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Aim of the study

· Analyse changes in the seasonal frequency of atmospheric 
circulation types for Spitsbergen

· Study the monthly and seasonal changes in air temperature for 
specific atmospheric circulation types for different stations

· Relation to oceanic circulation and sea ice cover

· Study the enhanced local warming at the stations Svalbard 
Airport and Hornsund and link to the points above

2



Norwegian Meteorological Institute

Data

· Daily air tempertaure composite series 
‐ 1971-2000
‐ 2001-2015

· Stations
‐ Hornsund
‐ Isfjord Radio
‐ Barentsburg
‐ Svalbard Airport
‐ Ny-Ålesund

· Analysed on seasonal and monthly basis
· Circulation types - based on dataset by by Tadeusz Niedźwiedź
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Cirulation types
•Daily classification, representative for Spitsbergen

•Based on DWD Analyse Archive

•1950 – present

•A calendar of 20 mesoscale weather types

•Direction of geostropic wind at sea level

•Cyclonic (c) & anticylonic (a) circulation

•8 directions (N, NE, E, SE, S, SW, W, NW) e.g: Na denote anticyclonic air advection from North 

•4 weather types characterized either by lack of advection or by very variable air flow 
towards Spitsbergen:

•Ca - central anticylonic, centre over or very near Spistbergen
•Ka - anticylonic wedge, ridge
•Cc – centre of cyclone above or very near Spistbergen
•Bc – cyclonic trough

•x - unclassified
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Seasonal frequency of circulation 
types for Spitsbergen 

1971-20001971-2000
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Seasonal frequency of circulation 
types for Spitsbergen 

2001-20152001-2015
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Influence of atmospheric circulation on 
mean air temperature 
Spring, 1971-2000
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Influence of atmospheric circulation on 
mean air temperature 
Spring, 2001-2015
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Influence of atmospheric circulation on 
mean air temperature 
Summer, 1971-2000
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Influence of atmospheric circulation on 
mean air temperature 
Summer, 2001-2015
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Influence of atmospheric circulation on 
mean air temperature 
Autumn, 1971-2000
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Influence of atmospheric circulation on 
mean air temperature 
Autumn, 2001-2015
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Influence of atmospheric circulation on 
mean air temperature 
Winter, 1971-2000
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Influence of atmospheric circulation on 
mean air temperature 
Winter, 2001-2015
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Temperature change between 1971-2000 and 2001-2015
Winter
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Greatest contribution to the recent warming
Change in mean air temperature multiplied by change in frequency
Winter
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Monthly temperature change for situations contributing 
most to the recent temperature anomalies
Hornsund

N-NE cyclonic situationsN-NE cyclonic situations Central anticylonic/anticylonic ridgeCentral anticylonic/anticylonic ridge

17



Norwegian Meteorological Institute

Mean temperature during situations in winter with central 
anticylonic/anticylonic ridge
Hornsund
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Svalbard airport

1 May 2006

A significant recent reduction of fast ice coverage in Isfjorden and 
Hornsund,  with a distinct shift to fewer days of fast ice coverage in 
2006 (Muckenhuber et al. in review)
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100 km

29 August 2006
Envisat MERIS
Credits: ESA

The land temperature on the islands is sensitive to the location of 
the ice-edge (Benestad et al. 2002)

The ice edge north of Svalbard has retreated towards the 
northeast, along the Atlantic Water pathway (Onarheim et al. 2014).
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Summary

· For all circulation patterns in all seasons there has been a substantial 
warming in western Spitsbergen from the period 1971-2000 compared 
to 2001-15.

· During winter the greatest contribution to the recent warming is
associated with situations of cyclonic air advection from Northeast-East 
and during situations with anticylonic ridge

· The greatest temperature change have occurred during the winter 
months Dec-Feb, especially during anticylonic ridge situations, 
suggesting a more local influence which may be related to the 
observed reduction of sea ice and the intrusion of Atlantic Water in 
Isfjorden and Hornsund.

· Still open questions regarding to what extent the atmospheric warming 
is driven by larger open water area due to extra oceanic heat brought 
into the Svalbard region and west-Spitsbergen fjords, causing sea ice 
loss and more heat transferred to the atmosphere.
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Influence of sea ice cover in 
Isfjorden
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Sea ice Svalbard
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Total amount of winter rain on Svalbard 
Longyearbyen and Ny-Ålesund (November-April) 1957-2014

Hansen et al. 2014 & Hansen et al. 2015
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Circulation types (anticyclonic)

anticyclonic situations (1-10, Code Type Description):
· 1     Na - North (direction of air masses advection, geostrophic wind),
· 2    NEa - North-East
· 3     Ea - East
· 4    SEa - South-East
· 5     Sa - South
· 6    SWa - South-West
· 7     Wa - West
· 8    NW  - North-West
· 9    Ca  - central anticyclone situation (high center)
·10    Ka  - anticyclonic wedge or ridge of high pressure
·
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Circulation types (cyclonic)

cyclonic situations (11-20):
·11    Nc  - North
·12   NEc  - North-East
·13    Ec  - East
·14   SEc  - South-East
·15    Sc  - South
·16   SWc  - South-West
·17    Wc  - West
·18   NWc  - North-West
·19    Cc  - central cyclonic, centre of low
·20    Bc  - through of low pressure (different directions of air flow and frontal 
system in the axis of through)
·21     x  - unclassified situations or pressure col.
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Barentsburg, 1971-2000
Winter Mean T Cases Summer Mean T Cases Spring Mean T Cases Autumn Mean T Cases

1 Na -20.2 92Na 3.0 69Na -10.2 69Na -7.6 94
2 Nea -20.1 154Nea 3.4 77Nea -13.2 77Nea -8.7 128
3 Ea -15.9 159Ea 4.9 144Ea -12.0 144Ea -5.1 138
4 Sea -12.2 68Sea 5.8 138Sea -7.5 138Sea -2.1 60
5 Sa -6.0 38Sa 5.8 61Sa -3.5 61Sa 0.2 42
6 Swa -4.2 28Swa 4.5 104Swa -0.5 104Swa 0.2 35
7 Wa -6.6 15Wa 3.3 93Wa -4.2 93Wa -1.5 18
8 Nwa -15.6 18Nwa 2.9 58Nwa -7.6 58Nwa -5.3 25
9 Ca -16.7 15Ca 4.1 58Ca -11.2 58Ca -4.9 21
10 Ka -16.4 174Ka 4.3 391Ka -8.7 391Ka -5.3 227
11 Nc -16.6 146Nc 2.6 122Nc -11.3 122Nc -6.7 205
12 Nec -16.5 351Nec 3.6 111Nec -13.5 111Nec -7.5 303
13 Ec -14.1 402Ec 4.3 145Ec -11.5 145Ec -5.0 344
14 Sec -7.8 228Sec 5.9 134Sec -6.4 134Sec -1.9 210
15 Sc -5.1 127Sc 5.5 124Sc -4.5 124Sc 0.1 137
16 SWc -4.3 139SWc 4.7 167SWc -3.0 167SWc 0.1 128
17 Wc -5.6 65Wc 3.6 155Wc -4.4 155Wc -1.8 44
18 NWc -12.4 56NWc 2.6 119NWc -8.9 119NWc -4.3 70
19 Cc -7.9 128Cc 3.7 99Cc -5.7 99Cc -2.2 136
20 Bc -10.4 140Bc 3.7 197Bc -6.9 197Bc -2.4 168
21 x -13.8 75x 4.0 102x -10.5 102x -3.7 106
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Spring, 2011-2015
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Summer, 2011-2015
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Autumn, 2011-2015
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Winter, 2011-2015
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