ISSN 1068-3739, Russian Meteorology and Hydrology, 2020, Vol. 45, No. 1, pp. 22-28. © Allerton Press, Inc., 2020.
Russian Text © The Author(s), 2020, published in Meteorologiya i Gidrologiya, 2020, No. 1, pp. 36—44.

Comparison of Atmospheric Circulation
in the Area of Spitsbergen in 1920-1950

and in the Modern Warming Period

P. N. Svyashchennikov***, U. V. Prokhorova“, and B. V. Ivanov®*’
“Arctic and Antarctic Research Institute, ul. Beringa 38, St. Petersburg, 199397 Russia
bSaint Petersburg State University, Universitetskaya nab. 7-9, St. Petersburg, 199034 Russia
*e-mail: svyashchennikov@mail.ru

Received May 6, 2019
Revised July 25,2019
Accepted July 26, 2019

Abstract—The results of studying the temporal variability of atmospheric circulation in the Western
Arctic (the Norwegian and Barents seas) are presented. The daily dataset of Girs—Vangengeim E, W,
and C circulation forms for the period of 1891-2016 is used to describe atmospheric circulation. Special
attention is given to the estimation of differences in weather conditions during the modern period of
warming (1985-2015) and in the period of the first Arctic warming (1920-1950). For the cold (Novem-
ber—March) and warm (April-October) seasons, the trends in the frequency of occurrence of the
circulation forms are determined. The occurrence of the number of consecutive days with the same
atmospheric circulation form which can be considered as a characteristic of weather stability during the
analyzed period of warming, is computed for both seasons. The prevalence of the E circulation form
during the warm season is typical of both periods. The modern period of warming in the study area, as
compared to the period of the first warming, is characterized by an increase in the occurrence of the E
circulation form with a short duration. It is found that the current climate regime is characterized by an
increase in surface air temperature against a background of less stable weather conditions.
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INTRODUCTION

The climate change is most clearly manifested in polar regions. The great number of scientific publi-
cations not only investigate possible reasons for these climate changes but also search possible ways for the
adaptation to observed and predicted changes [1, 2, 9, 18, 23].

The present study considers temporal variations in the characteristics of atmospheric circulation in the
area of Spitsbergen located in the zone of the most intensive heat and moisture exchange between the Arctic
and the middle and tropical latitudes. The atmospheric circulation makes essential contribution to the for-
mation of long-term variability [3, 23]. The modern warming in the area of the archipelago is most clearly
manifested: an increase in surface air temperature [14, 20] and glacier melting [19, 21] has been registered
here in the recent decades. The cases when stable fast ice is not formed in the archipelago fjords in winter
became more frequent [12, 22, 24, 27].

One of the climate research directions in the Arctic regions is the analysis of observational data from the
weather station network. Such analysis is most often associated with the investigation of spatiotemporal
variations in monthly mean values of surface air temperature or monthly total precipitation [13, 20, 26]. An
essential reason for such preference is the relative availability of these kinds of observations. The analysis
of variations in other meteorological parameters, in particular, in wind speed is rare. There are several
papers dealing with the study of wind speed variations in the area of Spitsbergen based on the analysis of
observational data from weather stations as well as reanalysis data [25].

The time series of surface air temperature detect two periods of the warming: the first one, in the
1920s—1950s, and the second one, from 1975 till now.
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Fig. 1. The temporal variability of average surface air temperature for (/) the warm (April-September) and (2) cold
(October—March) seasons and the 11-year moving averages (the heavy lines) for Longyearbyen (Spitsbergen).

The interannual variations in surface air temperature in Longyearbyen (Spitsbergen) presented in Fig. 1.
may be an example of manifestation of both periods of the warming in the study area.

These two periods characterized by the surface air temperature rise as compared to the previous years
can be considered as climatic regimes with comparable mean values but with different weather conditions
(stable or unstable). The present study provides the comparative assessment of weather conditions both
during the warming in the 1920s—1950s and during the current warming. The assessment is based on a simple
characteristic of atmospheric circulation implemented in the Girs—Vangengeim classification of atmospheric
circulation forms. The change in the frequency of occurrence of severe weather events like strong wind
may be an additional estimate of differences in weather conditions during the analyzed periods of the
warming.

OBSERVATIONAL DATA AND INFORMATION FOR THE ANALYSIS

The atmospheric circulation was analyzed using the daily dataset of Girs—Vangengeim atmospheric cir-
culation forms developed in the Arctic and Antarctic Research Institute (AARI) and covering the period
from 1891 till now. According to the classification, the atmospheric circulation for the Atlantic part of the
Arctic comes to three types: western (W), eastern (E), and meridional (C) [6, 8].

