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GEOPHYSICAL RESEARCH LETTERS, VOL. 39, L06801, doi:10.1029/2012GL051000, 2012

Evidence linking Arctic amplification to extreme weather CHICAGO SUN-T[MES(‘OH‘I

in mid'latitudes T R A n e 8y e e 8 TN T G e R e

Jennifer A. Francis' and Stephen J. Vavrus®

TS POFE HEsE e
S22,

nature
climate change

PUBLISHED ONLINE: 22 JUNE 2014 | DOI: 10.1038/NCLIMATE2271

Amplified mid-latitude planetary waves favour

particular regional weather extremes

James A. Screen™ and lan Simmonds?
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What is Cold Surge more physically? 9@7**=

Cold surge ...

= Sudden temperature drop within
a day or two

=  Strong cold wind

= Long-lasting cold weather
=  Heavy snowfall

=  Freezing surface

Satellite image by Terra of
NASA on Jan.7, 2010

P

30N -

CHONMAM HATIONAL UNIVERSITY



X Definition of cold surges

» The typical scenario of cold surge occurrence
— The Siberian high reaches certain intensity,

— Eastward moving upper level short-wave trough aloft over
Lake Baikal deepens as it propagates toward quasi-stationary
East Asian coastal trough

— Surface anticyclone moves southward together with very cold
air accumulated over eastern Siberia - a cold surge occurrence

« Criteria for cold surge occurrence
— Surface anticyclone (expansion of Siberian High)
— Temperature drop
— Northerly Wind

16/43 TZ Tt



Cold Surge Definition D 1%

1. siberian high center > 1035 hPa

BON —

50N 7 (winter temperature anomaly )

/ 2. Temperature drop > 1.5*STD

40N —

I 3. Temperature anomaly < 0

30N —

- Duration
60E 6o 100E 120 we Jemperature anomaly > -0.5*STD
[ [T
Intensity

sum of temperature anomaly during cold surge

Similar in Zhang et al. 1997, Jeong and Ho 2005, Park et al. 2008




COId Surge Occurrence Mechanism \Jﬂ%”g

Expansion of the Strong Bringing cold
-5 —
Siberian High northerly wind air

Day +4 90N

30N
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Wave-train
U or- 90N
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ON(a) DJF Climatology of T,GPH,WIND (500mb)
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goN(a) DJF Climatology of T,GPH,WIND (500mb)

Wave Train Type
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On the Role of Successive Downstream Development
in East Asian Polar Air Outbreaks!

CHANG HI1 JOUNG
Department of Meteorology, College of Natural Sciences, Seoul National University, Shinrim-Dong, Kwanak-Ku, Seoul, Korea

MATTHEW H. HITCHMAN
Department of Atmospheric Sciences, University of Washington, Seattle 98195
(Manuscript received 25 November 1981, in final form 7 June 1982)

Surface pressure gradient over Korea exceeding 2.5 mb(100km)-1
Drop in daily mean SAT at South Korean stations of more than 50C in a day

500 MB HEIGHT DAY & - DAY 4

famte” .

120°c, -~

Two-day difference maps
of 500 hPa GPH



ON(a) DJF Climatology of T,GPH,WIND (500mb)
Blocking Type
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Distinct Type from Wave-Train

Intra-seasonal Amplification
of Siberian High 2005/06 Case Study

Atlantic origin

i 2 Jan. 2006"

: ﬂl; g?l’— ."2\’ v-{." f;‘ O Day 0

yﬁ',;&‘ : o
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Pacific origin
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[Takaya and Nakamura, 2005b]

[Park et al., 2008]
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Clustering Results

Atmospheric Circulation

# of cold

surges
Wave-Train 273 (82.2)
Blocking 59 (17.8)

Total 332 (100)

Z
(300 and
850 hPa)

SLP

T and V
(850 hPa)

FFIECH Sl

ONMAM NATIOHAL UNIVERSITY



Clustering Results QD 1 HE
Wave-Train VS Blocking

Day -2

Day 0

Day +2

Wave-train « Blocking
Southeastward expansion of the Siberian High «  Southward expansion of the Siberian High
Stronger and longer cold surge
More predictable cold surge
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Vertical Structure
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Clustering Results
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Korea
Mateorological
Administratior

Daily-lagged Composites

Temperature (°C)
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1(a) SAT anomalies
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Clustering Results

