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Keywords Abstract
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temperature; circulation; polar climate. Ten warm-core winters were distinguished in the period 1975/76-2007/08,

drawing on data from the Svalbard Airport weather station in central
Spitsbergen and using the conditions t,, | <t,, and t,, >1,, . (tis the monthly
mean temperature while ,,_4, ,, and ,, ., denote subsequent winter months)
and the parameter of a coreless rate, ¢, (the ratio of the second, a,, to the first,
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a;, harmonic of the annual temperature wave). Composite maps of sea-level
pressure (SLP) and z 500-hPa means, and anomaly maps, were constructed
separately for the mid-winter warm events and for the cold months before and
after warming. Using the clustering method, different pressure patterns were
recognized among the days of mid-winter warm spells. The occurrence of
coreless winters in central Spitsbergen seems to be largely controlled by
the position, extent and intensity of large-scale atmospheric systems, mainly
the Icelandic Low. When the low spreads to the east and its centre is over the
Barents Sea the inflow of air masses from the northern quadrant is observed
over central Spitsbergen. This inflow of cold air of Arctic origin to the island
takes place during the months preceding and following warm mid-winter
events. Different circulation conditions appear when the Icelandic Low gets
deeper than usual and shifts northwards, which coincides with warm spells.
Sometimes a secondary cyclonic centre is located over Fram Strait and its
warm sector encompasses Svalbard.

From year to year mean monthly surface air tempera-
tures at high latitudes vary considerably, as does the
annual temperature pattern, particularly for the winter
season. A characteristic of the annual pattern of surface
air temperature in the polar regions is a mid-winter warm
spell. This phenomenon of a semi-annual temperature
cycle was first recognized in the Antarctic and was called
“kernlose”, or coreless, winter (Wexler 1958), that is, a
winter lacking a cold core (see Van Loon 1967). The long
warm spells observed during the polar winter are also
known as “warm-core events” (Umemoto 1998). The
occurrence of coreless winters in the Antarctic has been
well recognized and widely described (e.g., Van Loon
1967; Dolgin 1976, Wendler & Kodama 1993; Kejna
2002; Lipowska 2004; Styszynska 2004; Chen et al.

2010). Fewer works deal with the occurrence of coreless
winters in the Arctic (Rubinshteyn 1962; Umemoto
1998).

Two principal mechanisms to account for coreless
winter phenomenon have been discussed. One is the
influence of air circulation factors that contribute to
warm advection from lower latitudes during the polar
winter (Wexler 1958; Rubinshteyn 1962; Dolgin 1976;
Dolganov 1986; Wendler & Kodama 1993; King & Turner
1997; Styszyniska 2004). The second is a characteristic of
the radiation balance during polar nights: a strong
inversion reaching the level of 2 km (and amounting to
25°C) in the Antarctic (Connolley 1996) and about 1 km
over the Arctic Basin (Serreze et al. 1992). With this
inversion, the upper and middle layers of the troposphere
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become warmer than the layer close to the ground and
emanate a flux of long wave radiation, which reaches the
lower layer and warms it up. An additional factor
bringing about the temperature increase under the
conditions of deep inversion is high-speed katabatic
winds, typical of mountainous climates in cold zones,
which disturb the inversion layer and mix the air masses.

Over the Arctic, additional possible mechanisms have
been postulated by Rubinshteyn (1962): the sensible heat
transport from the Arctic Ocean through the sea ice; the
release of latent heat at sea ice formation.

Most studies of coreless winters concern Antarctica; the
phenomenon is not as well documented or understood in
maritime polar regions of the Northern Hemisphere. This
study aims to detect the occurrence of coreless winters in
Spitsbergen and to identify the pressure fields and
circulation factors responsible for the mid-winter warm-
ing. In light of the interest in climate changes in the
Arctic, this work contributes the larger discussion of
winter temperature and circulation feedback in this
region.

Study area

The island of Spitsbergen is part of the Svalbard Archi-
pelago, located in the North Atlantic. Svalbard is
surrounded by the Arctic Sea in the north, the Barents
Sea in the south-east and the Greenland Sea in the
south-west. The archipelago is separated from Greenland
by the narrow Fram Strait. The surrounding seas are
ice-bound for part of the year. The occurrence of sea
ice is strongly controlled by the warm West Spitsbergen
Current and the cold East Spitsbergen Current. The
southern coast of Spitsbergen represents the most north-
erly penetration of open ocean water in winter in the
North Atlantic. This study considers the central part of
the island, represented by the Svalbard Airport weather
station (78.25°N, 15.46°E, 2 m a.s.l.).
located near the shore of the Isfjorden fjord, which cuts
in deeply from the west side of the island.