The circulation type is determined using the direction of the main air mass transport. The western cir-
culation pattern is characterized by the intensification of westerlies, when the zonal movement of cyclones
from the Atlantic Ocean to the east is registered. The eastern circulation is formed either when the wester-
lies are broken by the invasion of anticyclones developing in continental air from the east or northeast or
when strong stationary anticyclones develop over the continent. The meridional circulation is characterized
by the disturbance of westerlies as a result of the invasion of continental Arctic air to the north of Scandina-
via and by the formation of the meridional high-pressure zone through Scandinavia to the central part of
Europe [7, 10].

Earlier the epochs were distinguished using data on the frequency of W, E, and C forms during a year,
on the annual background of the distribution of air pressure and air temperature anomalies in the Northern
Hemisphere [8, 17]. Many studies (including the above ones) which deal with the problems of climate
change and atmospheric circulation and are based on the Girs—Vangengeim classification, utilized data on
the number of days with one or another circulation pattern for every month and did not examine the
intramonthly variability. Some studies provided the comparison of variations in surface air temperature
with interannual variability of atmospheric circulation forms. A connection was revealed between the sur-
face air temperature rise and the prevalence of W and E forms and between the air temperature decrease and
the dominance of C and E forms [5]. It was also revealed that the NOA index variations and the W form are
interrelated with total precipitation. It is noted that an increase in the NAO index and in the frequency of the
W form favors an increase in total precipitation in the south of Western Siberia [4]. Based on the exceed-
ing of normals of the frequency of one type for the period of 1973-2006, the following epochs were distin-
guished: the epoch of the E form (1973-1984), the transition period with the prevalence of the E form and
with the W type frequency growth (1985-1990); W + C (1991-2006) [4].
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Table 1. The average frequency of circulation forms for the cold and warm seasons during the first and current

warming

Form

1920-1950

1985-2015

Cold season

Warm season

Cold season

Warm season

C 50(+15) 44(17) 38(+12) 48(+14)
w 67(17) 59(+19) 65(+13) 63(+21)
E 65(+18) 80(£25) 80(+14) 71(+18)

Note: The confidence intervals obtained using the #-test are given in brackets.

The studies of possible changes in the frequency of strong winds in the area of Spitsbergen are
complicated by the absence of routine meteorological observations of wind speed covering both analyzed
periods. For this reason, the 3-hour meteorological observations of 10-m wind speed from Vardo (Norway),
Bear Island (Barents Sea), the Tikhaya Bay (Hooker Island), and the Ernst Krenkel Observatory (Heiss
Island) stations were used for the analysis (the last two stations are located on Franz Josef Land). As
meteorological observations were conducted at the Tikhaya Bay station in 1929 to 1960, the observations at
this station in 1930—1950 were used for the analysis, and the period of 1985-2015 was estimated using the
nearby Ernst Krenkel Observatory station. Thus, the single time series was composed of observational data
of the above two stations. Meteorological observations directly on Spitsbergen could not be used. Observa-
tional data from Vardo and Bear Island stations were obtained at the Norwegian Meteorological Institute
website (www.met.no), data for the Ernst Krenkel Observatory station were taken in the All-Russian
Research Institute of Hydrometeorological Information—World Data Center (Obninsk, www.meteo.ru), and
data for the Tikhaya Bay station were obtained in the Arctic and Antarctic Research Institute
(www.meteo.ru). The analysis of data on wind speed covers a significant time period, when the instruments
for its measurement were changed at weather stations. The comparison of wind speed measured with anemo-
rumbometers and weathervanes showed the overestimation of wind speed by weathervanes [11]; to reduce
this speed to the speed measured with an anemorumbometer, the correcting coefficient (0.88) was applied.

RESULTS AND DISCUSSION

The analysis of atmospheric circulation features during the period of the first and current warming was
carried out for a conditional winter (November—March) and summer (April-October); such division is
caused by the essential difference in the intensity of interlatitude exchange during the cold and warm sea-
sons [3]. In case of the western circulation form (W), the cyclones move from west to east in the middle and
high latitudes, and the interlatitude exchange is weakened. In the high latitudes, the temperature regime is
considerably affected by the radiative cooling which favors the formation of the negative anomaly of air
temperature and surface air pressure in the study area.

