the northern hemisphere (Schinke
1993, Kitysik 1995, Kozuchowski 1995, Chen
and Zhang 1996, Lambert 1996, Knippertz et
al. 2000, Leckebusch and Ulbrich 2004, Burt
2007 a, 2007b, Bielec-Bakowska and Piotrowicz
2011, 2013, Bielec-Bakowska 2014, 2016), and
followed from an analysis of the pressure values
recorded over the study area.

Based on pressure data at grid points selected
for analysis, it was found that pressure values
ranging from 1000 to 1020 hPa were most fre-
quent, representing in total from about 61%
(P4,) to about 70% (P1,) of all the values iden-
tified (Table 1). Lower pressure were recorded
at about 11% (P1,) to 22% (P4,) of all values,
while higher pressure values was recorded at
about 13% (P4,) to 20% (P1,), with a majority
of these values falling within the 990-1000 hPa
and 1020-1030 hPa ranges respectively. Excep-
tionally low (< 950 hPa) or high (= 1050 hPa)
pressure levels were recorded sporadically, not
exceeding three cases in the multi-year period at
individual grid points. Taking into account the
results obtained and the fact that extreme events
are defined as those which “... is rare at a par-
ticular place and time of year ...” and “... would
normally be as rare as or rarer than thelOth
or 90th percentile ...” of all the cases analysed
(Beniston et al. 2007, IPCC 2007b), it was
decided that the 990 hPa and 1030 hPa values
respectively would be the most suitable limits
for identifying the occurrence of deep cyclones
systems and strong anticyclones, while 970 hPa
and 1035 hPa would be the most appropriate for
identifying very deep cyclones and extremely
strong anticyclones, since they represent the 5th
or 95th and Ist or 99th percentile of all the
pressure values taken into account respectively
(Table 2).

Spatial and seasonal variability of
the low-pressure systems
occurrence

Earlier research on pressure trends over Sval-
bard indicates that the spatial variability of the
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annual and long-term pressure changes in the
region in 1971-2015 was not very high, which
is linked to the small area of Svalbard (Bielec-
Bakowska 2016). The greatest pressure varia-
tions were observable between the north-western
and south-eastern part of the region. The aver-
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age annual pressure values decreased between
these areas from about 1011 hPa (P1,) to about
1008 hPa (P4_) (Bielec-Bgkowska 2016). During
the year, the lowest monthly pressure values
were recorded in the winter months (averaging
approx. 1001-1009 hPa), while the highest in

Table 1. Frequency of pressure values (%) occurrence over Svalbard in the period 1971-2015; numbers in bold-
face italics = number of cases, numbers in boldface = the most frequent pressure values.

Pressure (hPa)

Frequency (%)

