INTERNATIONAL JOURNAL OF CLIMATOLOGY

Int. J. Climatol. 34: 3702-3719 (2014)

Published online 14 February 2014 in Wiley Online Library : .
(wileyonlinelibrary.com) DOI: 10.1002/joc.3937 Royal Meteorological Society

Spatial distribution of air temperature on Svalbard during
1 year with campaign measurements

R. Przybylak,** A. Arazny,* @. Nordli,® R. Finkelnburg,® M. Kejna,® T. Budzik,? K. Migata,®
S. Sikora,® D. Puczko,’ K. Rymer® and G. Rachlewicz®

4 Department of Meteorology and Climatology, Nicolaus Copernicus University, Toruri, Poland
b Research and Development Department, Division for Model and Climate Analysis, Norwegian Meteorological Institute (MET Norway),
Oslo, Norway
¢ Department of Ecology, Technical University, Berlin, Germany
4 Department of Meteorology and Climatology, University of Silesia, Sosnowiec, Poland
¢ Department of Climatology and Atmospheric Protection, University of Wroctaw, Poland
¥ Institute of Biochemistry and Biophysics PAS, Polish Academy of Sciences, Warsaw, Poland
& Cryosphere Research Department, Adam Mickiewicz University, Poznan, Poland

ABSTRACT: In this article, the results of an investigation into the air temperature conditions on Svalbard in the period
1 September 2010 to 31 August 2011 are presented. For this period, parallel temperature measurements have been made
as many as in 30 sites. On the basis of this unique set of data it was possible to study, in detail, the spatial distribution
of different thermal characteristics [mean temperature, diurnal temperature range (DTR), day-to-day variability, degree
of climate continentality, etc.] in Svalbard. Such knowledge of the whole of Svalbard was not previously available with
sufficient accuracy for all areas. High resolution maps showing the spatial distribution of all studied thermal characteristics
were also produced and analysed.

Analysis of surface temperature data shows that the markedly coldest area throughout the whole year was northern
Svalbard, and in particular its eastern side (Nordaustlandet). On the other hand, the highest temperatures were recorded
in western part of Spitsbergen. The greatest spatial decreasing rate of temperature in Svalbard throughout the whole year
was observed in a southwest (SW)—northeast (NE) direction. The distribution of mean seasonal and annual temperature
reduced to sea level on Svalbard differs from the distribution based on surface temperatures. Spring, and in particular
winter, saw the greatest DTRs (4—7 and 6—9 °C, respectively), while the lowest were observed in summer (3.0-3.5°C).
In all seasons, the highest DTR were mainly noted in the NE part of Svalbard, while the lowest were in its SW part. The
lowest continentality of climate (30%) is clearly seen in the south-western part of Svalbard, while the highest values (above
43%) stretch from the western part of Nordaustlandet to the area of Sveagruva in the central-eastern part of Spitsbergen.
The NORA10 hindcast temperature data differ significantly from measured data for some seasons and areas and need bias
corrections when used in climatology.

KEY WOorRDS ~ Svalbard; Arctic; air temperature; historical climatology; climate change

Received 6 June 2013; Revised 2 January 2014; Accepted 3 January 2014

1. Introduction destination for many expeditions, both exploratory and
scientific (e.g. Nathorst, 1909; Dybwad, 1913; Birkeland,
1920; Hoel, 1929; Szupryczyfiski, 2007 and references
herein). Also one of the first meteorological stations in
the Arctic located outside Greenland was established here
in 1911 (Green Harbour). The climate history for Sval-
bard for almost the whole 20th century is quite well
known (for details, see Steffensen, 1969; Steffensen,

Svalbard is an archipelago located in the warmest part
of the Arctic. For example, the air temperature in win-
ter is here about 20 °C higher than in the north-eastern
part of the Canadian Arctic lying at the same latitude
(Przybylak, 2003). The reason for this thermal privi-
lege is the opening of the region to influences from

the North Atlantic, expressed in the advection of warm
and humid air and warm waters (including the signif- 1982; Hanssen-Bauer et al., 1990; Steffensen et al., 1996;

icant influence of the West Spitsbergen Current (e.g. Forland er al., 1997; Przybylak, 2002; Przybylak, 2003;

Walczowski and Piechura, 2011). As a result of this Frzybylak, 2007; Nordli, 2010; Nordli er al., 2014). On
the other hand, markedly less is known about climate

changes prior to this time. For the Holocen (including
- the last millennium), some information is available based
* Correspondence to: R. Przybylak, Department of Meteorology and o different proxy data (e.g. ice-cores and laminated

Climatology, Nicolaus Copernicus University, Torufi, Poland. E-mail: lake sediments). For a short synthesis of this knowledge
rpl1@umk.pl : K e
P P see Przybylak (2003). Early-instrumental meteorological

