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Effects of Arctic warming on mid-latitude weather and climate

● Increasingly high scientific and public interest towards the topic since

around 2010, partly due to occurrence of cold, snow-rich winters in U.S. East 

coast, East Asia, and Europe

● Still far from concensus; many of the papers published are controversial

● Multiple forcings and chaotic dynamics

● Effects of Arctic sea ice decline ≠ effects of Arctic warming



Temperature difference between periods 2000-2015 and 1979-1999

Winter Summer

Arctic Amplification: since 1990s the Arctic has warmed at least twice as fast as the global mean



Cohen et al. (2014)

Factors controlling mid-latitude weather
Over the land area from 20° to 50°N, 

occurrence of cold extremes has 

increased since about 2000, and central

Eurasia has cooled in winter.

Due to Arctic changes or something else?



1. Direct advective effects of Arctic amplification

Six processes of Arctic – midlatitude linkages

- cold-air outbreaks from the Arctic less cold (Serreze et al., 2011; Screen, 2014), except in East 

Asia (Kim et al., 2014)

- due to Arctic amplification, cold days in mid-latitudes have warmed more than warm days, 

decreasing the temperature variability (Screen, 2014)

Winds from

the north

and from

the south

(Screen, 

2014)



Has the warming of the Barents Sea / Svalbard region affected European weather?

Direct advective efffects on Central Europe 

were restricted to a few days

3-day forward trajectories originating from

Svalbard in winter 2016-2017
3-day backward trajectories ending in Germany 

in December 2009 – January 2010

The cold air mostly came from the east 

instead of north

But the rarity of direct advective effects does not rule out the importance of indirect effects



2. Effects of Arctic amplification on jet stream properties

Overland et al. (2015)



Observed anomalies in air temperature anomalies, geopotential heights, 
and zonal winds
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…but with large regional and seasonal variability
Jennifer Francis



Projected changes in jet stream waviness and strength over North America during this century

(2081-2100 minus 1981-2000) (NCAR/CESM RCP 8.5) (Vavrus et al., 2017).

500 hPa zonal wind strength

Sinuosity (waviness)



Differences of composite fields between the low- and high-ice 

winters for Ta (colours) and SLP (contours) (Mori et al., 2014)

Barnes et al. (2014): no significant trends in blocking activity in hemispherical scale.

Hoskins and Woollings (2015): general decrease in blocking occurrence under climate change.

But blocking may locally increase, e.g. in summer in western Russia, when the European blocking shifts eastward (Masato et al., 

2013; Dunn-Sigouin and Son, 2013).

Sea ice decline -> more frequent Eurasian blocking -> cold-air 

advection and severe winters in Central and Eastern Asia

3. Changes in blocking occurrence

Greenland blocking (GB) and its effects on eastern North 

America

GB typically occurs in conjunction with an upstream trough 

located near Labrador, as well as a ridge farther west over 

North America -> the related jet stream often causes 

persistent winter cold spells in eastern North America.



4. Planetary wave trains and resonance

Sea ice anomalies → summer precipitation in China (Zhao et 

al., 2004; Wu et al., 2009; 2013; Guo et al., 2014; Uotila et al., 

2014) and Europe (Screen, 2013; Mesquita et al., 2011; Wu et 

al., 2013)

Coumou et al. (2014)

Links between sea ice loss (in the Sea of Okhotsk, 

Hudson Bay, and Labrador Sea) and European

summer precipitation.

Increasing occurrence of wave resonance with 

quasi-stationary thermal and orographic forcing → 

trapping of planetary waves typically with zonal wave 

numbers 6, 7, or 8 → contribution to heat waves in 

Europe (summer 2003), Russia (2010), and the USA 

(2011), as well as the floods in Pakistan (2010) 

(Petoukhov et al., 2013; Coumou et al., 2014; 2015). 

Vihma 2014



Warm events in the Arctic 

indicated by anomalies of daily 

standardized polar cap (60°N–

90ºN) geopotential height 

(GPH) from January 1, 2016,

through May 31, 2016. 

Extreme mid-latitude

weather events often

coincide with anomalously

warm Arctic (Cohen et al., 

2017)



Causal chain detected by Kretchmer et al. (2016): Reduction in Barents-Kara sea ice in fall leads 
to increased SLP over the Ural Mountains followed by increased vertical wave activity and a 
weakened stratospheric polar vortex  -> cold winter weather in central and eastern Eurasia

5. Stratospheric pathway



Screen (2017)Open questions on the effects of sea 

ice decline in the Barents and Kara 

seas (Steve Vavrus):

Is teleconnection from B-K seas to 

East Asia caused by tropospheric 

Rossby waves or via stratosphere 

(Kim et al. 2014) ?

Is Barents-Kara warming due to the 

sea ice loss or upstream Atlantic 

SST anomalies favouring warm air 

advection to B-K seas (Sato et al. 

2014; Sorokina et al., 2016) ?

Or is the Asian cooling trend just 

internal variability (McCusker et al. 

2016, Sun et al. 2016; Deser et al., 

2017) ?

October–March mean 1.5-m air 

temperature responses to sea ice 

loss in the Barents–Kara Seas. 

Green hatching marks 95% 

confidence level.



Atmospheric 

sensitivity to sea 

ice loss depends 

on PDO-related 

SST anomalies

For the same pattern 

and amount of sea-ice 

loss, warming is 

larger during the 

negative PDO phase 

(Screen and Francis, 

2016):

6. Combined effects of the Arctic and Pacific



Conclusions

● “The question is not whether Arctic changes are affecting mid-latitudes but rather how and by how much” 

(Shepherd, 2016, Science). We need to understand the role of Arctic forcing compared to other forcings.

● Effects of a certain Arctic forcing depend on the region, season, and the state of the atmosphere and 

ocean. Arctic forcing may reinforce or weaken existing weather patterns.

● Multiple forcing factors acting simultaneously in a chaotic dynamical system makes the Arctic effects on 

mid-latitudes inconsistent, episodic, non-linear and hard to distinguish from other effects. There is no one-to-

one cause and effect. 

● Different studies have yielded different and controversial results due to 

(a) different study periods and regions, 

(b) application of different (sometimes ill-suited) metrics to quantify the linkages, 

(c) errors and uncertainties in reanalyses and climate models

● The atmosphere responds differently to sea ice loss in different regions. 

● Arctic amplification probably favours more persistent weather patterns in mid-latitudes, increasing the risk 

of floods, droughts, as well as long-lasting heat waves and cold spells. How much? 

● Better understanding on Arctic forcing on mid-latitudes provides potential to improve seasonal forecasts.



Extra slides



Tug of war between the Arctic and tropical

forcing on the jet stream

Arctic Amplification in the lower troposphere but tropical

amplification in the upper troposphere.

Idealized model experiments by McGraw and Barnes (2016)

Not surprising that a full range of NAO

responses to Arctic warming and/or sea ice decline have been 

reported: negative response, positive response, no response, or 

response depending on how the forcing is implemented 



Overland et al. (2016), Nature Climate Change

Limitations



Way forward

● Coordinated multi-model ensemble experiments 

● Standardization of metrics to better intercompare studies.

● More extensive use of promising novel analysis methods, including evolutionary 

algorithms and methods to distinguish between forced signals and natural 

variability

● More extensive use of observations

● Improve predictability: initial and boundary conditions, model resolution and 

physics. 



Sea ice decline

Ice thickness reduced by roughly 50% since 1980               In late summer and autumn, ice extent

reduced by roughly 40% since 1980

Kwok and Cunningham (2015)

Feb-March

Oct-Nov