The airport is

Data and methods

Daily mean surface air temperatures at Svalbard Air-
port for the years 1975-2008 were collected from the
Norwegian Meteorological Institute, available via the
eKlima Internet portal (http://sharki.oslo.dnmi.no/portal/
page?_pageid=73,39035,73_39049&_dad=portal&_schema=
PORTAL). In the Arctic, determining the homogeneity of
a time series is often very difficult because of the absence
of neighbouring stations (Nordli 1990). In the case of
Svalbard Airport no changes in the location of the station
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took place in the studied period and the series was
checked and deemed homogeneous (Forland et al. 1997;
Nordli et al. 2000).

Warm-core events can be simply defined by the
following conditions: t,,_; <t,, and t,, >t,, ., where t is
the monthly mean temperature, while ,,_;, ,, and ,,
denote the previous month, the very month and the
following month, respectively. The occurrence and in-
tensity of the coreless winter can also be determined by a
parameter of a coreless rate, ¢, which is defined as the
ratio of the second, a,, to the first, a;, harmonic of
the annual temperature wave (Allison et al. 1993;
Wendler & Kodama 1993; Chen et al. 2010). A coreless
rate greater than 0.25 denotes a typical coreless winter.
Both criteria were applied to identify coreless winters
in this study. First and second harmonics of annual
temperature wave were found by least square data fitting
to the model:

t;=a,+a; cos(2mi/12 + ¢;) + a2 cos(2mi/6 + c2),

where f; is mean monthly temperature of month i
(i=1...12).

To recognize the circulation factors responsible for the
events of mid-winter warming, the pressure patterns
during coreless winters were identified. To this end, the
sea-level pressure (SLP) and 500-hPa geopotential
heights (z 500 hPa) daily data were selected from the
reanalysis data sets produced by the National Centers
for Environmental Prediction and the National Center
for Atmospheric Research in the US (Kalnay et al. 1996).

Composite maps of the SLP and z 500-hPa means and
anomaly maps of the region between 60 and 90°N and
between 60°W and 80°E were constructed separately for
the mid-winter warm events and for the cold months
before and after warming. Composite anomaly maps
show the SLP and z 500-hPa differences between the
selected weather situations and winter means (Birkeland
& Mock 1996).

To distinguish pressure patterns occurring during the
mid-winter warming, Ward’s (1963) minimum variance
method was conducted on the standardized daily SLP
data to cluster the days of mid-winter warm spells.
Ward’s method is the most frequently used hierarchical
clustering technique for climatic classifications (Kalkstein
et al. 1987). Clustering techniques have been used
previously to identity the atmospheric circulation pat-
terns associated with the occurrence of specific weather
phenomena (e.g., Birkeland & Mock 1996; Esteban et al.
2005). The SLP and z 500-hPa contour maps were
constructed for each distinguished group, representing
different pressure patterns that appear during mid-winter
warm spells.
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Finally, the relation of the occurrence of coreless
winters to the Northern Hemisphere teleconnection
patterns was analysed. To this end, the correlation
coefficients between ¢, and indices of each teleconnection
pattern were computed for every winter month, and for
all months of the year preceding and following the winter
season. The Northern Hemisphere teleconnection pat-
terns represented by monthly indices were taken from the
US National Oceanographic and Atmospheric Adminis-
tration’s Climate Prediction Centre (CPC) data sets (http://
www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml) .

Results

The annual pattern of the air temperature at Svalbard
Airport averaged for 33 years (Fig. 1, Table 1) reaches a
maximum of 6.3°C in July, gradually decreasing to the
minimum of —14.2°C at the end of the polar night
(February). The spring increase in the air temperature
is usually rapid, particularly in April and May, caused
by the start of the polar day. The lowest temperature
(—12.0 to —14.2°C) occurs in the period from December
to March, with an average of —13.3°C. However, the air
temperature patterns of particular years show great
interannual variability. The temperature of summer
months is much less variable (standard deviation [SD]
close to 1°C) than the temperature of winter months
(SD ranging from 4 to 5°C).

The 10 most typical coreless winters fulfiling the
conditions delineated earlier were selected out of 33
analysed seasons. Each of them is characterized by the
anomalous annual pattern of air temperature, repre-
sented by one or two sub-waves during the winter season
(Fig. 1). The amplitude ratio of the second to the first
harmonic of the annual temperature wave (coreless rate)
exceeds 0.25 for each chosen winter.