relatively easy access, Svalbard has quite often been the
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observations are available for some areas and time peri-
ods, but to compare them with the present-day climate,
corrections are needed for the effect of different geo-
graphical locations of historical sites. But until now,
knowledge about the spatial diversity of different ther-
mal parameters for Svalbard has been limited due to the
fact that almost all present meteorological stations are
located only on the western coast of Spitsbergen. On the
other hand, in the early instrumental period quite a lot
of meteorological measurements have been made in the
eastern and northern parts of the Svalbard archipelago.
Therefore, to calculate climate change between historical
and present times we need to know the spatial distri-
bution of mean monthly and seasonal air temperatures
throughout Svalbard with greater precision and reliability
than has been possible until now. A review of the liter-
ature presenting the spatial distribution of temperatures
on Svalbard confirms this statement (Dove, 1852; Hann,
1887; Birkeland, 1920; Alissow, 1954; Sochrina et al.,
1959; Treshnikov, 1985; Kotlyakov, 1998; Fgrland et al.,
2009). To improve existing knowledge about temperature
differences on Svalbard, campaign measurements were
performed with automatic weather stations (AWS) as part
of the Arctic Climate and Environment of the Nordic Seas
and the Svalbard — Greenland Area (AWAKE) project.
The AWS were located at historical sites in Svalbard,
where old meteorological stations had previously been
operating as well as in the Forlandsundet region, as part
of climatological studies conducted by the Department
of Meteorology and Climatology of the Nicolaus Coper-
nicus University since 1975 (Przybylak et al., 2012). In
addition, all other available temperature data from Sval-
bard have been used. These come from currently running
synoptic weather stations, as well as from sites located in
Hornsund and Petunia (near Pyramiden) regions, where
investigations by Polish universities and institutions have
been performed, and finally from the Nordaustlandet
island, in an investigation conducted within the IPY-
KINNVIKA project (Change and variability of Arctic
systems Nordaustlandet, Svalbard). On the basis of the
parallel measurements conducted from 1 September 2010
to 31 August 2011 at all these sites, for the first time, the
density of stations was sufficient to describe spatial distri-
bution of temperature on the entire Svalbard archipelago.
The main aim of this article is to present the synthesis
of these investigations and to make available to climate
studies new maps with distributions of some of the tem-
perature parameters on Svalbard.

2. Area, data and methods

Svalbard is an archipelago belonging to the Norwegian
Arctic located between latitudes 74°—81° north, and
longitudes 10°—35° east. Spitsbergen is the largest island,
followed by Nordaustlandet and Edgegya (Figure 1).
The location of all sites on Svalbard where temperature
measurements have been made in the period 1 September
2010 to 31 August 2011 is shown in Figure 1, while the
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names of sites (including acronyms) and their geograph-
ical coordinates are given in Table 1. Altogether, data
from 30 sites have been gathered for analysis. As can
be seen, the majority are mainly located in the western
part of Svalbard, however, some also lie in northern and
eastern parts of the area.

Meteorological data used in this article comes from
different institutions [Norwegian Meteorological Institute
(MET Norway), the Arctic and Antarctic Research Insti-
tute in St. Petersburg, the Institute of Geophysics and
Polish Academy of Sciences in Warsaw] and from four
Polish universities (the Nicolaus Copernicus University
in Torun, the University of Wroctaw, the University of
Silesia in Sosnowiec and the Adam Mickiewicz Univer-
sity in Poznan) and one German university (the Techni-
cal University in Berlin). Temperature measurements on
Svalbard were conducted using AWS (Vaisala, Camp-
bell), temperature sensors (DIN TC Ltd. Pt-100 1/10,
MadgeTech and HOBO) located 2m above ground, as
well as radiation screens, usually of the MI-2001 and
Onset RSI types (for details see Table Al of Appendix).
Different accuracy of temperature sensors (0.1-0.6°C)
used for measurements can influence the results, if the
errors are not stochastic. Parallel temperature measure-
ments in the Forlandsundet region carried out in tundra
and glacial environments, using both the temperature
sensors and mercury thermometers with the respective
accuracy of 0.5 and 0.1°C (both thermometers were
placed in Stevenson screens) have shown either a lack
or very small and not statistically significant differences
between the calculated daily and monthly means. This
means that the different accuracy of temperature sen-
sors did not influence the results presented in the article.
Quality control of the data was conducted by the own-
ers or suppliers of the data. A small number of gaps
were filled using data from nearby stations. For the anal-
ysis, daily mean temperatures as well as daily maximum
and minimum temperatures have been taken as source
data.

Diurnal temperature range (DTR) was calculated
according to definition, by subtracting daily minimum
temperature (Tmin) from daily maximum temperature
(Tmax). To calculate day-to-day (interdiurnal) tempera-
ture variability (DDTV) series of differences were estab-
lished between consecutive days of daily mean tempera-
tures. The chosen measure for DDTV was standard devi-
ation (SD) applied to the series of differences within each
month, as well as for each season. Annual temperature
range (ATR) was calculated by subtracting the mean tem-
perature of the coldest month from the mean temperature
of the warmest month.

To estimate the continentality/oceanicity of the climate
in Svalbard, indices proposed by Ewert (1972) and Marsz
(1995) have been used. The continentality index pro-
posed by Ewert was calculated according to the formula:

_ (3.81 -sin+0.1)
K = [ATR — 85-mmett ] 100%

where ATR is annual temperature range, and ¢ is
the geographical latitude.
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Figure 1. Location of meteorological sites in Svalbard from which data were used (for explanation of acronyms see Table 1).

This index takes into account the dependence of ATR
not only on geographical latitude, but also on the percent-
age of land in a given latitudinal band, relief, condensa-
tion processes, etc. Index K changes around the world
from 0% for areas with extreme oceanic climate to more
than 140% for the extremely continental part of Eastern
Siberia (Ewert, 1997). This index can be calculated for
each place on the Earth without any exception (Okotow-
icz, 1976). For the entire Arctic, the index was calculated
by Ewert (1997) and his map, presenting the spatial distri-
bution of the index, is also available in Przybylak (2003).
In their recent work, Hogewind and Bissolli (2011) cal-
culated the continentality index using a modification of
the Ivanov’s (1959) formula for the WMO Region VI,
which includes the Norwegian Arctic.

