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The Relationship and Mechanism between Winter Extremely Low
Temperature Events in Mid-latitude Asia and Abnormal Warming
over Barents and Kara Seas

LI Yanxi*?, CHEN Haishan'?
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Meteorological Disaster, Ministry of Education, Nanjing University of Information Science and Technology,
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Abstract Based on the NCEP-DOE reanalysis data during 1979-2019, this paper investigated
the relationship and mechanism between frequency of winter extremely low temperature
events in mid-latitude Asia and abnormal warming over Barents and Kara Seas. The results
show that the abnormal warming over Barents and Kara Seas usually corresponds to the
enhancement of Siberian high and the frequent occurrence of extreme low temperature in
mid-latitude Asia. It is found that positive geopotential height anomaly appears over Novaya
Zemlya and Urals with the abnormal warming over the Barents and Kara Seas. Significant
cold advection and sinking motion anomalies appears on the east and south sides of the
positive geopotential height anomaly and abnormal divergent flow appears near the ground,
which makes Siberian high strengthen and extend to Southeast. The diagnosis of
thermodynamic equation further indicates that cold advection anomaly caused by northeast
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wind on the south side of the Siberian high pressure anomaly, ascending motion anomaly
caused by Easterly wind anomalies passing the terrain and abnormal diabatic cooling caused
by radiation, sensible heat, and latent heat result in an increase in the amplitude of the
near-surface temperature’s seasonal cycle in mid-latitude Asia, which conducive to frequent
occurrence of extreme low temperature.

Keywords the warming over the Barents and Kara Seas, extremely low temperature, Siberian
high, diagnosis of thermodynamic equations.
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Jetli R I E B L2 L BRI Ay, X — IR AR A “ ALK
K7 KREBFINNRIIIRE . KRR EIE (Cai 2005, 2006; Graversen, 2006;
Lu and Cai, 2010; Lee, 2014; Dingetal., 2014; Krishnamurti etal., 2015; Lietal.,
2019) AL M L UK < AH ELAE R 1F [ 4% ( Screen and Simmonds, 2010; Serreze and Barry,
2011; Serrezeetal., 2012) &ALARBORIIATAE IR .

AR K 5T, 20 40 90 AR LR 45 R Rl & 2= <R A0 2 I [ 3

(Cohenetal., 2014; Kugetal., 2015; #J5iE%%, 2014), KRV KR 2 k52 2 55 FE w1
SO PEREA TR, AR IR IR VKiK. WE (Ding etal., 2008; Gong
etal., 2014; Maetal., 2018; D##4%, 2008; Ul X, 2019). 4, 2016 4 1 F FAy,
RWLE T — U0 B R S . X FERI A E AR L 2R EEE, SERE
iy X 3 R RIRAR, BB AL IE A TR S . O T M v 26 B JE ) i AIK
IR3ET 7 K EWFT (Ding, 1990; Takaya and Nakamura, 2005; 7K sEi#FIER4E %2, 2012).
B TR SRR L B I B v e 8 F A SE M A I R OB R G, SR K PH ZE AH I 0
RE A8 0 5 T 74 v H s 170 WP A R I vy s P 34 5 R G ) 2 U B0y s 7 A AP 4 45 € ) ) B 222
[Al%& (Takaya and Nakamura, 2005; Park etal., 2013; Shietal., 2018; FiEM AT —
i, 2006; EWANESE, 2014; Z KFMTRE, 2019).