The position of upper-level ridges and troughs in the pressure field in case of the meridional circulation
form (C) facilitates cold advection in the eastern part of upper-level ridges and warm advection in the western
part; the negative air temperature anomaly is formed in the area of Spitsbergen due to cold advection. The
distribution of upper-level ridges for the eastern circulation form (E) being opposite to the C form leads to
the opposite distribution of warm and cold advection zones, and the positive anomaly of air temperature is
formed in the study region.

The results of the previous studies indicate a trend towards a decrease in the number of days with the
meridional (C) and western (W) circulation types and a significant increase in the number of days with the
eastern (E) type in the cold season (November—April) during the period from 1891 till now. In summer
(March—October), there is a trend towards an increase in the number of days with the C and E types due to a
significant decrease in the frequency of days with the W form [16].

The frequency of occurrence (the number of days with a specific circulation form) was calculated for
each season and for each circulation form for every year of the period of 1920-1950 and for the period of
1985-2015 characterizing the modern warming. The results are presented in Table 1. The temporal
variations for each circulation form during the analyzed periods and the linear trends are shown in Fig. 2.
As follows from Table 1, the highest frequency in 1920-1950 is observed for the E circulation type (80 days
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Fig. 2. The temporal variability of the frequency (days) of circulation forms over the periods of the first (1920-1950) and
modern (1985-2015) warming for (a, b, ¢) the cold and (d, e, f) warm seasons. (a, d) C form; (b, ) W form; (c, f) E form.

per season); the respective values for the W and C forms are 59 and 44 days. The average values of the
frequency insignificantly differ for the periods of the warming; besides, the trends during the period of the
warming have the same sign for each circulation form. Both periods of the warming during the warm
season are characterized by the increase in the frequency of the C form (Fig. 2d) and by the decrease in the
frequency of W and E forms (Figs. 2e and 2f) during 30 years.

During the cold season, there are differences in the frequency of circulation types between the first and
current periods of the warming. The most probable circulation type was W (67 days) for the first period of
the warming and E (80 days) for the period of the current warming. As a result, under the prevalence of the
W type during the first period of the warming, the westerlies intensify and the meridional exchange
weakens, whereas the meridional air exchange intensifies during the period of the current warming. The
trends in the frequency of C and W circulation forms have different directions. The frequency of the C type
increases during the first period of the warming and decreases during the modern period (Fig. 2a); the
opposite pattern is observed for the W form (Fig. 2b).

The calculation of the duration of one or another circulation type during the certain number of consecu-
tive days allows assessing how stable or unstable weather conditions were. Such estimate may be an indirect
characteristic of the duration of the natural synoptic period proposed by B.P. Mul’tanovskii [15]. Figure 3
presents the frequency of duration for each circulation form during several days. Three gradations of duration
were chosen for the analysis: short (1-5 days), medium (5—-10 days), and long (>10 days). As clear from the
presented figure, the frequency of short periods of circulation type existence with the duration of 1-5 days
increased during the period of the current warming. Hence, the number of long periods of existence
decreased for each of three circulation forms. Such changes mostly affected the frequency of the C form.
Hence, in the period of the modern warming climate is characterized by frequently changing synoptic
conditions and, thus, by the less stable weather pattern as compared to the period of the first warming.

The prevalent cyclone trajectories and the spatial field of surface air pressure and air temperature
anomalies correspond to each circulation type. The above results indicating a change in weather conditions
imply a possible variation in the frequency of severe weather events in the analyzed region. To clarify this
issue, the probabilities of occurrence of such hazardous phenomenon as strong wind were estimated using
observational data from some weather stations. The wind speed increase up to 15 m/s and more should be
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Fig. 3. The frequency (%) of circulation forms revealed during the periods of (a, b) 1920-1950 and (c, d) 1985-2015 for (a, ¢)
the cold and (b, d) warm seasons for the following gradations: short (1-5 days), medium (5-10 days), and long (> 10 days).
(1) C form; (2) W form; (3) E form.

Table 2. The frequency (%) of cases with strong wind at different weather stations in the cold and warm seasons
during the 1920-1950 and 1985-2015 periods of the warming

Weather station

1920-1950

1985-2015

Cold season
(November—March)

Warm season
(April-October)

Cold season
(November—March)

Warm season
(April-October)

Tikhaya Bay (since 1930) 10.5(£3.7) 3.4(£1.8) - -

Krenkel Observatory - - 9.0(£3.1) 3.8(£2.3)
Vardo 15.7(+6.9) 3.3(£1.9) 4.8(+2.3) 0.9(20.8)
Bear Island 10.2(£5.3) 7.4(£3.1) 7.3(£3.7) 1.8(£1.7)

Note: The confidence intervals obtained using the Wilcoxon are given in brackets.

considered as the most hazardous for the area of Spitsbergen. The frequencies of weather conditions with
10-m wind speed exceeding 15 m/s were computed for each period of warming. The calculations were per-
formed for cold and warm seasons, the results are presented in Table 2.

