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Weakening of the stratospheric polar
vortex by Arctic sea-ice loss

Baek-Min Kim', Seok-Woo Son?, Seung-Ki Min3, Jee-Hoon Jeong?, Seong-Joong Kim', Xiangdong Zhang®,
Taehyoun Shim? & Jin-Ho Yoon®

Successive cold winters of severely low temperatures in recent years have had critical social
and economic impacts on the mid-latitude continents in the Northern Hemisphere. Although
these cold winters are thought to be partly driven by dramatic losses of Arctic sea-ice, the
mechanism that links sea-ice loss to cold winters remains a subject of debate. Here, by
conducting observational analyses and model experiments, we show how Arctic sea-ice
loss and cold winters in extra-polar regions are dynamically connected through the polar
stratosphere. We find that decreased sea-ice cover during early winter months (November-
December), especially over the Barents-Kara seas, enhances the upward propagation of
planetary-scale waves with wavenumbers of 1 and 2, subsequently weakening the strato-
spheric polar vortex in mid-winter (January-February). The weakened polar vortex
preferentially induces a negative phase of Arctic Oscillation at the surface, resulting in low
temperatures in mid-latitudes.
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Two distinct influences of Arctic warming on cold
winters over North America and East Asia

Jong-Seong Kug', Jee-Hoon Jeong®*, Yeon-Soo Jang', Baek-Min Kim?®, Chris K. Folland**,

Seung-Ki Min' and Seok-Woo Son®

Arctlc warming has sparked a growing Interest because of
Its possible Impacts on mid-latitude climate™. A number of
unusually harsh cold winters have occurred In many paris
of East Asla and North America In the past few years®®”,
and observational and modelling studies have suggested that
atmospheric varlability linked to Arctic warming might have
played a central role'***", Here we Identify two distinct
Influences of Arctic warming which may lead to cold winters
over East Asla or North America, based on observational
analyses and extensive climate model results. We find that
severe winters across East Asla are assoclated with anomalous
warmth In the Barents-Kara Sea region, whereas severe
winters over North America are related to anomalous warmth
In the East Siberlan=-Chukchl Saa reglon. Each reglonal warming
over the Arctlc Ocean Is accompanied by the local development
of an anomalous antlcyclone and the downstream development
of a mid-latitude trough. The resulting northerly flow of cold alr
provides favourable conditions for severe winters In East Asla
or North America. These links betwean Arctlc and mid-latitude
weather are also robustly found In ldeallzed climate model
experiments and CMIPS mult-model simulations. We suggest
that our results may help Improve seasonal prediction of winter
weather and extreme events In thesa reglons.

One of the clearest manifestations of recent climate change is
Arctic amplification—that is, surface warming over the Arctic being
faster than that at other latitudes under greenhouse warming'™. Such
amplification has accelerated in recent decades and the Arctic has
warmed approximately twice as rapidly as the Morthern Hemisphere
(NH) as a whale®. This clearly indicates that the Arctic is very
susceptible to climate change, a phenomenon evident in both
observations and climate projections'™*.

Although preenhouse pgas concentrations have increased
continuously over the past half-century, extratropical NH winter
temperature trends hawe exhibited considerable interdecadal
variation (Fig. 1), partly because of natural climate wvariability.
For example, between 1979 and 1997, when global-mean surface
air temperature (SAT) increase was fastest, the winter warming
trend was clear over Europe, East Asia and the USA (Fig. 1a),
whereas the Arctic exhibited little trend or even slight cooling in
places. However, between 1998 and 2013, the pattern of winter
SAT trends in these regions became conspicuously different from
that in 1979-1997. First, Arctic surface warming has progressed
rapidly since 1998 (Fig. 1b), with stronger warming trends over
the Barents-Kara and East Siberian-Chukchi sea regions where
marked reductions in sea-ice concentration have occurred™.
By contrast, strong cooling trends are evident over parts of the

extratropical northern continents**. In addition to these cooling
trends, many parts of the northern continents have experienced
frequent cold extremes, especially in recent years™.

A key feature of Fig. 1 is the generally opposite sign of SAT
trends between the Arctic and extratropics in the two epochs; in
the earlier epoch the Arctic was actually cooling slightly whereas
in the later epoch it was warming rapidly. Many recent studies
have suggested that recent cold winters in northern continents are
related to Arctic warming**"**'"*. However, it remains debatable
whether the trend to colder winters is due to Arctic amplification or
internal variahility™'** because the underlying dynamical mech-
anisms are not fully understond. Several studies have argued that
sea-ice loss over the Barents-Kara Sea region in autumn plays a
critical role in influencing atmospheric circulation in the following

a Trend (1875-1857, DIF) ] Trend (1958-201, DIF)
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Figure 1| SAT trends and Arctic temperature (ART) indices. a b, The inaar
trend In surface air termperature duning December-February for the periods
1979/ 1980199771998 (a) and 1997/1998-2013/2004 (b) from the
observed datz?. Green boxes denote the region for ART indices In b.