PEBEIEM i R, R R AR AWK ERZ T2 2 Efad, Jbioy
TR T A X, {545 R AR 7 Rk 55, FRZS At 3G K (Francis and Vavrus, 2012),
% iy UL AL 1 A58 (Screen and Simmonds, 2014), R 1 #5205 4 % f PH 22
ARG RS F A (Livetal,, 2012; Luoetal, 2016; Yaoetal., 2017; Maetal.,
2018; Feng and Wu, 2015; Z=4iJiiA1%0 fsig, 2019). Kug et al. (2015) 2T CMIP5
B AR, &I G S -8 it S o 9 10 I R A T AR LBl s AR S - r
g T IR, 8 AERE L B U e A R Ui R AR A IR, SEXMEIRATE T,
197 R B ZE A RRSE I [A] A8 K (Yao et al., 2017), HETMIZE T &hEHIX P AR 2L A 50, N
R ™ AR T A FI 2% F. Nakamuraetal. (2015) RFFEEN] 11 A UKD 2 17 -
RO I RSE N, WO E B DU AR R b )R A ) A A R A R AR AiE
P 5 B O R 0 B2 AR SR UK/ 5] S R RS e %2 07 DL (X)W B, Honda et al. (2009)
A S (1999) M Fithan th 7B N —BU 45t
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KRG R BT RACR S 2 B2 T R, AH LIS AL A 24 KA e Pk
(Barnes and Screen, 2015; Mccusker etal., 2016; Sunetal., 2016), iXAJHER(LIEME:
Eb % Bk = 58 44 1) B FE AR 4% SRR & B (Cohenetal., 2014; Overland etal., 2016; Gu
etal., 2018). CAWIFLRM, FUAARIIL & K 1G5 F T Hum KiK. (Gong and Ho,
2002; Liu and Zhu, 2019), 4y /KBHZEHY 58 A F] T PG40 R & 3G 5% (Takaya and
Nakamura, 2005), i ELAG W& 4 57 5 3 Bl o (e % h R BHZE IE 57 (Kug et al.,
2015; Luoetal., 2016). ASCHUEEGIIFISH, IRAGHS EAG S - Rl 55 g 5
FIOW I o 245 FE Ao AR IR ARUR B30 L], KB e LR JUAN IR R (1D e i 6 B2
AR B AL A R AR AR 5 EEAR S i S IR IR OQ AR, 3 o0 I B2 3R AT I 1) RUBE 2
FfE I MR 2R 25 P A AT, R IR L 281 A0 BA I 56 o 403 B T 46 (P A4 5 E2AS S - h it 57
BIRR I CEE; (2D 4RI FEAA RIS S5 ¥4 1 i 6o EAS S 18 a7 e 5 o 48 3 (4 i AL ) (3D
P AT RS W, PR KCPFIRE L. R EISE) . AR IR
P e 2 3 1 T S MR AR A S o () TR, B 1 AE TR S - R S R AR A A
(RS INAIN TIPSR

2 ERFFE

ASCHTH %R A NCEP-DOE sy ik s H ey HEP . H &A% 2m A0 Br %
kBl A5, BRI MBS B RIRIT Ok, BRI HEER 25695 AT
X il BE 2= B A ZE B R oy, FRATX H P 2m AR BEEHAH Lanczos JiEJ% 7%
HEAT I 1A RUBE 90 R BAR HAR 90 K LA Laconz i€ (Duchon, 1979).

Ak, RS ZAHL (WMO) HERSEF AR (WCRP) B EAR R
AR 70 B (CLIVAR) gz (sl Bl Ai454 X4 (ETCCDMD) HEF# i
FH AR RS AR IR IR AR (R DD

® 1 Wi R HOE

Table 1 Definition of extreme temperature indices

WS R JELHRS FREE X <R [y2

B HEL TN10P HigK B D THRSE R H R H
IR 10 ANE A H E

BB HE TX10P Hixm[hTFEsE WA &Es H

WSS 10 AN E A H 2k

“HHEE TavelOP HTrSENFESEHER TS H
WSS 10 AN E o H 2

N T Z IR SRR B0 A S - Rrif S W I IR L, AL sl e R %4,
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ASCH|H Takaya #1 Nakamura (2001) & YT BNE & . PG 30EE 1 5 OV EEE
3R, HAREL. REREME R B, L. 7€ p P, pBir&d, HiGshER
N:

U (lr//'x2 _WIV/IXX) +V (l//'xl//y _lr//'!r//'xy)
e e I W

2

f
S—°2[U (e 47 A (7N A7 |

Sk, p SR A, O AT 5 A T R S % U
VORI RIS TIR. SRR ] W RS RAIEIE R, S B HREIESH,
CuM Rt TR LA, T 42 T B2

N TWHR TR T EZE . AR RN T R iR B AR I ok, He AR5
—ME PR IR T RN, WM h A AT IR UK R, ASCRA p 28R &R
[R5 5 R

oT or or J

—=lU—-V—+S n—— (2)
ot x oy P C,

X (2) FEATH AR5

J@ dt:—j u£+v£ dt+j8pa)dt—jidt (3)
ot ox oy %

R, sy e RESBRERANFTARENE, s NIE. 3 RIS,

SR B RO B SR BN IR o ARZE BN R IR TH SR AT S5 R T R R B AR
WHIREFRIL B ERIEIZ 7.

3 ZFERI-BIIEREERSINPEERIRKENXR

CAHBT RV, AR SRR BT i 57 8 G 1 2 i A5 R AR A2 3 B0
AR (Kug etal., 2015; Luoetal., 2016; Yaoetal., 2017; Maetal., 2018).
Y5 Kug (2015), & XEASSZ-WHE (30270F, 70=80N) X I-F1 H-AE bk ik b
IS 2m IR ARTI A 1 Ba Uk A 25 B2 RO R Fafi Al i AR IR AT A 5 B2 S - Fr i S
WERZ LR, MR EERAE. B H. AR B LBAG. BN ARTIZHTH
arbr (B D, 85REY], BARSHRREEE LAAEER, AWM TGERRE. #
H. AR HEEAS L&A 5 ARTI 23R IEAHIC . BI A SC-Wg R 5 1 g
R R 2T 243 R i AR AU o
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MBI — I LT L H4E, B 21 O LCkREE R N B . bl kRS
H4RAF 40 ENSO (Lietal., 2019). PDO (Trenberth et al., 2014) fF{ERKZR, fEfE—
SE WIEBR AR LA PR AR AL, (EA S L 5m i H PR A2t . AN Al 300 g 345 W
25 E KSR . WOk 1981/1982. 1985/1986. 1986/1987. 1988/1989. 1993/1994.,
1996/1997. 1997/1998. 2003/2004 4£Jy ARTI fi 7% 4E (ARTI<-1), BIEAE S -5+ it
A FH 4, 2004/2005. 2005/2006. 2007/2008. 2011/2012. 2012/2013. 2015/2016.
2016/2017. 2017/2018 44 ARTI IE R4 (ARTI>1), B EAG - Rl 7 4 .

RNTEWIE PN A FE R 2m IR ARE, 25 H AR W R | BESH E40 EN
HZR R IX P 2m B SIRA R Ze (B 20 AHERIL, EARSC -
B 7 YN T 45 5 1 A% S MR R AR A B 5 K AR S i VA S A I N PR 5 B
A Jr iR FE AR A SRR B IR AU B A ) 2% At

PP 28 4 2R B I AR A T R ZE 1T N B B INE =T IE IR 2 b o R[] RUBE /)N
T 90 RIEB M NZETT NS, R IA RBE R T 90 R MAZE T ERN . 72245
— W R I S W AR ZE T A R I oK TS (B 2) B 4 B2 A 2= H P iR
JEFEF (B 3a) RIEZFENIER (K 3b) MZEF NS (K 3c) #ATMRE N, 16
E A S o B S A HE DA H MR 20T 40 4F LA H IIAER 16 1.90 £i5, 10 215105
R FEPLE H /T 1979/1980-2018/2019 4F A4 Z=ZF 15 E PR BN IA B H 745 10 M H
oA B RE R 2 40 SR 2.61 %, FET N IR IS B/ T 1979/1980-2018/2019 4
KR NIRE IR EIE BT 75 10 A E o 0r H R A2 08 40 £ 1 0.90 fi5 . RIFE 248
SCWE R I AR R N IR LA B 0 S T RIRIE R 2 b, S R T AR
IR R A