As follows from the table, the occurrence of strong wind during the cold season is by several times
higher than in the warm season. According to observations at weather stations located in the southern and
central parts of the study area, the period of the current warming is characterized by the decreasing fre-
quency of cases of strong wind as compared to the first period of warming. In the northern part (the
observations on Franz Josef Land), differences between the periods are insignificant.

CONCLUSIONS

The analysis revealed differences between circulation patterns during the periods of the first and modern
warming. The frequencies of duration of each circulation form insignificantly differ in the warm season
during the periods of the first and current warming. The highest frequency of occurrence was found for the
E circulation type. During the cold season, the highest frequencies for the first and modern periods of the
warming were obtained for the W and E circulation forms, respectively.

The climate regime in the warm and cold seasons of the modern warming is mostly realized as a regime
with the short and, hence, frequently changing periods with a certain circulation type. The frequent change
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of circulation patterns does not favor the formation of significant anomalies of surface air temperature and
air pressure and, hence, the formation of conditions for strong wind.

FUNDING

The studies were performed in the framework of the Roshydromet Task Research and Development
Program “Studying Long-term Changes in Hydrometeorological and Environmental Conditions of the
Spitsbergen Archipelago” (Section 1.5.3.7), the joint scientific program of Roshydromet and Norwegian
Meteorological Institute for 2019-2021 (Section 3) and were supported by the National Science Center of
Poland “Causes of the Early 20th Century Arctic Warming” (grant 2015/19/B/ST10/02933) and by the pro-
ject “Investigation of Rapid Climate Changes in the Arctic and Their Regional and Large-scale Conse-
quences” (application code 2017-14-588-0005-003, project unique ID RFMEFI615617X0078).

REFERENCES

1. G. V. Alekseev, “Development and Amplification of Global Warming in the Arctic,” Fundamental’naya i
Prikladnaya Klimatologiya, No. 1 (2015) [in Russian].

2. G.V. Alekseev, S. I. Kuz’'mina, A. V. Urazgil’deeva, and L. P. Bobylev, “Impact of Atmospheric Heat and Mois-
ture Transport on the Arctic Warming in Winter,” Fundamental’naya i Prikladnaya Klimatologiya, No. 1 (2016)
[in Russian].

3. G. V. Alekseev and P. N. Svyashchennikov, Natural Variability of Climate Characteristics in the Northern Polar
Region and Northern Hemisphere (Gidrometeoizdat, Leningrad, 1991) [in Russian].

4. N. N. Bezuglova and G. S. Zinchenko, “Regional Climatic Manifestations of Global Atmospheric Circulation in
the South of Western Siberia,” Geografiya i Prirodnye Resursy, No. 3 (2009) [in Russian].

5. V. N. Bokov and V. N. Vorob’ev, “Variability of Atmospheric Circulation and Climate Change,” Uchenye
Zapiski RGGMU, No. 13 (2010) [in Russian].

6. G. Ya. Vangengeim, “Fundamentals of Macrocirculation Method for Long-range Weather Forecasting for the
Arctic,” Trudy AANII, No. 34 (1952) [in Russian].

7. A. A. Girs, Macrocirculation Method for Long-range Weather Forecasting (Gidrometeoizdat, Leningrad, 1974)
[in Russian].

8. A. A. Girs, Long-term Transformation of Atmospheric Circulation and Long-range Hydrometeorological Fore-
casting (Gidrometeoizdat, Leningrad, 1971) [in Russian].

9. G. N. Gruza and E. Ya. Ran’kova, Observed and Expected Climate Changes in Russia (VNIIGMI-MTsD,
Obninsk, 2012) [in Russian].

10. V. I. Demin, P. N. Svyashchennikov, and B. V. Ivanov, “Changes in Large-scale Atmospheric Circulation and
Modern Climate Warming on the Kola Peninsula,” Vestnik Kol’skogo Nauchnogo Tsentra RAN, No. 2, 84
(2014) [in Russian].

11. O. A. Drozdov, V. A. Vasil’ev, N. V. Kobysheva, A. N. Raevskii, L. K. Smekalova, and E. P. Shkol’nyi, Clima-
tology (Gidrometeoizdat, Leningrad, 1989) [in Russian].