P1,, P1, P1, P2, P2, P2, P3, P3, P3, P4, P4, P4,
1 0 0 0 0 0 0 1 0 1 1 0
<950
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(950; 960) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0
(960; 970) 0.1 0.2 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.5 0.5 0.4
(970; 980) 0.4 0.6 0.7 0.6 1.0 0.9 1.1 1.4 1.4 1.8 1.9 1.8
(980; 990) 1.7 2.7 3.1 2.7 3.4 3.9 41 4.6 4.7 53 59 5.6
(990; 1000) 9.2 107 1.3 105 1.6 126 118 129 140 133 146 14.6
(1000; 1010)  31.1 308 289 308 293 29.0 310 295 293 305 294 29.2
(1010; 1020)  39.1 37.1 36.1 383 363 350 367 349 335 35.1 33.6 32.0
(1020; 1030) 156 153 163 146 158 155 132 143 146 124 126 14.3
(1030; 1040) 2.5 2.4 3.1 2.1 2.3 2.8 1.6 2.0 2.2 1.1 1.4 2.0
(1040; 1050) 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
=1050
2 2 2 2 3 1 2 2 1 0 0 0
Table 2. Pressure values (hPa) over Svalbard in the period 1971-2015.
Value Pressure values (hPa) at grid points
P1, P1, P1. P2, P2, P2, P3, P3, P3. P4, P4, P4,
minimum 949.8 953.9 959.7 952.7 953.3 958.3 953.6 948.0 955.0 949.2 945.9 955.9
percentiles 1 984.6 9815 981.3 981.1 9789 979.3 976.6 976.4 976.3 973.9 974.0 975.0
5 994.9 9924 991.6 9925 990.6 990.0 989.2 988.1 988.0 986.3 985.6 986.4
10 999.1 997.2 996.8 997.5 996.0 9953 995.1 994.0 993.6 9925 991.6 992.2
15 1001.7 1000.4 999.8 1000.4 999.3 998.6 998.7 997.7 997.1 996.4 9954 996.0
20 1003.7 1002.5 1002.2 1002.6 1001.9 1001.2 1001.1 1000.4 999.8 999.6 998.4 998.9
average 1011.4 1010.6 1010.8 1010.5 1010.3 1010.1 1009.3 1009.2 1009.1 1008.1 1007.8 1008.5
percentiles 80 1019.5 1019.3 1019.9 1019.0 1019.4 1019.4 1018.3 1018.7 1018.8 1017.6 1017.7 1018.7
85 1021.3 1021.0 1021.8 1020.7 1021.1 1021.3 1020.0 1020.5 1020.7 1019.4 1019.6 1020.6
90 1023.5 1023.3 1024.2 1022.8 1023.3 1023.5 1022.1 1022.7 1023.1 1021.5 1021.8 1022.9
95 1027.0 1026.9 1027.9 1026.2 1026.7 1027.1 1025.5 1025.8 1026.4 1024.7 1025.1 1026.4
99 1034.4 1034.0 1035.0 1033.1 1033.4 1034.1 1031.9 1032.6 1033.1 1030.5 1031.4 1033.0
maximum 1057.1 1055.7 1058.7 1054.2 1055.3 1056.7 1054.2 1053.9 1051.5 1048.5 1049.4 1046.0
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May (approx. 1015-1017 hPa on average), when
the region is often under the influence of strong
Greenland anticyclones (Niedzwiedz 2001). It
can also be noted that pressure values in the
north-western part of the study area were usu-
ally much higher than in the south-east, with the
exception of the summer period (June—August),
when the opposite was the case (Fig. 2). Over
the multiannual period, changes in the annual
pressure values were very similar throughout
the area and there were no clear tendency in the
average annual pressure values. At the turn of the
1980s and 1990s, a distinct decrease in pressure
value was observable, with the greatest regional
variations in annual pressure values seen in
the years preceding and following the decrease.
In the northern and western parts of the study
area, after 1995, pressure values tended to be
higher than at the beginning of the multiannual
period, while in the southeastern regions, mark-

v \Y \ Vil
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Vil IX X Xl Xl

edly higher pressure levels were recorded in the
1970s and 1980s (Biclec-Bakowska 2016).

The Svalbard area is dominated by cyclonic
activity (the centre of the cyclone is not neces-
sarily over Svalbard), which tends to determine
the weather of the study area for around 56.5%
of the days of the year, while anticyclonic situa-
tions account for about 40.6% of all synoptic sit-
uations (Niedzwiedz 2013). Over the multi-year
period, there were 789 days in Svalbard when
the area was influenced by a cyclone centre
(Cc). This means that on average 17.5 days with
such a synoptic situation were recorded annu-
ally, which represented 4.8% of all days of the
year. The average monthly number of such days
varied slightly (ranging from an average of 1.8
days in May and July to 2.6 days in December;
Fig. 3A). However, in individual years a cyclone
centre occurred over the study area from 1 to
as many as 7 days per month (February 1993
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Fig. 3. (A) Average monthly number of days with cyclones and (B) number of days with deep (pressure <990 hPa)
and very deep (pressure < 970 hPa) cyclones over Svalbard in the period 1971-2015.

and November 1996; Fig. 4). It must also be
emphasised that in around 30% of all the months
analysed, no cyclone centre moved directly over
Svalbard. And even though the predominance
of such systems in winter (December—Febru-
ary) has been growing ever more pronounced in
recent decades (Fig. 4), the annual maximum of
the number of days with a cyclone centre has not
always been recorded in winter. This is exempli-
fied by the years 1972, 1976, 1981 and 1999,
when the maximum was observed in the period
from April to August, with as many as six days
with a cyclone centre in a month in each case.
The variations of baric systems analysed are
more pronounced for the occurrence of deep
cyclones (with pressure values in the centre of
the system lower than or equal to 990 hPa) and
very deep cyclones (with pressure values in
the centre of the system lower than or equal to
970 hPa). In the multiannual period, Svalbard
saw an average of 6.8 days a year with deep
low-pressure systems (overall 304 days during
the period 1971-2015) and only approximately
1 day (46 days in total) with pressure lower than
or equal to 970 hPa. During the year, the systems
in question predominate in winter (Fig. 3B).
Even though the annual maxima of occurrence
of deep cyclones were recorded in February,
April, or even in June (Fig. 5), the highest num-
bers of such systems were noticed in Decem-
ber (61 days in total) and in November (53
days), while the lowest numbers were recorded
in summer (1 day in May and 3 days in July).
The annual maximum number of days with very
deep cyclones occurred in December and Janu-

ary (13 days in each of these months during the
multi-year period), while from May to August,
there were no such systems over the study area
at all (Fig. 5).