Oymyakon, Russia

Average Dec-Feb Surface Temperature (“C)
e G s S ———

- -0 0 ° 10 20 »

Climatological Temperature for Oymyakon (1981-2010)
Month Jan Feb Mar

Record high -12.5 2.0 11.7
°C(°F) (9.5) (35.6) (53.1)

Average high -3.7 20.0 18.2
°C(°F) (25.3) (48.4) (68) (64.8) (48)
Daily mean °C [ -42 -31.2 -13.6 2.7 12.6 14.9 10.3 2.3
(°F) (-44) (-24.2) (7.5) (36.9) (54.7) (58.8) (50.5) (36.1)

Average low -50 -47.3 -40 -23.9 -4.7 4.0 6.2 2.6 -3.7
°C(°F) (-58) (-53.1) (-40) (-11) (23.5) (39.2) (43.2) (36.7) (25.3)

Record low °C [REER -67.7 -60.6 -46.4 -28.9 -9.7 -9.3 -25.3 -47.6 -58.5 -62.8 -67.7
(°F) (-85.7) | (-89.9) | (-77.1) | (-51.5) (-20) (14.5) (15.3) (-13.5) | (-53.7) | (-73.3) (-81) (-89.9)

Nov Dec

11.0 -2.1 -6.5

Year

(51.8) (28:2) (20:3) -

-9.2 . -42
(15.4) [NEE] (~44)

-14.8 -35.2 -45.5
(5.4) (-31.4) | (-49.9)

-39.3 -48.8
(-38.7) | (-55.8)

28 2% o

-8.8

(16.2)

-15.5

(4.1)

I-EI-I

HATIONAL URIVERSITY



Dynamical Index for Cold Surge Type ¥**<

Korea
Meteorol logical
stration

Classification of Cold Surges based on Clustering Method

90N

Wave—train (284) Blocking (68)

(a) Z300 and Z'3pg (b) Z300 and Z'sq0

90N

- 75N A

- 60N A

- 45N A
\.l\l (‘\"‘)\I"'\QI,,\IA,—/IO 4 I | | I - 30N A I I I I I I'----I' I -
40E 60E 80E 100E 120E 140E 160E 180 160W 40E 60E 80OE 100E 120E 140E 160E 180 160W

-800 -600 -400 -200 -100 100 200 400 600 800 -2500-1500-900 -600 -300 300 600 900 1500 2500

(C). szyU .ar}dlellzpvu o ‘ ‘ ‘ ‘ (d) Ozpyy and 6'zpyy

75N

60N -

45N -

30N

40E 60E 80E 100E 120E 140E 160E 180 160W 40E 60E B80OE 100E 120E 140E 160E 180 160W contour : climatology

Shading : anomaly

-6 -4 -3 -2 -1 1 2 3 4 6 -10 -8 -6 -4 -2 2 4 6 8 10

20 T e TS

HATIONAL URIVERSITY




Dynamical Index for Cold Surge Type ¥'**=

Al X

Korea
Mateorological

Wave-Train Index (WI) and Blocking Index (Bl)

Potential temperature on 2 PVU

I Wave-train type

90N

75N

—_——

60N +°

45N

30N A

-:%@[3 Laned

i)

I Wave-train Index (WI)

WI = Potential temperature anomaly difference

R3 minus R2
-

I Blocking type

90N

75N A

40E 60E B80E 10CE 120E 140E 160E 180 160W

60N +=*

45N A

30N A

Wave-train pattern at tropopause

I Blocking Index (BI)

Bl = Potential temperature anomaly difference

40E 60E B8CE 10CE 120E 140E 160E 180 160W

Rl minus R2

Dipole structure at tropopause

o0 7§ SELC2]

|

CHONMAM NATIOHAL UNIVERSITY
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Classification using Dynamical Index ¥"**

Atmospheric Circulation

Wave-train type Blocking type
30 e (a) MSLP (b) MSLP
20 - N -
- l.. . s ?‘: .:"o ' . I
10 - A 5 Day -2 =
b ¥ y
5 ) DY i ¢
E g - L & :: ‘.. o
gl et '.f;...': St [
107 e b ]
—20 1 . g
_30 Tttt T T T T T T T T T i

-30 -20 -10 0 10 20 30
B-index

I Wave-train type (188)

I Blocking type (104)

I Unclassified (60)