4 ZZFERZ-FERER FIEEE S HUR LR R IR SN A Y A] et/

N T o AT PR AN ERAG SC-WE R S IR I R, PRkt ARTIIE S5 4F 5 ARTI
PR AT G WA IR IRAME AR I, A S hr i B IR X N5 1 J2 0 3 3
EHG RS IUR e B W DU I AR T AR (B da), BT DLV AAAE — 1
P IS, HAE 300hPa Pt i s & ik B ok, X 3 B2 IE 57 9 — IR B I =
JEFRH, B 7 AR b TR b DA PR IO R 5, L M — B R 2 T I
TR 0 VG e S R R A B8 B AR R, ELAE 300hPa BT R IS B, IR R AL 3
P N — IR B R AL 5, WHHAUZ(RE 700hPa — BELEfH BIXARET (K 4). {E
RERNE, (EVUIREIAa B0 T itiesh R (B 40, i via R ARk
R H G VT, DUIZRIIR I AR E v & s i (& 4b).

N T 53 A ARG S - R i e G IR 3 B A = R e E R R, B 5 AT T
500hPa 7KF- 37« il FE ~F-3a Al 3 B IH RE DL f2 300hPa ks i [ 48 SO 5 e ASHE R I »
YA SC-WE R o RN, U I IR ) R K IgtR S (Bl 5a), 1R EFIEE),
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oI T B 3 B S IR (B Bb), fEMb SRl JifE AR, fEPEAAIE 25
P2 1 S B ASIR (Xu et al., 2019) o 3% Rl b XU & R T4 r 3 58 (B 500,
IRAE T AORS TR TS, AR5 R I b KR B 1 PR T I 8 2 )36, [ S A AR 1Y
SR E R TR Z s SR AR RN, AR T AR AR 0 e s, T
TULE RS TL (B 5d). XF R ULz sh 58 1A AT raa R s . 7h i
RN SR 2 R AR (Bl 5%, 2011; Ding, 1990), ki =4 m %R, [a]
P R HE AR A (8] 5a), AH49 5 e e 1 2R ) e B A, RIZE A s A IO R it 0 V7
ERERA—E RS (K 4b).

H T 09 o 26 5 R A& R IR AR AL E ARTL IE J % 4R KT ARTI fi 79 4E,
T T 48 50K 11 oy s A A A o IR AU, XRIEH 40 SRS I H 26
JE X33 2m SIEAE 1 H 23 Hik#li/h (E2), FIF#RI1251, 12 A 1 HFYr
ZYAELH 23 H, BUMRITHEIEFENIE H & i L 86400 FhF R A, oA AR S -whr
WA BRREEACHRE PR EHEIE). JEARnBT R R AR TR £ . B
A SRR S B, S H 3 P T 48 ) R B AR A o, R LR RS R A A
M 850hPa 7KF- 37 (& 6b) X ZHKEEEIZS) (B 7c) R KE, B2 RHA
WIE ARG wASE, 5 E A7 AE 525 00 Ak RS 85 20 1 5 B 5 (A T R Uiz 3l
M2 HIEAER, FREKITRE AL, S b AR5 WA SR ERE S W L F BRI R
W LT E; #EAR R I HEOR B ER N R E T U3 . B AR E
VUSRI R AR T (B 7o) AEHELRINASTE (B 7d) A2 BLIRANA iR
H# (E 6b. 7b) Xf R AR, 845 12 DX 3 i R bl P AR A R K (B Ta) .
M EBr e S0P R B EGEE AR H T E (- 7d). SdhEr. RENZE. H
. TR EEREA RS (K 6b. 7Th) MW FTHAE (B 6c. 7c). 5
HARER. fedb. IR PTA R 3 BAKESE R a3 B AR (B 6c. 7o), FREARL.
A, B JEEAREE R AR (B 7h).