There were also no major changes in the
long-term variability of the occurrence of
the low-pressure systems (Fig. 6). Such days
occurred least frequently in 1998 and 2008 —
only nine times, and most frequently in 1976
— in a string of 27 days. From year to year,
the number of such days tended to fluctuate
by 1-5 days, even though the greatest varia-
tion (from 1976 to 1977) amounted to as many
as 17 days. The most characteristic feature of
the long-term trend of occurrence of cyclone
centres over Svalbard is their low frequency in
1977-1985 (around 12.9 days on average, with
17.5 days in the period 1971-2015), as well as
an increased number of cyclones in the mid-
1970s and towards the end of the second and
third decades of the study period. The number
of deep cyclones moving over the study area
during the long-term period displays a similar
trend as a number of all cyclones (correlation
coefficient of 0.7; Fig. 6). Their annual number
varied from 1 day in 1980 and 1985 to 12 days in
1976 and 1992 (with a long-term average of 6.8
days). At the same time, there was a more pro-
nounced decline in the frequency of the systems
in question from the end of the 1970s to the late
1980s, as well as at the turn of the 21st century.
This is confirmed by changes in the share of the
number of days with deep cyclones in the overall
number of systems analysed. With the long-term
average of around 38% of all cyclones, in the
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Number of cyclones Number of anticyclones

Year I HEp IV V[ VE VIV X | X | XE | XIT | Sum I eIV Vo VEPVIEEVIEIX | X | X[ XIT | Sum
1971 3112 2 2|2 3|15 0
1972 | 2 | 4] 2 1 216 (2|1 2| 22 0
1973 11212 1 11112 10 0
1974 |1 (3| 1] 2 113 414119 1 1
1975 [ 1 (2|4 |3 |21 (1|1 ]4]1]3|1]|24 1 1
1976 2 6213|5314 27 3 3
1977 |1 |1 301 113] 10 0
1978 1 1 1111312110 111 11311 7
1979 2 301 3|12 | M 0
1980 1 41312 212|111 16 1 1
1981 21111 1]6 1 2 14 1 1
1982 1 111122 21212 (1|14 1 1
1983 5|1 2 112 1 12 2 1 3
1984 | 1| 2 11412 1 3| 14 1 1111 115
1985 [ 1[4 ]2|1]1 112 112 15 1 2 3
1986 11411112 4 11151 20 1 1 113
1987 [ 1 (1] 1]3]2 311 (122|422 2 1111 5
1988 | 1 3131|121 111 1]1]15 2|2 1 5
1989 |3 |1 |4]5]|3 1111121 22 1 1 2
1990 1 313 111]13]3]3]18 2 5 1
1991 5|1 2 2 11]6 412 5 10
1992 |3 | 1] 3 313 111 2131]2 0
1993 [ 3|7 ]2|3 |1 1 17 114111 112 10
1994 213 413 212122 1 21 211 7
1995 | 2 212 1121 11341 22 1 1
1996 | 2 414 1 2 71325 113 3132 2 1 15
1997 |5 (1| 1|11 ]1][1][1 4116 2 701 11 11] 12
1998 | 1 2111 21219 211151 1122 1 19
1999 | 2 |1 211613 ]|2]2]|4 24 5 2 7
2000 | 3 3 4 1111111 14 1 1
2001 6 21111 1 311121219 112 1 4
2002 | 4 111 111 1 2 13|14 6|1 1 8
2003 (2|25 (11 2 3 112119 1 1 1 3
2004 (1|1 ] 1[3 1 2101 (1 (22]|4]19 1 2 1 111 6
205 (21122 11213513 22 1 3 41 8
2006 |4 |11 3122 |2|2|2|4|28 2 1 3
2007 | 1| 4 2 111 3413|221 2 3 5
2008 | 1|1 2 2 1129 1 111 3 6
2009 | 2|2 2 3 114 2 | 16 1 2 3
2010 | 3 11111 1121212114 111 1 2 5
2011 21112121 ]2]3]3 2141426 1 2 3 1 7
2012 1156511 10113111111 16 212 12|11|7
2013 | 1|1 112 315 4 17 1 111 5 8
2014 11212112 1 515119 1 115 3|2 2 14
2015 2131 1 21312 (2|16 1 1
Sum |68 |66 |66 |77 |58 |50|45|56 |66 |66 |90 |81 | 789 7 110(12 (1936|3524 |29|19|15| 8 | 8 | 222
Average (2.2 (2.0(2.1(21({1.8|20(18]|1.9(1.9|22|24|26|175| [02|02(03|04(08|0.8(05[06(0403]|02[0.2| 4.9