Marsz (1995) stated that because oceans dominate
the earth, one can speak about the decreasing influence
of oceans with increased distance from their coasts.
Therefore he proposed use of an index of oceanicity of
climate (Oc):Oc = %

On the basis of the distribution of values of this
index around the world, Marsz (1995) distinguished the

© 2014 Royal Meteorological Society

following types of climate: ultracontinental (Oc < 1),
continental (Oc from 1.00 to 1.99), suboceanic (Oc
from 2.00 to 2.99), oceanic (Oc from 3.00 to 3.99) and
ultraoceanic (Oc > 3.99).

In order to eliminate the influence of altitude on mean
monthly, seasonal and annual air temperature, a reduction
to sea level was made using a lapse rate of 0.6°C
per 100 m. Division of the year into seasons was made
following a proposition given by Putnins et al. (1959) and
Gavrilova and Sokolov (1969). For winter, they include
the months from November to March, for spring April
and May, for summer June, July and August, and for
autumn September and October.

As seen from Figure 1, the temperature network
(Table 2) is distributed unevenly, being mostly located
on the western coastal part of Svalbard and concentrated
mainly in two regions. Therefore, for the maps presented
in this article, data from 14 stations, roughly evenly
distributed in the Svalbard area, have been used (VER,
VF, NYA, SKO, KH, PK1, SVA, EDG, BAR, SVE, AKS,
HOR, HOP and SOR). For drawing of isotherms, one
of the most frequent methods of interpolation has been

Int. J. Climatol. 34: 3702-3719 (2014)
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Table 1. Location of meteorological sites in Svalbard from which data were used.

Number Symbol Site [} A h (m as.l.)
1 VER Verlegenhuken 80°04'N 16°15'E 8
2 VF Vestfonna 79°59'N 19°28'E 370
B NYA Ny-Alesund 78°55'N 11°56'E 8
4 SAT Sarstangen 78°44'N 11°29'E 2
5 SAO Sarspyra 78°43'N 11°43'E 9
6 SKO Skotehytta 78°42'N 16°37'E 5
7 KH Kaffigyra-Heggodden 78°41'N 11°50'E 11
8 KT Terasa 78°41’N 11°58'E 90
9 KU Kuven 78°41'N 12°01'E 193
10 GF Grafjellet 78°41’'N 12°01'E 345
11 LW1 Waldemar Glacier-Front 78°41'N 12°00'E 130
12 LW2 Waldemar Glacier-Firn field 78°41’'N 12°05'E 375
13 PH1 Prins Heinrichfjella-1 78°41'N 11°59'E 500
14 PK4 Prins Karls Forland-East 78°41'N 11°59E 6
15 ATA ATA-Hus 78°40'N 11°59E 137
16 SJ3 St. Jonsfjord-Muton 78°34'N 13°09E 14
17 PK1 Prins Karls Forland-West 78°28'N 11°12'E 9
18 SVA Svalbard Lufthavn 78°15'N 15°28'E 28
19 EDG Edgegya-Kapp Heuglin 78°15'N 22°49'E 14
20 BAR Barentsburg 78°04'N 14°15'E 70
21 SVE Sveagruva 77°53'N 16°43'E 9
22 AKS Akselgya 77°41’'N 14°47E 6
23 HT9 Hansbreen-Firn field 77°11'N 15°48'E 421

24 HT4 Hansbreen-Middle 77°04N 15°63'E 184
25 ANG Angelfjellet 77°04N 15°15'E 380
26 FUG Fugleberget 77°00'N 15°34'E 568

27 HOR Hornsund 77°00'N 15°33'E 10
28 HOP Hopen 76°31’'N 25°01'E 6
29 SOR Sgrkappgya 76°29'N 16°33'E 10
30 BJO Bjgrngya 74°31'N 19°00'E 16

Data from stations marked by grey shading have been used to draw Figures 3—7

used, i.e. point kriging, using a linear variogram model
(Ustrnul and Czekierda, 2003). For more details see also
Isaaks and Srivastava (1989).

As compensation for the lack of an accurate obser-
vational dataset with high spatial resolution, a regional
high-resolution (~11 km) hindcast archive (Reistad et al.,
2011; Haakenstad et al., 2012) has been developed at
MET Norway. The archive is called NORA10 and covers
the period from September 1957 until present. It contains
hourly fields of surface- and near-surface parameters, and
fields in the 40 model levels (wind, temperature and
humidity) every third hour.

NORAI10 is produced by dynamical downscaling,
running a frozen version of the HIRLAM NWP model
(version 6.4.2, Undén et al., 2002) for an area covering
the north-eastern North Atlantic, including Scandinavia.
Forcing data have been ERA40 (Uppala et al., 2005)
for the period September 1957 to August 2002, and
operational European Centre for Medium-Range Weather
Forecasts (ECMWF) analyses from September 2002 to
present. The operational ECMWF analyses have at the
moment a horizontal resolution of 16 km.

3. Results and discussion

One year of observations is the minimum time period for
studying mean temperature differences on Svalbard for

© 2014 Royal Meteorological Society

all months and seasons, and throughout the whole year.
Of course, longer periods are preferable, but maintaining
AWS in remote areas with difficult access by sea, such as
the northern and eastern parts of Svalbard, is very difficult
and expensive. When the AWAKE and KINNVIKA
projects were concluded, the AWS had to be removed
from the most distant areas.