N BRI R B S - R A . IR KCHRE R, RHIBE) . k4
FINFANE TP o 25 B Jey b iR AR A FH B 22 57, K 850hPa FIT 4 54 RIRLFE R iRk . 7K
PRSP EE I AELE RN AR IR 7 i ZE A BO I H 46 P AT X I-F 48
RE, KPR BTS2 B B O 0 2 R)E 7 R B AR A B IR DTk, i AR 4e#0m
P HE T ACHR BT S E EIE ok (B 8).

FEE PN AR FEH X, SRRE, TGS R i e i R AR T i 4, ARk
INFRASGE 58 EHRIH KPR TR 3 BLIE s KA EE A, 15 504 = Hh iR B AR 4L
K (B 8). FENEIN R FERAS R X, P A I e i S5m0 AR b XS B0 7 i 14
T AR RS e ik M 38 ) S8 B THZE B DA SAR ST SR T IS i R S R
e H (B 6. 7) SFEW YN A 45 I M a5 5 2= R P R E S K (B 2. 3b), A FI
TR -
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AN H NCEP-DOE H 7 #fr Bt gl iz &R Wi trdEIris, fam s
T S MR T BT YN 445 5 AR o (IR A A TR ] BEAILARY o BF FL45 SRR

(1) EEAR S P o i S o 8 IO 308 5% I .+ 83 Al o AR A A o 38 3 o) Ui P AT
IS 18] ROBE 70 A J5 IR 28 3 B A AT, R 1 PR 443 B2 2R 15 6 30 AR S - R O S o 405 2
I 24 P A2 B ORHRIE B 2=, E 1A R 37 S0 v 443 Pl o R R 2

(2) A Z= AR 3-8 oy i e 5 S A B D8 ARSI vy 1 S o 18 52, 1T B PRI 52 RN A
AR - R SR R, UM LS R KR S, R R THES, SRR
T 303 1R e 8 I B, AR (m) )/ E T, AR PUAERINE b2 R I = 1) e
6. X P AL X A R T PR B3 e, JE SR T Uigs). XM TR IiE sl i) R
ARSI SN (& A1 A=Y O it (S 1 0 A S <0 G ) o e WA 3 o =B (1 D e S [51B N [
A ) S W AR O, 85 55 S ) AR 1) R A, RIAE AN s A RO K o 2R E N
— e R

(3) FERXMRERRLE T, BB HRFITRREITIZE, 2d RN
S S -ME R IR e A, AP R E . FRE RS R R B3 e R AR 4a A
A E Ay ST H 26 P50 T 1 4% S LI B A A 3 AR T A R 2 o AR R i R R AR
M EE 0 B AL SR A T AP s RIS OB 2B THE S R, fERRE R
SEp AR R AL AN FlI RS B EASEE e B S R
Y IGAEN T o TR BEAC SRR = R MRIE G K, AR T AR (IR