12. B. V. Ivanov, A. K. Pavlov, O. M. Andreev, D. M. Zhuravskii, and P. N. Svyashchennikov, “Studying the Snow
and Ice Cover of the Gronfjorden Bay (Spitsbergen): Historical Data, Field Studies, and Modeling,” Probemy
Arktiki 1 Antarktiki, No. 2 (2012) [in Russian].

13. N. K. Kononova, “Northern Hemisphere Atmospheric Circulation Features in the Late 20th—Early 21st Centuries
and Their Display in Climate,” Slozhnye Sistemy, No. 2 (2014) [in Russian].

14. V. K. Kurazhov, V. V. Ivanov, and A. Ya. Korzhikov, “Role of Atmospheric Circulation in the Formation of
Long-period Arctic Climate Oscillations,” Trudy AANII, No. 447 (2007) [in Russian].

15. B. P. Mul’tanovskii, Basic Principles of the Synoptic Method for Long-range Weather Forecasting, Part 1
(TsUUGMS, Moscow, 1933) [in Russian].

16. U. V. Prokhorova, P. N. Svyashchennikov, and B. V. Ivanov, “Studying the Temporal Variability of Atmospheric
Circulation Characteristics in the Area of Spitsbergen,” Probemy Arktiki i Antarktiki, No. 4 (2017) [in Russian].

17. N. S. Sidorenkov and I. A. Orlov, “Atmospheric Circulation Epochs and Climate Changes,” Meteorol. Gidrol.,
No. 9 (2008) [Russ. Meteorol. Hydrol., No. 9, 33 (2008)].

18. ACIA. Impacts of Warming Arctic. Arctic Climate Impact Assessment (Cambridge Univ. Press, 2004).

19. J. J. Day, J. L. Bambler, P. J. Valdes, and J. Kohler, “The Impact of a Seasonally Ice Free Arctic Ocean on the
Temperature, Precipitation and Surface Mass Balance of Svalbard,” Cryosphere, 6 (2012).

20. H. M. Gjelten, O. Nordli, K. Isaksen, E. J. Forland, P. N. Sviashchennikov, P. Wyszynsky, U. V. Prokhorova,
R. Przybylak, B. V. Ivanov, and A. V. Urazgildeeva, “Air Temperature Variations and Gradients along the Coast
and Fjords of Western Spitsbergen,” Polar Res., No. 1, 35 (2016).

RUSSIAN METEOROLOGY AND HYDROLOGY Vol. 45 No. 1 2020



28
21

22.

23.

24,

25.

26.

27.

SVYASHCHENNIKOV et al.

J. O. Hagen, J. Kohler, K. Melvold, and J. G. Winther, “Glaciers in Svalbard: Mass Balance, Runoff and Freshwa-
ter Flux,” Polar Res., No. 2, 22 (2003).

F. Nilsen, F. Cottier, R. Skogseth, and S. Mattsson, “Fjord-shelf Exchanges Controlled by Ice and Brine Produc-
tion: The Interannual Variation of Atlantic Water in Isfjorden, Svalbard,” Continent. Shelf Res., No. 14, 28
(2008).

J. E. Overland and M. Wang, “Large-scale Atmospheric Circulation Changes are Associated with the Recent Loss
of Arctic Sea Ice,” Tellus A, No. 1, 62 (2010).

A. K. Pavlov, V. Tverberg, B. V. Ivanov, F. Nilsen, S. Falk-Petersen, and M. A. Granskog, “Warming of Atlantic
Water in Two West Spitsbergen Fjords over the Last Century (1912-2009),” Polar Res., 32 (2013).

N. Pilguj, L. Kolendowicz, M. Kryza, K. Migala, and B. Czernecki, “Temporal Changes in Wind Conditions at
Svalbard for the Years 1986-2015,” Geogr. Ann., A, 101 (2019).

R. Przybylak, A. Arazny, and M. Kejna, Topoclimatic Diversity in Forlandsundet Region (NW Spitsbergen) in
Global Warming Conditions (Oficyna Wydawnicza Turpress, 2012).

D. Zhuravskiy, B. Ivanov, and A. Pavlov, “Ice Conditions at Gronfjorden Bay, Svalbard, from 1974 to 2008,” Po-
lar Geogr., No. 2, 35 (2012).

RUSSIAN METEOROLOGY AND HYDROLOGY Vol. 45 No. 1 2020