Fig. 4. Number of cyclones and anticyclones over Svalbard in the period 1971-2015.



290 Bielec-Bgkowska & Widawski + BOREAL ENV. RES. Vol. 23

Number of cyclones with pressure < 990 hPa Number of cyclones with pressure < 970 hPa

Year LIV vV VEVIE VI IX | X | X XIT | Sum PPNV Vv VEVIE VI IX | X[ X[ XIT | Sum
1971 1 2 3|6 0
1972 411 111 2|9 111 11 3
1973 112 1 1 5 0
1974 | 113 11419 0
1975 |12 |2 3 21111 1 11 2
1976 2 5 2 3 12 1 1
1977 113 4 0
1978 112 3 2 2
1979 21113 0
1980 1 1 0
1981 1 2 3 0
1982 1 2 21116 0
1983 311 1 5 0
1984 | 1| 1 1 1 2|6 1 1
1985 1 1 0
1986 2 411 7 1 1
1987 | 1 1 212 6 1 1
1988 1 1 111115 1 1
1989 [ 3 1] 3 1 8 1 1
1990 1 3 3|7 1 1 2
1991 | 3 1 111 4110 1 11 2
1992 | 3|13 1 22|12 1 1
1993 | 3|6 |11 1 212 4
1994 1 4 1122110 1 1
1995 | 2 2 2 2 112 M 1 2 3
1996 5 5 1 1
1997 | 4 111 1 3110 2 1 3
1998 1 11 2 0
1999 1 3 2 3 9 1 1 2
2000 | 2 1 1 1 5 0
2001 | 2 1 21116 0
2002 | 4 1 5 2 2
2003 3 1 216 0
2004 | 1 1 11316 1 1
2005 | 2 |1 1 3122 1 0
2006 | 3 |1 1 2141 1 213
2007 | 1|1 213129 111 2
2008 | 1|1 1111 4 0
2009 1 1 113 0
2010 1 1 113 0
2011 212 112 (13]10 3|3
2012 | 1] 4 1 6 0
2013 1 4 5 0
2014 1 1141 6 0
2015 2|3 111122 M 2 113
Sum 3939|3119 |1 (11|33 | 5 |25(17|53|61|304|(13[6 |7 |1]|0[0|0|[0 |1 |1]|4/|13]46

Fig. 5. Number of deep (< 990 hPa) and very deep (< 970 hPa) cyclones over Svalbard in the period 1971-2015.
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above periods the share would often drop to
around 22%-33%, and in 1980 and 1985, even
to 6.3% and 6.7% respectively. In the years when
an increase of the number of cyclones moving
over Svalbard was recorded, this rate tended
to exceed 40%, reaching almost 69% in 2015.
Very deep cyclones were recorded sporadically
and never more often than on four days during
the year. In 21 of the years such systems did not
occur at all. Their greatest frequency was seen in
1986—-1999, when a total of 23 out of 46 of them
were recorded, and they occurred in each year of
the period.

On days when deep cyclones moved over
the region, pressure values lower than or equal
to 990 hPa were most frequently recorded over
only some of the study area. However, it is worth
noting that on over 33 days (about 11% of all
cases) such a low pressure occurred at all grid
points (Fig. 7) and only 6 of those days pre-dated
1988. During the passage of such intense pres-
sure systems, the average daily pressure values
would drop as low as 949.8 hPa (8 January
2002). On days with deep cyclones, pressure
values lower than or equal to 990 hPa tended to
continue for not more than one day. There were
only 30 cases when such a low pressure spanned
two days and four cases in which it lasted for
three days (in March 1989, February 1993 and
2012, and June 1999). The year 1993 was char-
acteristic too, recording as many as 11 days with
deep cyclones, including four days (at the turn of
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Fig. 7. Number of days with pressure <990 hPa or
< 970 hPa registered at particular number of grid points
over Svalbard in the period 1971-2015.