HAET, FRATRMERA A A 52— o7 i 7 5 394 1 5 3 1 5 DG () 57 3% v B O e 5 22 [
IR R 6 &R, Bl TR A5 31— 34518 (Luo et al., 2016; Overland et al., 2016; Mccusker
etal., 2016; Sunetal., 2016; A X, 2018). JLHKM 20 4l 90 ARG 4 FF 4R A%
UL, FURRE R RIE A Rt — B Fe s AT ANBIE AR R, JBRRTBOR & B AR AR 2 N
T Bl 3[R 25 B, DR O T AR R b Bl TR B AR Ak G AT 2R Bk (Screen and
Simmonds, 2010; Lee, 2014; Overland etal., 2016). FEAWF LM, WP b4 B
IR AT Bross BN BRI S A S JE R s 5 A o0, 5 AT I I PEIRRR X R
FONEY) (Wu, 2017), R, WSURESHES, P H A= Rm iR FF a2
A S - L e R 18 ) S 2T e T 4 2 2 A i IR T AR AT AR S - R i e B
I 35 oot PRI e B N, IR R . AN, dERiEOK. B iR A
BRIV B 25 45 T BT S 8 DR M o 26 4 R W o (I IR = R BRI 17 T A 1 2= 4 OIS 5
(Nakamura et al., 2015; Wangetal., 2000; Peingsetal., 2013), #iTIXEER R I
TP B E S OGE RN A
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Fig.1 Spatial distributions of correlation coefficients between TX10P(a, b), TavelOP(c, d), TN10P(e, f) and
ARTI before(after) detrend. Black(green) dots denote regions where are significant at the 0.05(0.1)
confidence level by student-t test. Black box indicates region of Mid-latitude Asia
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Fig.4 Composite differences(ARTI positive years minus ARTI negative years) in the (a)temperature(K,
coutour from -1.5 to 1.5 by 0.5), geopotential height(gmp, shading), wave activity flux(m?/s?, vector) at
300hPa, (b)temperature at 2m(K, coutour from -2 to 6 by 1), sea level pressure(hPa, shading), wind at
10m(m/s, vector), (c) temperature from 85N,57.5E to 35N,137.5FE(K, coutour from -2 to 12 by 2),
geopotential height(gmp, shading), vertical velocity(m/s, vector). Black(gray) dots denote regions where
are significant at the 0.05(0.1) confidence level by t test. Wave activity flux, wind at 10m and vertical
velocity are only shown significant at the 0.1 confidence level by t test
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500hPa. Black(gray) dots denote regions where are significant at the 0.05(0.1) confidence level by t test.
horizontal wind fields are only shown significant at the 0.1 confidence level by t test
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Fig.6 Composite differences(ARTI positive years minus ARTI negative years) in the (a) integral of local
temperature change(K), (b) integral of horizontal temperature advection(K, shading), average horizontal
wind fields(m/s, vector), (c) integral of vertical transport(K) , (d) integral of diabatic heating(K) in the first
54 days of winter at 850hPa. Black(gray) dots denote regions where are significant at the 0.05(0.1)

confidence level by t test. horizontal wind fields are only shown significant at the 0.1 confidence level by t
test. Black box indicates region of Mid-latitude Asia

17



474

476

478

480

482

484

700 —

level(hPa)
level(hPa)

850 =

1000

(d)

500 ——"
R

700 4 ket

level(hPa)
level(hPa)

850 —

1000

K7 ARTI ERHEEL ARTI 71 575 F4 M1 (35250N) i 4 54 K (a) 5 /AL 4 (KD,
(b) AHREFRM D (KD, (o) TEHETMR Y (K, HE), FHEEEE (Pas, FELD,
(d) FRERINATR Ty (KD SR, T8 R silXiaEE 0.05 (0.1) Kt K i) EAE K

KR R g5 BT 0.1t K556 BAS /K- 1K i

Fig.7 Composite differences(ARTI positive years minus ARTI negative years) in the (a) integral of local

temperature change(K), (b) integral of horizontal temperature advection(K), (c) integral of vertical

transport(K, shading), average vertical velocity(Pa/s, coutour), (d) integral of diabatic heating(K), in the

first 54 days of winter averaged along 35<=50N. Black(gray) dots denote regions where are significant at

the 0.05(0.1) confidence level by t test. horizontal wind fields are only shown significant at the 0.1
confidence level by t test

18



486

488

490

492

\ocallelmpchg Hlemlpadv Vlr‘ans maclhlg
K 8 ARTI IERH 45 ARTI fi 25 4E 850hPa Wl FF 46 (35-50N, 50-130F) X4, F-2JHi4 54
FARTE R AR . KPR R BT, AR BN (K) A RZEE

Fig.8 Composite differences(ARTI positive years minus ARTI negative years) of regional average in the

integral of local temperature change, horizontal temperature advection, vertical transport and diabatic
heating(K) in the first 54 days of winter at 850hPa in Mid-Ilatitude Asia
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