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Arctic warming

· Temperaturserier for Arktis fra SWIPA
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GLOBAL Land-Ocean Temperature, Base period 1971-2000; GISTEMP, NASA; Hansen et al. 2010 
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Arctic amplification
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Increasing concentrations of greenhouse gases in the

atmosphere are the primary underlying cause: the

heat trapped by greenhouse gases triggers a cascade

of feedbacks that collectively amplify Arctic warming

Overland et al. 2017, SWIPA AMAP 2017 

• Changes in surface reflectivity due to the melting of

snow and ice

• The Arctic’s inefficiency at radiating heat

• Warming in the Arctic is concentrated close to the

Earth’s surface

• Water vapor also provides a warming feedback
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More open water in the Arctic

· More open water beyond the expected autumn

period

· Slow the formation of ice in autumn causing an

increase in open water fraction even in winter

· Plays a significant but as yet poorly defined role in

the observed increase in exchange of heat and

moisture

· More broken sea-ice cover (with leads and

polynyas) further affects the exchange of heat
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Barber et al. 2017, SWIPA AMAP 2017 
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Trends in sea-ice concentration
1978/79 – 2016/17
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September                             December

Sea Ice Index, Version 3. NSIDC; Fetterer et al. 2017 
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Spatial pattern of Arctic warming 
Air temperature anomalies during 2001-2016 (with respect to the 1971-2000 mean)
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NOAA/ESRL Physical Sciences Division
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Svalbard Airport

Nordli et al. 2014; MET Norway 
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The recent warming on Svalbard

· Examine the 2001-15 land-based surface air 

temperature anomalies on western Spitsbergen

· Quantitatively relating the recent warming to 

regional atmospheric circulation and sea ice 

concentration variations near Svalbard

· Information on sea ice concentration in the 

fjords has also been applied to study the 

influence of ice covered waters on local land-

based air temperature 
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Daily air temperature from 6 stations
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Data and methods

Hornsund

Isfjord Radio

Barentsburg

Svalbard Airport

Ny-Ålesund

Average monthly air temperature during the period 

1971–2000

2001-2015 vs 1971-2000

Gjelten et al. 2016 
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Daily atmospheric circulation classification

16 types with distinct air advection

Data and methods

Based on German synoptic maps and Archives at Deutsche Wetterdienst; Niedźwiedź 2013

NOAA/ESRL Physical Sciences Division
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Daily to weekly high resolution sea 

ice concentration data 
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14 March 2013 14 March 2013

Data and methods

Sea area around Svalbard with 5 

geographical areas  

OSISAF; Tonboe et al., 2016                                                          Norwegian Ice Service; Hughes and Wagner, 2015 

The fjords on western Spitsbergen 

with points used in local analysis

Regional Local
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Recent temperature anomalies

For all seasons there has been a 

substantial warming in western 

Spitsbergen.

Greatest temperature increase 

was observed in winter (DJF) with 

3.4 – 4.6 °C. 

Results

Average monthly air temperature anomalies during the recent 

period 2001–2015, with respect to the 1971–2000 mean.
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Frequency of atmospheric circulation 

types
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Average seasonal frequency (days/year) of circulation types during the 

normal period 1971-2000. 

For most circulation types 

seasonal anomalies are in general 

less than ±2 days/year

Results
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Temperature during different 

circulation types
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Average daily air temperatures during the normal period 1971-2000 for the 

various atmospheric circulation types over winter

For all seasons the air 

temperature is to a large extent 

governed by the direction of air 

advection.

Results
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Temperature anomalies in relation to 

circulation types
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Average air temperature anomalies during the recent period 2001–2015 (with 

respect to the 1971–2000 mean) for the various circulation types over winter

Significant warming is found for all 

atmospheric circulation patterns in 

all seasons

Results



Norwegian Meteorological Institute

Cumulative temperature anomalies in 

relation to circulation types
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Cumulative air temperature anomalies during the recent period 2001–2015 (with 

respect to the 1971–2000 mean) within the various circulation types over winter

The greatest contribution to the 

recent warming is associated with 

six circulation types - contributing 

~80% and which occur on average 

41% of days in a year

Results
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How much of the recent warming is caused by 

changes in atmospheric circulation?

 Changes in frequencies of circulation have a minor role on 

the total recent surface warming. Contribute ~10% annually 

and ~ 25% in winter

How much of the recent warming is caused by 

changes in air mass characteristics?

A major part of the warming can be attributed to changes in 

air mass characteristics (higher temperatures) and mainly 

linked to a few circulation types
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What is the influence on recent warming of 

changes in feedback-effects caused by reduced 

sea-ice concentration?

High correlation between temperature and sea ice 

concentration for regional ice cover near Spitsbergen

Suggest that a major part of the atmospheric warming on 

Svalbard is driven by heat exchange from increasing open 

water areas north and east of Spitsbergen

A weaker but highly significant relationship was found 

between the temperature at Spitsbergen weather stations and 

local sea ice concentration
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Isfjorden 14.03.2005
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Key Points:

· The recent warming on Svalbard is mainly linked to changes

in air mass characteristics and not to changes in atmospheric

circulation

· Changes in air mass characteristics are associated with sea

ice decline north and east of Spitsbergen, especially in winter

· Six atmospheric circulation types (out of 21) contribute

approximately 80% of the recent warming

· Local effects of reduced wintertime ice cover on the fjords

· The general warming seen for all circulation types on

Spitsbergen suggests additional contributions from large-

scale mechanisms, such as the general background warming

and higher sea surface temperatures
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Paper in JGR
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Average local sea ice cover outside 

the meteorological stations
Winter (DJFMA)
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Conclusions

· For all seasons there has been a substantial warming in western Spitsbergen. 

· Greatest SAT increase was observed in winter (DJF) with 3.4 – 4.6 °C. 

· Significant warming is found for all AC patterns in all seasons. 

· A major part of the warming can be attributed to changes in air mass 

characteristics and mainly linked to a few AC types. 

· The greatest contribution to the recent warming is associated with situations of 

both cyclonic and anticyclonic air advection from north and east and situations 

with an anticyclonic ridge. 

· In total, six AC types, which occur on average 41% of days in a year, contribute 

80% of the recent warming.

· Changes in frequencies of atmospheric circulation have a minor role on the total 

recent surface warming and contribute approximately 10% annually and 25% in 

winter.
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Conclusions – cont
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• High correlation (R2 ≈ 0.5) between SAT and SIC for regional 

ice cover near Spitsbergen, suggest that a major part of the 

atmospheric warming on Spitsbergen is driven by heat 

exchange from increasing open water areas in the Barents 

Sea east and north of Spitsbergen

• A weaker (R2 < 0.25) but highly significant relationship was 

found between the SAT at Spitsbergen weather stations and 

local SIC.

• In winter the influence of SIC on SAT may be strong with non-

advectional anticyclone weather types. The warming from the 

open water may jeopardize the local inversion in the fjord 

basin.