Before beginning an analysis of temperature distribu-
tion on Svalbard in the study period, a description of
the conditions of atmospheric circulation, sea surface
temperature (SST) and sea ice can be useful. The fea-
tures of atmospheric circulation on Svalbard in the period
of July 2010 to August 2011 were studied by Przyby-
lak and Maszewski (2012a), as well as the influence of
atmospheric circulation on air temperature in the For-
landsundet region (Przybylak and Maszewski, 2012b).
Generally, when the entire period of observation is taken
into account there were no significant differences between
the study period and the long-term period of 1950-2006.
Anomalies in the relative frequency of occurrence of nine
distinguished synoptic types generally do not exceed 4%
(see Figure 2.3 in Przybylak and Maszewski, 2012a).
However, a clearly greater frequency than normal reveals
cyclonic situations, while anticyclonic situations were
more rare. Particularly extreme atmospheric circulation
occurred in March, April and October when positive
anomalies of cyclonic situations varied from 28.9% in

Int. J. Climatol. 34: 3702-3719 (2014)
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October to 34.6% in April. On the other hand, the fre-
quency of anticyclonic situations was largely below nor-
mal (from —25.9% in October to —38.9% in April). For
example, April which was the most anomalous month,
was characterized by significantly less advection of air
masses from northern and eastern sectors for anticy-
clonic situations (by about 15-16%), and for cyclonic
situations there was also a significant excess of airflow
from southern and eastern sectors (by about 17 and 11%,
respectively) (for more details see Table 2.4 in Przybylak
and Maszewski 2012a).

Warm Atlantic waters coming with the West Spitsber-
gen Current are particularly important, due to the latter’s
great influence on the Svalbard climate. In recent years,
the temperature and salinity of the Atlantic waters have
significantly risen (Walczowski and Piechura 2011).
The system of oceanic currents and the heat exchange
between the ocean and the atmosphere influence the
range and concentration of sea ice. The extent of Arctic
sea ice during the modern satellite record period (1979
to present) shows a downward trend in all months, with
the smallest in winter and the largest at the end of the
summer melt season in September (Stroeve et al., 2012).
In the analysed period, the area of sea ice cover in the
Arctic remained below the long-term average value. In
2010 in the area of Spitsbergen at the time of the most
intense propagation of sea ice (April), the west coast
was free of ice, while in the east it reached Sgrkapp (the
southern tip of Spitsbergen). In July that year, most of
the ice melted and in October the sea ice moved away
from the archipelago to the north. However, in January
2011 the sea ice reoccurred, covering the sea east of
Spitsbergen and spreading to the northeast coast in April.
In July the sea ice remained along the east coast and,
floating with the oceanic currents, went around Sgrkapp,
blocked the entrance of the Isfjorden and reached
Kaffigyra. In spite of this, in September 2011 the extent
of the sea ice in the Arctic had shrunk to a record low
of 4.24 millionkm?, or 0.6% less than in the previous
record-breaking summer of 2007 (http://www.iup.uni-
bremen.de:8084/amsr/minimum201 1-en.pdf). Increased
SST and the reduction of extent of sea ice also affected
the air temperature and precipitation on Spitsbergen in
the analysed period.

3.1.

Although it is not the main purpose of this article, we
want to first describe the results of temperature at real
altitudes, based on data from 30 sites (Table 2) as well
as from the NORA10 hindcast archive (see Chapter 2
in Reistad et al., 2011) calculated for the same periods
(Figure 2).

In order to establish a reference for the short study
period in a longer time perspective, temperature was com-
pared with mean normal values from 1971 to 2000, based
on data from the long-term meteorological stations. The
majority of months in the study period were warmer than
in the last three decades of the 20th century. April was

Surface air temperature
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particularly warm, with mean temperatures exceeding the
normal by more than 5°C. Anomalous atmospheric cir-
culation in that month, described earlier here and in more
details by Przybylak and Maszewski (2012a), is mainly
responsible for this temperature anomaly. Only Novem-
ber and January were colder than normal, but not in all
areas (Table 3). In these 2 months, cold conditions can be
explained by the markedly lower frequency of advection
of air masses from the southern sector (see Table 2.4 in
Przybylak and Maszewski, 2012a).

In all seasons, the clearly coldest conditions occurred
in the northern part of Svalbard and in particular in its
eastern part (Nordaustlandet; Table 2 and Figure 2). Some
areas in eastern-central Spitsbergen are also quite cold,
e.g. Skotehytta and Sveagruva. In general, the warmest
temperatures were noted during winter in the western part
of Spitsbergen, heated as it is by the West Spitsbergen
Current, and by warm and moist air masses coming
with cyclones moving from Iceland to Kara Sea. In
summer, the central part of Spitsbergen is very warm
(if not the warmest), which has a high degree of climate
continentality and is covered relatively less by glaciers in
comparison with other areas (Hisdal, 1985; Hagen et al.,
1993). Svalbard Airport had the highest temperature in
all summer months, out of all stations, reaching the mean
temperature for summer 6.2 °C (Table 2). On the other
hand, in winter the lowest mean temperature falls below
—20°C in the inner, glaciated part of Nordaustlandet
(Vestfonna and Austfonna) and also in mountain areas
located in northern Spitsbergen (Figure 2). Spring was
clearly colder than autumn by 1-3°C. This can be
explained by the fact that usually in spring, the frequency
of anticyclones is greater than in autumn (see the statistics
for circulation pattern 5, Figure 3 in Kédsmacher and
Schneider, 2011; Laska et al., 2012), cloudiness is lower,
and coverage by snow and sea ice is greater (Przybylak,
1992). In the study period, this was also the case
(for details see Przybylak and Maszewski, 2012b and
Kejna, 2012). Mean annual temperature varied from
about —4 °C on western coastal parts of Spitsbergen to
less than —12°C in mountain and glaciated areas of
northern Svalbard. Generally, the greatest decreasing rate
of temperature in Svalbard throughout the whole year is
observed in a southwest (SW)—northeast (NE) direction.