9 10 11 12

January and February) during which the average
daily pressure fell below 970 hPa in the study
area (at 8—11 grid points during one day).

Spatial and seasonal variability of
the high-pressure systems
occurrence

As has been mentioned above, on average anti-
cyclone systems (the centre of the baric system is
not necessarily over Svalbard) represent 40.6%
of all synoptic situations occurring over the Sval-
bard area (Niedzwiedz 2013). By contrast, an
anticyclone centre occurs much less frequently,
and in the years 1971-2015, it accounted for
a mere 1.4% of all cases. This means that on
average there were around 4.9 such days during
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the year, with the largest number of days with
an anticyclone centre over the study area (19
days) recorded in 1998. High-pressure systems
are least frequent in the cold period and most
common in spring, which is characteristic of the
region. The annual maximum of their frequency
is usually seen from May to August (Fig. 4).
On average, the months observe from 0.5 to 0.8
days with an anticyclone centre, even though
the highest number of such days over the entire
multiannual period was recorded in May (36
days), followed by June—only one fewer day
(Fig. 8A). Strong and very strong anticyclones
mainly occurred in spring and autumn, account-
ing — in the months of their greatest frequency
— for 39%-63% (pressure > 1030 hPa) and
17%-32% (pressure > 1035 hPa) of all cases
in spring, and for 26%-53% and 17%-38% in
autumn, respectively (Figs. 8B and 9).

Unlike the long-term variability in the number
of days with a cyclone centre, the number of days
with an anticyclone centre over the area inves-
tigated saw a large growth from the beginning
of the period (an increase of 1.5/10 years, statis-
tically significant at 0.01; Fig. 10). The above
increase is mainly attributable to the very small
number of systems in the first decade of the
multiannual period (with 13 of the 222 days in
question), which also observed an increased fre-
quency of cyclone centres. This means that, in
the years 1971-1980, the annual average number
of days with an anticyclone centre was only 1.3,
while in the remaining period — around 6.0, with
a multiannual average of 4.9 days. Anticyclone

centres moved over Svalbard most frequently in
the 1990s, which saw an average of more than
eight such days during the year. The trend in the
annual number of days with an anticyclone centre
over the study area described may result from the
distinct decrease in their frequency in the years
1971-1980. If the number of anticyclones had
been considered from 1950, the increase would
be much less noticeable (0.9/10 years), which is
due to the number of anticyclones occurred in
1951-1970 (average 5.2 days during the year).
Strong (pressure > 1030 hPa) and very strong
(pressure > 1035 hPa) anticyclones were much
less frequent, occurring on 60 and 15 days in the
multi-year study period respectively (averaging
approx. 1.3 and 0.3 days/year). In many of the
years, they were not recorded at all, and they were
slightly more frequent from the 1990s (Fig. 10).

On days when an anticyclone centre appeared
over Svalbard, pressure values at individual grid
points most frequently ranged between 1020
and 1030 hPa (38.0% at P1,, 55.7% at P4 ).
High pressure values were recorded over only
a part of the study area relatively frequently,
which is confirmed by the share of values from
the 1010-1020 hPa range which reached from
22.6% (P3.) to 48.0% (P3,,) at individual points,
with values of 1030 hPa and more recorded at
only 6.3% (P1,) to 22.2% (P3_.). The highest
pressure on days with an anticyclone centre over
Svalbard was 1051.0 hPa which occurred on 21
March 2013.

Although, as a rule, anticyclones are hori-
zontally extensive systems, very high pres-
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Fig. 11. Number of days with pressure = 1030 hPa
or = 1035 hPa registered at particular number of grid
points over Svalbard in the period 1971-2015.

sure values (not lower than 1030 hPa) were
most often recorded at 1-6 grid points on the
same day (Fig. 11). Pressure of > 1030 hPa was
recorded at 12 points merely six times. The pres-
sure values fluctuated over the study area on
the days in question: 1021.4—1051.0 hPa, when
pressure > 1030 hPa was recorded at 10-12
grid points; and 1030.9-1051.0 hPa, when pres-
sure > 1030 hPa was recorded at 12 grid points.
Cases in which a pressure of > 1030 hPa cov-
ered the entire or almost the entire area mainly
occurred from the 1990s (Table 3).