€, Time serles of seasonal-mean ART1 and ART2 during Dacember—
February for the period 1979/1980-2013/2014. OT denotes the

de-trended state.
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Table 3.4. 1991 A3 1] 2004377 A& giatez 7+ 73y ZdFoR9) 7
H

B OAg g AR RS Ee wiSe Wkst gis

Occurence excess death rate
correct error
i ISy Frequency % Frequency %
Advisory 72 52 72.22 20 27.78
typel Warning 16 4 25.00 12 75.00
Warning 18 4 2.2 14 77.78
type3 Advisory 77 58 7532 19 24.68
Warning 9 4 44.44 5 55.56
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Jan & Kim (2009) Mortality during heat waves in South Korea, 1991 to 2005: How exceptional was the 1994 heat wave?
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Fig. 3 A scatter plots of the number of deaths (NDHD) versus a MT. b NHW and ¢ DHW. In parts a—c. a
linear regression line and in part (¢), a linear and quadratic regression line is shown

Fig. 4 A scatter plot of the
residuals of the regression model
in Fig. 3¢ and the Aging Ratio
(AR) for the corresponding year
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Fig. 5 The estimated value of the number of deaths due to heat disorder (NDHD) using the multiple
regression model. a A scatter plot of the observed and estimated NDHD. b A time series of the estimated
NDHD with its upper and lower boundaries (dash lines) at the 95 % confidence level. The observed NDHD
1s denoted by red circles in (b)
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Fig. 7 The projection of future population and the corresponding Aging Ratio (AR) between the period
1994-2060. The portion of elderly population (=65 years) is denoted by the brown bars, and the AR (ratio
of elderly in total population, %) is represented by the gray line
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Table 3 The correlation coefficients (R) for the vulnerability factors in the nationwide administrative districts (n = 232).

B : . . Occupational Meteorological . .
Urban Factors : Socio-economic Factors ! P H gl { Adaptive Capacity
e . : e . . Factors i Factors . v
(Sensitivity Class) i (Sensitivity Class) b o e . i . Class
! * ! . { (Sensitivity Class) | (Exposure Class)
Death Pop. Pop ) Urbanized Urbamzed Elderly Elderly Poverty E.r}nnl-: ) Agrlc_‘ulnual Laborer I—?ezfr Trgpical Max. Hospitals Doctors Medical
toll density area rate alone nUnonty work wave night temp. staffs
Dfﬁh 1 155" -—om 280™ -016 2457 397" 269" 068 252" 162" 3617 225" 229%™ 220" 051 093
(]
Pop. 1 5157 522" 471" 919" 736" 4T 654" S3437 9437 -036 0 3317 110 823" 719" 792
Pop. 1 -038 876" ¢ 444™ 284" 3407 413" -601" 484™ - 401" -020 325" ;20" 5357
density 192"

Lf‘;ﬁ;‘fed 1 1437 542 47T 4507 3457 075 5677 0290 3637 063 5517 208" 37T

Ufb“’:iz‘?d 1] 400" 274" 350" 3g1”™ 546" 502" -167° ST 03| 377" 543t 555
rate

Elderly 1 863" 7767 5427 -136° 872", 013 332" 156", 800" 674" 750"

Elderly 1 844" 38" 137 705 138" 31 a3t 716 st e
alone

Poverty 1 345" -153° 72| 137t 454" 169° 781" 530" 616"

Ethnic 1. N0 R ST A R E T 121 057, 467" 484 5157

B | ! !

Agncultural 1o |t aest a7t | o244t 362 349
worker

laborer 1] -.061 326" 083 818" 795" 853"

Heat 1 092 689" 119 -025 -023
wave

Tropical 1 149°F 392" 318" 332"
mght

Max. temp. 1 175" 116 116

Hospitals 1 691" 770"

Doctors 1 085"

Medical 1
staffs

# Sionificant at 03% ¥ Syanificant ar Q0%
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A(a) Elderly living alone (b) Agricultural worker+

(c) Heatwave days

b -

es-as
-1!z-|4r

-147-249
¢

Fig.3 Spatial distribution of: (a) elderly (=65 years old) living alone, (b) agricultural workers, (c)
annual frequency of heatwave days (maximum daytime temperature =33°C), and (d)
tropical nights (minimum daytime temperature 225°C). Metropolitan areas are denoted by
black circles. «
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Fig. 5: Comparison of the spatial distributions of the estimated heatwave vulnerability index (HVI)
and observed number of heatwave-related deaths in the 232 administrative counties.«
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Daily mortality (p. 100,000)

Paris

Int J Biometeorol (2006) 51:145-153
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ORIGINAL ARTICLE

Temperature-related mortality in France, a comparison
between regions with different climates from the perspective
of global warming

Mohamed Laaidi - Karine Laaidi -
Jean-Pierre Besancenot
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