3.2. Temperature at sea level

The majority of the meteorological observations carried
out in the Svalbard archipelago in historical times were
limited to the coastal parts, thus the altitude of tempera-
ture measurements was near sea level. In the eastern and
northern parts of Svalbard there are no regular meteoro-
logical stations, but for historical times (the 19th century
and the beginning of 20th century) quite a lot of short
measurement series exist. Thus to reliably calculate tem-
perature change between historical and present times for
these areas, temperatures for the contemporary period
are needed. For this purpose, data taken from perma-
nent stations currently working only in the western part

Int. J. Climatol. 34: 3702-3719 (2014)
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Figure 2. Mean surface seasonal and annual air temperature (°C) in Svalbard using the NORA10 model fields September 2010 to August 2011.

of Svalbard can be used. But we need also information
about the spatial diversity of temperatures on Svalbard
and that is why the main aim of this article is to sup-
ply such knowledge. To obtain more reliable data, the
influence of different altitudes of measurement sites on
temperature has to be eliminated. Therefore, all gathered

© 2014 Royal Meteorological Society

air temperature data were reduced to sea level using a
lapse rate of 0.6 °C per 100 m. On the basis of such sets of
data constructed for 14 stations (Table 1), isotherms can
be drawn with the required resolution for both seasons
(Figure 3) and months (Figures Al and A2 of Appendix).
Having such maps, the mean long-term temperature can

Int. J. Climatol. 34: 3702-3719 (2014)
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Table 3. Monthly mean anomalies of air temperature (°C) in Svalbard (period September 2010 to August 2011 in relation to
reference period 1971-2000; Arazny, 2008).

Site Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
NYA 1.2 22 -3.1 1.2 —-0.4 3.6 0.1 5.1 1.5 2.1 1.4 1.7
SVA 1.3 2.4 -2.0 1.0 —0.5 2.7 0.9 55 2.1 25 0.7 1.9
HOR 1.2 1.6 —1.3 1.4 —-0.6 2.3 0.6 5.5 1.6 1.5 —-04 0.3
HOP 1.0 29 0.8 1.4 —1.5 1.5 1.1 6.2 1.4 0.1 0.1 0.3
BJO 1.0 1.5 -0.2 2.2 0.4 2.7 1.3 5.6 1.4 -0.2 0.0 1.0

be calculated for each point of Svalbard, and compared
with data for the same point in historical time. As a result,
the influence of different geographical locations (in his-
torical and present times) of temperature measurement
sites can be eliminated. If the reader requires greater res-
olution of isotherms, we have also included source data
for monthly means (Table 2) for all 30 stations, which
can be used for this purpose.

Spatial distribution of mean seasonal and annual tem-
perature reduced to sea level differ from that based on
surface temperatures, but a general decrease of temper-
ature from SW to NE is seen in both cases, except in
summer and autumn. In summer, the temperature at sea
level is highest in the central part of Spitsbergen (about
6°C) and decreases to the north, east and south. How-
ever, the lowest values (about 2°C) are noted in the
outer eastern part of Svalbard (Figure 3). In autumn,
latitudinal distribution of temperature across the whole
of Svalbard is observed. The highest temperature (about
0.5°C) occurred in the southern part of Svalbard, while
the lowest (—1.5 to —2.5°C) in the northern part, and
in particular in its eastern part. The temperature range
in Svalbard was highest in winter (November to March),
varying from about —10 °C in the SW part of Spitsbergen
to —17°C in the northern part of Nordaustlandet island.
On Spitsbergen the isotherms run longitudinal in this sea-
son (the effect of strong cyclonic activity in this time of
the year), while to the east of Spitsbergen they run latitu-
dinal, which is also the effect of cyclonic activity having
a stronger influence on southern than northern parts of
the area, as well as of differences in sea ice coverage
(more open water in the south). In spring, the pattern of
temperature changes is similar as in winter, but decreas-
ing rate from SW to NE is smaller. In the study period
the temperature varied from —3 to —7°C, which was
appreciably colder than in autumn.

All maps presented spatial distribution of temperature
on Svalbard (Figure 3 and Figures Al and A2) after elim-
ination of the strong influence of altitude on temperature,
can also be used to study the influence of other factors
(e.g. latitude, sea currents and kinds of surface coverage)
on temperature, but this analysis is outside the scope of
the present work.

From this high quality set of daily temperature data for
Svalbard for the period 1 September 2010 to 31 August
2011, for 14 sites, various other thermal characteristics
[DDTV, DTR, ATR and certain indices of climate
continentality (K) and oceanicity (Oc)] have also been
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calculated, and their spatial distributions are shown in
Figures 4—6. In the case of DDTYV, the patterns of spatial
distribution in the four seasons are different. In winter,
the temperature is most stable in the western part of
Svalbard (DDTV slightly higher than 5 °C) and highest in
its eastern-central part near the Sveagruva station (DDTV
about 7 °C). Isolines mainly have a longitudinal run and
the values of DDTYV in this season are markedly higher
than in other seasons (Figure 4). The most stable mean
daily temperature is clearly in summer. Values of DDTV
varied from 1°C (in southern part) to about 2°C in
the central part of Spitsbergen. The northern part of
the study region saw only a slightly smaller temperature
variability in comparison to the central part. Surprisingly
high DDTV occurred in spring, which is usually the
season of highest frequency of occurrence of anticyclones
in Svalbard and the Arctic as a whole (Przybylak, 2003;
Kédsmacher and Schneider, 2011). However, as mentioned
earlier, this was not the case in spring 2011. Cyclones
clearly dominated in this season, in particular in April
(Przybylak and Maszewski, 2012a) and as a result of this
anomaly an increase in DDTV was observed. Its values
varied from about 3 °C in the SW to more than 5°C on
Nordaustlandet Island. Both patterns of spatial changes
of DDTV in Svalbard as well as its values in autumn are
most similar to those noted in summer (Figure 4). The
greatest values of DDTV calculated for the whole year
occurred in the NE part of Svalbard (more than 4.4 °C)
with the maximum near Sveagruva station. On the other
hand, the smallest values occurred in the south-western
and western parts of Svalbard (less than 4 °C).