After rapid autumn cooling, a temperature increase
is observed in winter months, most often in February
and/or in January. Afterwards, a secondary decrease in
the temperature (usually reaching the annual minimum)
occurs before the beginning of the polar day. Due to
the long warm spells in the middle of the season,
coreless winters are usually warmer than average, with
the exception of the winter of 1987/88, when the
mean temperature of the coldest months (December—
March) was permanently lower than average (Fig. 2).
However, in this year the coreless character of the winter
was determined by exceptionally low temperatures in
December, March and April rather than high tempera-
tures during the winter core.

As circulation factors may be the main reason for the
anomalous winter temperature pattern, pressure fields

Citation: Polar Research 2011, 30, 12218, DOI: 10.3402/polar.v30i0.12218

Coreless winters in central Spitsbergen

and their changes during coreless winters were analysed.
The pattern of the mean SLP in winter shows two main
centres in the Atlantic sector of the Northern Hemisphere
(Fig. 3). One is the constant Greenland High, with a
pressure of approximately 1020 hPa in the centre (SLP
values over Greenland are fraught with uncertainty
because of problems in extrapolating pressure over the
high ice sheet). The other one is the Icelandic Low, with a
pressure of 998 hPa in the centre, which is located south-
west of Iceland. The Icelandic Low spreads to the north-
east, forming a secondary centre (1002 hPa) over the
North Atlantic, south of Svalbard. There is a big pressure
gradient between Greenland and the aforementioned
cyclonic centres. A smaller pressure gradient is observed
towards the north-eastern Europe where the SLP in-
creases gradually. In winter, the mean z 500-hPa level
inclines from the south (5250 m) to the north ( <5100 m
over the Arctic Ocean). The z 500 hPa is often used to
study the upper-level airflow as it relates to the surface
weather.

The composite map and the anomaly map of the SLP
and z 500 hPa were constructed for the cold months
preceding and following the mid-winter warm spells
(Fig. 4). In the SLP contour map, constructed for the
above-mentioned cold months, the North Atlantic low
moves to the east and its centre locates over the Barents
Sea (Fig. 4a). Encompassing the south-eastern part of the
studied area, this is a region of negative SLP anomalies
(Fig. 4b). Strong positive SLP anomalies (up to 8 hPa)
appearing over Iceland indicate weakening of the Icelan-
dic Low, which would suggest the negative phase of the
North Atlantic Oscillation (NAO), although the opposite
centre over the Azores is not shown. Such a pressure
pattern at sea-level implies a northern and north-eastern
flow of air, which brings cold Arctic air to the North
Atlantic. Contours of z 500 hPa constructed for the cold
months during coreless winters bend to the south over
the eastern part of the studied area. Small negative
anomalies of z 500 hPa spread over the western part of
the studied area. Such a z 500-hPa pattern suggests the
northerly and north-westerly airflow in the middle
troposphere over Svalbard.

The pressure pattern, mainly the position of the North
Atlantic cyclonic centre during the cold months preced-
ing and following the warm mid-winter events, indicates
the airflow direction from the northern quadrant over
central Spitsbergen. This brings cold air of Arctic origin to
the island.

Quite different synoptic situations underlie the mid-
winter warm spells. Figure 5a shows stronger-than-usual
Icelandic Low (possibly the positive phase of the NAO),
which is pushed slightly to the west and spreads
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Fig. 1 Annual course of the air temperature for years with coreless winters identified in the period 1975-2008 and a mean course (dashed line) for the
whole period 1975-2008 as measured at the Svalbard Airport. The coreless rate (c,) is given for each year.
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Table 1 Monthly mean temperature (°C) for the period 1976-2008 and for the coreless winters identified in the study. Mid-winter warm episodes are
indicated in boldface.