Origin of wave-train cold surges D 7le

Features before Cold Surge Occurrence
Wave—Train CS

Z300 Anomaly




tvype cold surges

INg-

in of blocki

19

Or

Features before Cold Surge Occurrence

Blocking CS

Z300 Anomaly

—90%
—90%
—95%

CHONMAM HATIONAL UNIVERSITY

&

SAT Anomaly




Applications of Dynamical Index D ¥ HE=
WI1 and Bl in NCEP CFSv2 reforecast data

— WI (5days moving average) — Bl (5days moving average)
. — — Temperature anomalies . — — Temperature anomalies

WI, Degree C
BI, Degree C

5
—14 -12 -10 -8 -6 -4 -2 0 +2 +4 +6 +B +10 +12 +14 —14 —12 -10 -8 -6 —4 -2 0 42 +4 +6 +8 +10 +12 +14

day(s) day(s)

7.3 SIefCHStul

CHONMAM HATIONAL UNIVERSITY
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Cold Surge Predictability in NCEP CFSv2 reforecast data

NCEP CFSv2 Cold Surges Predictability NCEP CFSv2 Cold Surges Type Predictability
100 1 —— CS predictability 100 —WT
801 901
80 4 80 1
ﬁ‘ § 70_
et 701 ~
& 2
= 80 = 60
a 2
o 50 o 50
2 9
g w0 o 40]
: :
‘;:'L 304 Q, 301
20‘ 20
101 101
0 T 0 :
0 -2 -4 -6 -10 -12 -14 -18 0 -2 -4 -6 -8 -10 =12 -14 -186




Positive AO Negative AO
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Jeong et al. (2006, GRL)

(a) PV(500°K) and Z(50 hPa)

Latitude

45N

30N {7
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Extratropical
response

—-—

~
Traveling synoptic transient , “ In Phase}\2~3

(=}

\N¥/ Amplifying to

MJO extreme cold surge

Indian Ocean

MJO center?} Q1 & QF0

|
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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?3, Chris K. Folland**,
Seung-Ki Min' and Seok-Woo Son®

¢ J Lower-level circulation

~
o Upper-level circulation

JH JEONG



Identified two ‘hotspots’ in the Arctic

a Trend (1979-1997, DJF) b Trend (1998-2013, DJF)

ART1: SAT anomalies over
the Barents-Kara Sea

ART2: SAT anomalies over
the east Siberian-Chukchi
Sea

-20 -16 -12 -0.8 -04 0.2

— ART1index CORR(ART1and ART2) =0.09
— ART2 index CORRp(ARTTand ART2) =-0.08
almost independent with

A M
] w each other but both show
2] positive trends

-4 . ‘ ‘ . ‘ ‘
1980 1985 1990 1995 2000 2005 2010

The two ART indices are

o N B v

7 TLtThetm

JH JEONG %



Dynamical process: SLP and Z300 associated with ARTs

(a) ART1 SLP (b) ART2 SLP

) Bt
= -', - - . -

Anticyclonic
circulation anomalies

Downstream
development of mid-
latitude trough

JH JEONG



Preliminary results ] — =

=22 33

Climatology of blocking frequency [Interim, DJF]
(o) 1979-1990
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Korea SAT anomaly
East Asia SAT anomaly
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Blocking type + travelling cyclone

SLP
Jan. Jan. 22, 2016 Jan. 31, 201
S 3‘»5«
N
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o
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Jan.
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Day O

Jan. Jan.

Day +1

I
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NLOC conrtewy NOAATL U8 Mo wr e mrvos D

= 2. H(1981~2010) Ty] 7]1mx} : 2015 11€(21%), 20154 129(5Y), 2016 1¥(eE%X), .
(At= &A4]: NOAA ESRL (http://www.esrl.noaa.gov/)).

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)

Extent (millions of square kilometers)

2015-2016 —
2011-2012 --
1981-2010 Average —
8~ +2 Standard Deviations

Record-breaking low sea-ice

National Snow and Ice Data Center, Boulder CO

Nov Dec Jan Feb Mar
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Duration

5 days after cold surge occurrence

(a) Z300 and Z850 (b) Z300 and Z850

Wave-train Blocking

| | 1 | 1
-60 -40 -30 -20 -10 -5 S5 10 20 30 40 60

(c) T850 and V850 (d) T850 and V850
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