DTR on Svalbard is the lowest in the Arctic and
according to Przybylak (2000) its annual values in the
period 1951-1990 varied between 5 and 6 °C. Almost
the same range of DTR was noted in the study period
when its annual values varied from 4.5 °C (in the southern
and western parts) to 6°C in the northern and central-
eastern parts of Spitsbergen (Figure 5). The highest
DTR occurred in winter (caused by a vigorous and
changeable cyclonic activity, Przybylak, 2003, p. 86); and
in spring were only slightly smaller (relatively large daily
contrast of solar radiation, for details see e.g. Ohmura,
1984). In both seasons the smallest DTR were observed
in the western part of Svalbard (about 5.5-6.0°C in
winter and 4.5—5.0°C in spring), while the highest were
in the central-eastern part in winter (more than 8°C),
and the north-eastern part in spring (more than 7°C).
In both seasons the greatest spatial gradient of DTR

Int. J. Climatol. 34: 3702-3719 (2014)
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Figure 3. Mean seasonal and annual air temperature (°C) at sea level in Svalbard (September 2010 to August 2011).

was observed from west to east in the central part
of Spitsbergen (Figure 5). On the other hand, spatial
patterns of DTR and their values were very similar in
autumn and summer. In summer the DTR was slightly
higher than in autumn in the southern part of Svalbard
(3.0-3.5 vs 3.0°C), while the opposite relation is seen
for the northern part (3.5 vs 4.0°C). In summer, spatial
differences of DTR are smaller by 0.5 °C than in autumn,
and generally in summer the DTR is stable throughout
the whole of Svalbard, excluding its most outer southern
part (Figure 5).

© 2014 Royal Meteorological Society

One of the most synthetic measures of climate based
on which it is possible to describe roughly the most
important features of climate of a given area is the
ATR, which is usually calculated as the temperature
difference between warmest and coldest months. On
Svalbard, as shown from Figure 6 (upper left map),
the greatest values of ATR (above 23°C) occurred in
its north-eastern part, while the lowest in the southern,
western and — in particular — the south-western parts of
Svalbard (below 17 °C). In the southern part of Svalbard
the isolines run latitudinal (increase of ATR to the north),

Int. J. Climatol. 34: 3702-3719 (2014)
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Figure 4. Seasonal and annual standard deviation of mean daily temperature (SD,”C) in Svalbard, September 2010 to August 2011.

while in the northern part they run longitudinal (increase
of ATR to the east). ATR allows for rough estimation
of the continentality of climate, but to be more precise
in describing the continentality, latitude should also be
taken into account. Indices of thermic continentality of
climate and/or thermic oceanicity, which both take into
account the influence of latitude on continentality, have
been calculated to exactly investigate spatial differences
of this climate feature in Svalbard (Figure 6). Analysis
of maps presented in Figure 6, however, lead to the
conclusion that in Svalbard’s case the influence of

© 2014 Royal Meteorological Society

geographical latitude on thermic continentality/oceanicity
is very small. Evidence of this can be seen in the fact
that patterns of spatial changes of climate continentality,
expressed using three different measures (ATR, K and
Oc), are very similar. Ewert (1997) calculated the thermic
continentality of climate for the whole Arctic, including
Svalbard, based on long-term data. For Svalbard, the
continentality index varied from 30% (in the southern
and western parts) to 40% (in the north-eastern part)
with a resolution of 10%. In Figure 6 (upper right
map), the thermic continentality of climate, according to

Int. J. Climatol. 34: 3702-3719 (2014)
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Figure 5. Mean seasonal and annual diurnal temperature range (DTR, °C) in Svalbard, September 2010 to August 2011.

Ewert’s formula, is estimated with 1% resolution. This
allows more detailed analysis of the spatial changes of
thermic continentality of climate in Svalbard. Although
the values of the index are almost the same in Ewert’s
map (from 30 to 40%) and in our map (30 to 43%), the
run of isolines differ significantly. Lower continentality
of climate (30%) is clearly seen in the south-western
part of Svalbard (in Ewert’s map, the western coast also
has the same degree of continentality), while the highest
values (above 43%) stretch out from the western part of

© 2014 Royal Meteorological Society

Nordaustlandet to the area of Sveagruva in the central-
east part of Spitsbergen (in Ewert’s map, limited only to
NW Nordaustlandet).