Discussion and conclusions

The Arctic is one of those areas which are
very sensitive to climate change, in particular

to changes in atmospheric circulation, which
accounts for the greater part of the energy that
flows into the area. A unique role in this pro-
cess is played by dynamic low-pressure sys-
tems moving from the Atlantic towards the polar
regions. However, the presence of high-pres-
sure systems is equally important. On the one
hand, such systems favour cloudless weather and
strong long-wave radiation into the atmosphere,
and on the other, they often become block-
ing systems, which modify cyclone trajectories.
Deep low-pressure systems and strong high-

Table 3. Days with pressure = 1030 hPa noted in at
least 10 grid points over Svalbard in the period 1971—
2015.

Year  Month  Day Number of grid points
with pressure
=1030 hPa  =1035 hPa
1978 I\ 23 11 2
1987 X 22 12 4
1993 v 1 11 6
1993 \ 20 12 6
1996 [\ 9 10 9
1998 Xl 12 11 6
2005 I\ 29 12 12
2010 \ 15 10 0
2010 Xl 26 12 1
2010 Xl 27 12 1
2013 1] 21 12 12
2014 X 8 10 4
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pressure systems, which have an exceptionally
important influence on weather, are particularly
important. Therefore, learning about changes in
the frequency of occurrence of low- and high-
pressure systems may provide better insight into
the climate change which takes place over the
study area.

The study presented in this paper focuses
on the occurrence of low- and high-pressure
systems over Svalbard, an area which is under a
strong influence of the atmospheric circulation
from the Atlantic and the thermal effect of the
ocean. The results obtained indicate that, despite
the observable and forecasted shift of cyclone
tracks towards Polar Regions (Leckebusch and
Ulbrich 2004, Zhang et al. 2004, Yin et al. 2005,
Catto et al. 2011), there are no pronounced
changes in the number of cyclones occurring
over the study area in the period 1971-2015.
This concerns both all cyclones and deep and
very deep cyclones, thus confirming the results
of research by other authors, who point to an
absence of changes or even a decrease in the
number of cyclones in these regions (Watterson
2006, Pinto ef al. 2007, Bengtsson et al. 2009,
Catto et al. 2011). A characteristic feature of
the long-term trend of low-pressure systems is a
clear decrease in their frequency in 1977-1985,
and an increase in the 1990s. It is worth noting
that, in the years which stand out, a high number
of days with a cyclone centre over Svalbard
was usually associated with a high frequency
of deep lows. In those years, their share in the
total number of low-pressure systems exceeded
40%, reaching even 69% in 2015. As regards the
annual maximum of the occurrence of the sys-
tems analysed, there is a slight predominance of
cyclones occurring in November and December,
especially towards the end of the multiannual
period under study. This predominance is more
pronounced in the case of deep and very deep
cyclones, which usually demonstrate the highest
annual values in December and November and
December and January respectively. On account
of the small area covered by cyclonic systems
and the dynamics with which they move, cyclone
centres with pressure < 990 hPa spanned more
than half of the study area in only 42% of the
cases, with deep cyclones (pressure < 970 hPa)
continuing for as many as 3 days only 4 times.
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Anticlones are much less frequent over Sva-
bard (Niedzwiedz 2013), and an anticyclone
centre extended over the area on merely 1.4% of
all days in the multi-year study period. However,
compared to cyclonic systems, the increase in
the number of the anticyclones in question was
evident. It seems that this mainly resulted from
the very small number of anticyclones occur-
ring at the beginning of the period analysed,
which was dominated by an increased number
of cyclones. However, similar relationships are
not noticeable during the rest of the multi-year
period, since an increased number of anticy-
clones in the 1990s is accompanied by a large
number of cyclones moving over Svalbard. Per-
haps this can be explained by other changes in
circulation over the study area, including the
pressure value changes (Bielec-Bakowska 2016),
increased westerly flow and strong cyclonic cir-
culation (Walsh et al. 1996, Polyakov et al. 2003,
Niedzwiedz 2004, Zhang et al. 2004), and the
north-westward movement of the Siberian High,
as a result of which it can influence the weather
within the study area to a greater extent (Zhang
et al. 2012). Although the increase was not sta-
tistically significant for strong and very strong
anticyclones, certain signs of an increase in their
frequency can be observed from the beginning
of the 1990s. The changes described were not
accompanied by a variation in the annual course
of occurrence of high-pressure systems. Such
systems were most frequent in the warm half of
the year, with the annual maxima falling in May,
although these anticyclones should be treated
as weak pressure systems. Meanwhile, strong
and very strong highs occurred chiefly in spring
and autumn, when they usually took the form of
vast pressure systems covering a large part of the
region, with pressure reaching 1050 hPa.
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