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr Mar  Jun
Mean 1976-2008 6.3 53 0.8 —5.1 —8.6 —12.0 —13.7 —14.2 —135 —10.4 —33 2.7
1983/84 6.0 4.1 10 —64  —143  —171 —-8.8 —87  —145 —80 —29 27
1984/85 6.6 5.0 1.5 —2.5 —4.6 —2.7 —12.7 —9.5 —11.8 —134 —3.8 3.1
1987/88 4.7 4.0 —1.4 —6.5 —10.4 —18.1 —16.9 —14.0 —19.6 —18.1 —2.6 29
1989/1990 53 4.7 1.3 —5.6 —9.4 —15.2 —6.2 —9.9 —153 —8.2 —4.1 2.7
1990/91 6.4 55 5.2 —2.4 —11.9 —9.0 —123 —9.1 —8.6 —11.8 —4.0 25
1995/96 63 54 22 —63  —143 —14.4 —9.8 —177 —6.8 —94  —48 23
1999/2000 6.3 4.8 2.8 —6.2 —3.9 —10.1 —8.5 —10.8 —14.7 —12.7 —4.4 2.1
2000/01 6.0 5.1 2.1 1.4 —37 —9.7 —-83 —9.1 —16.4 —123  —30 33
2004/05 7.5 5.7 1.4 —35 —11.7 —6.5 —7.5 —6.8 —17.0 —8.9 —1.2 4.6
2006/07 7.5 6.6 1.7 —55 —4.1 —6.3 —8.9 —9.0 —6.7 —9.4 —1.4 5.1
northwards. The area of lower-than-normal SLP encom- The shift of pressure patterns which takes place during
passes most of the North Atlantic, with the anomalies coreless winters, resulting in the temperature increase, is
amounting to — 2 hPa north of Iceland. At the same time, shown in Fig. 6, which depicts the pressure difference
positive SLP anomalies (up to 6 hPa) are observed in the between warm and cold months during the selected
south-east, which indicates a stronger-than-usual high- winters is depicted. The contours indicate that the
pressure system over continental Europe. Contours of z Icelandic Low gets deeper by 6-8 hPa and spreads widely
500 hPa constructed for the warm mid-winter months over the western part of the North Atlantic. At the same
bend slightly to the north over the eastern part of the time, the continental anticyclone over northern Europe
studied area, suggesting a south-westerly airflow in the strengthens by 8-10 hPa, forming a blocking system,
middle troposphere over the North Atlantic. The centre of which pushes the Icelandic Low to the west.
positive z 500-hPa anomalies occurs in the eastern part of The SD of the SLP and z 500-hPa fields was computed

the studied area. Consequently, circulation during the for Fig. 5a and its value (14.6 hPa for the SLP and 153.2
warm mid-winter events is characterized by a strong m for the z 500-hPa field) was even higher than the SD

south-westerly (in the middle troposphere) and south- computed for the whole analysed period, shown in Fig. 3
easterly (at sea-level) flow component, in contrast to the (14.0 hPa and 148.5 m, respectively). This suggests that
average winter circulation over the North Atlantic. the composite map was averaging together a wide range
Stronger-than-usual air flow from the southern quadrant of conditions. Therefore, an attempt was made to classify
brings about warmer-than-usual air masses over Sval- the pressure patterns during the mid-winter warm spells
bard, causing a significant mid-winter warming. in central Spitsbergen. After clustering based on the
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Fig. 2 Multiannual course of winter (December—March) mean air temperature measured at Svalbard Airport with a trend line and the mean for the
whole period (—13.3°C) marked with a dotted line. All coreless winters identified in the study are indicated with circles.
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Fig. 3 Mean sea-level pressure (solid lines) and geopotential height of 500 hPa in gpm (dashed lines) over the studied area for winter seasons 1975/76—

2007/08.

standardized SLP data, composite maps of the three most
relevant groups were constructed (Fig. 7). In the three
types that were obtained the SLP patterns differ
by the location and intensity of the pressure centres.
In type 1, the Icelandic Low is much deeper than usual

and its centre is shifted to the north-east in comparison
with the average position. At the time, a higher-than-
normal pressure is observed over north-eastern Europe
and north-western Asia. Such SLP anomalies imply a
high pressure gradient over the studied area and indicate

Fig. 4 (a) Composite map of mean sea-level pressure (SLP) (solid lines) and geopotential height of 500 hPa in gpm (dashed lines). (b) Anomalies of the
SLP (solid lines) and geopotential height of 500 hPa (dashed lines) for the cold months preceding and following the mid-winter warm spells.

(page number not for citation purpose)
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Fig. 5 (a) Composite map of mean sea-level pressure (SLP) (solid lines) and geopotential height of 500 hPa in gpm (dashed lines). (b) Anomalies of the
SLP (solid lines) and geopotential height of 500 hPa (dashed lines) for the months of mid-winter warm periods.

a very strong south-eastern airflow, which brings warm the western cyclones form a narrow trough of low
air masses over Svalbard. Therefore, the mean tempera- pressure spreading along the eastern coast of Greenland,
ture for type 1 days is 7.4°C, which is about 5°C higher with one very deep centre located west of Iceland and
than the winter average. In type 2, the anticyclone over a secondary centre located over Fram Strait. Again, a
continental Europe is even stronger than in type 1 and high pressure gradient causes a very intensive airflow

Fig. 6 Difference between mid-winter warm periods composites and cold months composites (preceding or following the mid-winter warm spells).
Solid lines indicate sea-level pressure and dashed lines are geopotential height of 500 hPa in gpm.
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Fig. 7 Circulation types distinguished among the days of mid-winter warm spells. Solid lines indicate sea-level pressure and dashed lines are

geopotential height of 500 hPa in gpm.

over the North Atlantic. Southern and south-eastern air
masses flow over Svalbard, raising the air temperature
during type 2 days to a mean value of 7.5°C. The
intensity of the Icelandic Low in both types 1 and 2 is
similar to the positive phase of the NAO with negative
SLP anomalies over Iceland extended to the north and
north-east.