3.3. Hindcast versus instrumental data

The hindcast archive (NORA10) offers a tool for study-
ing the Svalbard climate at 10—11km resolution. The
question is how far the results turn out to be in agree-
ment with the measurements. Using the present, dense
network, this was checked against seasonal and annual

Int. J. Climatol. 34: 3702-3719 (2014)
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Figure 6. Annual range of air temperature (ATR, °C), thermal climate continentality index (K) according Ewert’s (1972) formula and thermal
oceanicity index (Oc), according to Marsz’s (1995) formula, in Svalbard, September 2010 to August 2011.

mean temperatures based on observations. However, the
NORAI10 dataset consists of grid points that will usually
not be located exactly at the sites of the meteorologi-
cal stations, although the distance between a station and
the nearest grid point has to be less than about 7km.
For topography like that of Svalbard’s, there might, on
some occasions, be appreciable differences in altitude.
Therefore we have applied adjustments for height differ-
ences (by —0.6°C per 100 m). The differences between
the NORA10 data and instrumental data taken from the
period 1 September 2010 to 31 August 2011 are shown in
Figure 7. As can be seen, temperature differences differ
between seasons, and within seasons there are also spa-
tial variations. Modelled temperatures in the larger part
of Svalbard are too cold in all seasons in the central part
of Svalbard. Positive differences are mainly observed in
northern, western and (to a lesser degree) in southern
outer parts of Svalbard. In winter, differences between
NORAI10 and instrumental data reached their maximum

© 2014 Royal Meteorological Society

value, varying —3 °C in the region near Pyramiden to
5°C in the Bellsund area. Outside these two regions, the
differences are usually less than 2 °C. According to Przy-
bylak (2002), SD of winter temperature is here about
3°C. This means that differences are smaller everywhere
than 2 SD. In summer and spring, temperature differ-
ences seldom exceed 2 °C, varying mainly between —1
and 1 °C (Figure 7). However, because the summer tem-
perature is four times more stable than the spring’s (SD
equal to about 0.5 and 2 °C, respectively), the NORA10
data are relatively more biassed for summer than for the
other seasons, in particular for the area stretching from
Pyramiden to Sveagruva and Longyearbyen (error greater
than 4 SD). On the other hand, in the spring the temper-
ature differences, except in the northern part, are less
than 1 SD. Thus, in this season the fit to the observa-
tions are the best out of all seasons. Errors for annual
values in the majority of the Svalbard area do not exceed
2 SD. Again, similar to all seasonal patterns, the central

Int. J. Climatol. 34: 3702-3719 (2014)
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Figure 7. Mean seasonal and annual temperature differences (°C) between the hindcast data from the NORA10 and measured instrumental data
on Svalbard, September 2010 to August 2011.

part of Spitsbergen shows the greatest differences, both
positive and negative (3 and —3 °C, respectively). The
model also differs appreciably over short distances, mak-
ing bias corrections of model results difficult. Partly, this
may be explained by local variations smaller than the
model resolution of 10 km.

4. Final remarks and conclusions

From the Second World War to the 4th International
Polar Year (2007-2009) there were no meteorological

© 2014 Royal Meteorological Society

stations in the eastern and northern parts of Svalbard
robust enough to stand against the Arctic environment,
including the interest of polar bears. All regular meteo-
rological stations as well as sites of meteorological mea-
surements established by different national expeditions
were located on the western coast. Surprisingly, quite a
lot of meteorological measurements in the eastern and
northern parts of Svalbard have been conducted histor-
ically, in particular around the end of the 19th century,
i.e. at a time when regular meteorological observations
in Svalbard had still not begun. The recent, intensified

Int. J. Climatol. 34: 3702-3719 (2014)
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measurement campaigns in the remote and uninhabited
parts of Svalbard covering the period 1 September 2010
to 31 August 2011 (via the AWAKE and KINNVIKA
projects), has significantly improved our knowledge of
the spatial distribution of different meteorological ele-
ments, particularly including air temperature, which is
a subject of analysis in this article. However, full cli-
mate analysis for this area needs a denser network of
stations and longer periods of observations, which is
impossible to do within scientific projects the duration
of which is generally not longer than 3 years. The need
for a regular meteorological station in this area is high.
Hopefully, the improved robustness of the stations on
Edgegya, Kongsgya and Kvitgya will fulfil this need, as
the data coverage so far (spring 2013) is promising, (cf
http://eklima.met.no for a free download).

Summing up, it must be underlined that for the
first time in the history of meteorological observations
in Svalbard, parallel meteorological measurements for
the whole area have only been made in the period 1
September 2010 to 31 August 2011. Use of these data
can be manifold. For example, they could be used to
study climate changes in eastern and northern parts of
Svalbard between historical and present times. In this
article we have used them to study the spatial distribution
of different thermal characteristics in Svalbard and to
check the quality of the hindcast NORA1O data set.
Two of the stations, Akselgya and Sgrkappgya, are
AWS re-established on historical sites so that statistical
relationships between data from these sites and Svalbard
Airport could be developed. The relationships have
already been used to prolong the Svalbard Airport
temperature series back to 1898 (Nordli et al., 2014).

The main results of this article can be summarized as
follows:

1. Svalbard in the study period was significantly warmer
than in the period 1971-2000. In particular, April
saw mean warmth higher by more than 5°C. Only
November and January were colder than the normal,
but not in all areas.

2. Throughout the whole year, the northern areas of
Svalbard are the coldest, in particular its eastern part
(Nordaustlandet). On the other hand, clearly warmer
temperatures were noted in the western part of
Spitsbergen, which is heated by the West Spitsbergen
Current and by warm and moist air masses coming
in with cyclones moving from Iceland to the Kara
Sea. In summer, the central part of Spitsbergen
is also very warm — if not the warmest — having
a great degree of climate continentality and being
covered by relatively less glaciation in comparison
with other areas. The greatest spatially decreasing rate
of temperature in Svalbard throughout the whole year
is observed in a SW to NE direction.

3. Patterns of distribution of mean seasonal and annual
temperature reduced to sea level on Svalbard differ
from those based on real temperatures; however, a
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general decrease of temperature from SW to NE is
seen in both cases, except summer and autumn.

4. In all seasons (except summer), the temperature
reduced to sea level is the highest/lowest in the
SW/NE parts of Svalbard. In summer the high-
est/lowest temperatures occur in the central-west and
eastern parts of Svalbard, respectively.

5. The most stable temperature conditions from day-to-
day occur in summer, in particular in the southern part
of Svalbard (SD < 1 °C), while the greatest variability
is observed in winter, particularly in the central-
eastern part (SD > 7°C).

6. Spring, and in particular winter, saw the greatest DTR
(4-7 and 6-9 °C, respectively), while the lowest were
observed in summer (3.0-3.5°C). In all seasons the
highest DTR were mainly noted in the NE part of
Svalbard, and the lowest in its SW part.

7. The lowest continentality of climate (30%) is clearly
seen in the south-western part of Svalbard, while
the highest values (above 43%) stretch out from
the western part of Nordaustlandet to the area of
Sveagruva in the central-east part of Spitsbergen.

8. The NORA10 hindcast temperature data differ appre-
ciably from the measured data for some seasons and
areas. In particular, large errors exceeding 4 SD were
found for summer temperatures limited, however, to
the central part of Spitsbergen. In other seasons errors
usually do not exceed values of 2 SD. The model fit
differs greatly over the Svalbard area, and also with
biases of different signs.
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Table Al. Information on meteorological sites, air temperature sensors and their radiation screens used on Svalbard in the period
1 September 2010 to 31 August 2011.

No  Site* Kind of Name, producer Accuracy of  Type of Ventilation ~ Data gaps
station and type of sensor temperature radiation (forced or
sensor (°C) screen passive)
1 Verlegenhuken C Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive 1 September
DIN to 30
September
2 Vestfonna C Campbell Sci., CS215 + 0.6 Thies Forced =
1.1025.55.100
3 Ny-Alesund P Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive -
DIN
4 Sarstangen C MadgeTech, Temp!110 +0.5 Onset RS1 Passive -
5 Sarsgyra C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
6 Skotehytta C HOBO, Onset +0.5 Onset RS1 Passive 1 May to 31
August
7 Kaffigyra- C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
Heggodden
8 Terasa C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
9 Kuven C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
10 Grafjellet C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
11 Waldemar C MadgeTech, Temp!110 +0.5 Onset RS1 Passive -
Glacier-Front
12 Waldemar C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
Glacier-Firn field
13 Prins C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
Heinrichfjella-1
14 Prins Karls C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
Forland-East
15 ATA-Hus C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
16 St. Jonstjord-Muton C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
17 Prins Karls C MadgeTech, Temp110 +0.5 Onset RS1 Passive -
Forland-West
18 Svalbard Lufthavn P Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive -
DIN
19 Edgegya-Kapp C Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive 1 August to30
Heuglin DIN September
20 Barentsburg P Mercury thermometer +0.2 Instrument shelter Passive -
21 Sveagruva p Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive -
DIN
22 Akselgya C Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive —
DIN
23 Hansbreen-Firn field C Vaisala HMP45AC +0.2 Campbell URS1 Gill Passive 1 to 30
November
24 Hansbreen-Middle C Vaisala, HMP45AC +0.2 Campbell URS1 Gill Passive -
25 Angelfjellet C HOBO U23, Onset +0.2 Onset RS3 Passive -
26 Fugleberget C HOBO U23, Onset +0.2 Onset RS3 Passive 1 January to
4 March
27 Hornsund P Vaisala , HMP45D +0.2 Vaisala, DTR13 Passive —
28 Hopen P Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive -
DIN
29 Sgrkappgya C Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive 1 September
DIN to 30
November
30 Bjgrngya P Pt-100, TC Itd., 1/10 +0.1 MI-2001 Passive -

DIN

C, campaign; P, permanent.
*Resolution data at all stations 1 hour, the check data quality.

© 2014 Royal Meteorological Society

Int. J. Climatol. 34: 3702-3719 (2014)



SPATIAL DISTRIBUTION OF AIR TEMPERATURE ON SVALBARD

3717

Sep ""'"_ ‘ fw””m f L

)

Kvitoya

Stiwgya

Sjuoyen

i) | i 5, B
s E3
L :::5_
X9 2z d

Sertegenhuden

allomm
Wsn ande
F" fan Ausn'unn
S

Kvitoya

il tfonna

Y fordand " |

Prins. -
Karls ®4

s O\ \awiontoppin. 1L or e % “"'x.....,“
i A% "“‘ =
Py %,
- okuien
el mgm,'n
& T
&:&?‘“'}M"";—,? o '0\
L Sevrnein
U ‘Iaid:
3 Barentshavet Hopen
i .
Sarkapp
S Kitaya S Kvitoya

\> \-\X%&\f;ff;o ){4

)rﬁ@

05 w.m

Jan

'c\oa\a

austl andet

Ausrfvnnu

m..

-5‘

bz

Keitoya

‘wm

=

iy Vestionma
£ rdauslhmdol
3/ Ny,
| Fyfblany
£

) % fa“
o~ N
,"‘f_bp | Wahl

Kvitoya

asaa ) Suwoya

Ibergoya Jovita

Wilhebmoya

Rarentsha et/ Hopen
.
0 50 100 km

Figure Al. Mean monthly air temperature (°C) at sea level in Svalbard (September 2010 to February 2011).
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Figure A2. Mean monthly air temperature (°C) at sea level in Svalbard (March 2011 to August 2011).
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