(page number not for citation purpose)

Type 3 represents different circulation conditions, with
a very small pressure gradient over the North Atlantic
and Europe and a weak low pressure centre spreading
along the north coast of Scandinavia. Because such a
pressure field results in a weak eastern airflow, the mean
temperature during type 3 days is 11.1°C—is lower than
in other types.
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The relation of the occurrence of coreless winters in
central Spitsbergen to the NAO and other Northern
Hemisphere teleconnection patterns was analysed. The
correlation coefficient between ¢, and the NAO is positive
for December and January, but is not statistically sig-
nificant. Correlation coefficients with other indices show
a great variability from month to month and they are not
statistically significant in most cases. Significant values
are incidental (e.g., negative correlation coefficient be-
tween ¢, and indices of the polar/Eurasia teleconnection
pattern in January). Because of the lack of regularity in
these high correlation cases and difficulties in their
physical explanation we suspect that they result from a
random coincidence rather than a real relationship.

Discussion and conclusions

In the warming observed in recent years in the Arctic, the
increase in winter temperature—about 5°C during the
past three decades—plays an important role (Rogers et al.
2005), highlighting the importance of gaining a better
understanding of coreless winters. At higher latitudes in
winter, when there is no inflow of solar irradiation,
temperature fluctuations are caused by atmospheric
circulation (Alekseev et al. 1991, cited in Hanssen-Bauer
& Forland 1998; Przybylak 2000). In the Norwegian
Arctic, intense cyclonic activity and variation in the
extent of air masses, originating from the north-east
and south-west, cause great variation in the weather and
in temperature conditions (Steffensen 1982; Nordli 1990;
Forland et al. 1997). The occurrence of coreless winters
in central Spitsbergen seems to be highly controlled by
the air circulation, the latter being a consequence of
pressure patterns over the North Atlantic and Eurasia.
The position, extent and intensity of the two large-scale
atmospheric systems are of crucial importance for con-
trolling the temperature field over the North Atlantic.
The main centre of action is the Icelandic Low, which
strongly modifies the track of the Northern Hemispheric
westerlies, so that they transport sensible heat poleward.
A small change in the position of the Icelandic Low and
in the cyclone track over the North Atlantic completely
changes the direction of the air masses advection to
Svalbard and causes a dramatic change in the air
temperature.

When the low pressure system spreads to the east and
its centre locates over the Barents Sea the inflow of air
masses from the northern quadrant is observed over
central Spitsbergen. This brings cold air of Arctic origin to
the island and contributes to an essential drop in the air
temperature. Such situation takes place during the cold
months preceding and following the warm mid-winter

Citation: Polar Research 2011, 30, 12218, DOI: 10.3402/polar.v30i0.12218
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events. Quite different circulation conditions appear
when the Icelandic Low gets deeper-than-usual and it
is shifted northwards, which takes place during the warm
mid-winter events. Sometimes, a secondary cyclonic
centre is located over Fram Strait and its warm sector
encompasses Svalbard.

The same locations of the main “centres of action” with
the intensive cyclogenesis in winter were indicated by
Rogers et al. (2005): (1) Fram Strait, which is a pathway
of the cyclonic activity towards the High Arctic; (2) the
Barents Sea, also identified by Serreze & Barry (1988)
and Serreze et al. (1993); and (3) a centre located south-
west of Iceland, commonly known as the Icelandic Low.
The tirst and the third locations are responsible for the
mid-winter warm events and the second one causes an
instant cooling on Spitsbergen.

A mid-latitudes blocking system plays an important
role in modifying the cyclone tracks. Such a blocking
system (i.e., anticyclone) over the continent of Eurasia
modifies the range of cyclonic activity connected with the
Icelandic Low and pushes the cyclone track poleward
through the Greenland Sea and Fram Strait. Therefore,
while strong North Hemisphere blocking systems cause
negative temperature anomalies in the middle latitudes,
they bring positive temperature anomalies in the high
latitudes (Dole & Gordon 1983; Colucci 1985; Knox &
Hay 1985; Umemoto 1998).
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