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Abstract: Based on daily temperature data in winter, the relationship between number of extreme low tem-
perature (NELT) and Arctic Oscillation (AO) in Beijing-Tianjin-Hebei Region in winter is analyzed, the
AO-related interdecadal atmospheric circulation anomalies in late winter (February) is explored. The re-
sults show that NELT in winter in Beijing-Tianjin-Hebei Region has been decreasing since 1961. The cor-
relation is weakening between NELT and AO after the middle 1980s compared to that before the middle
1980s, but strengthening in early winter, and that remains weak in late winter after early 2000s. Further-
more, the interdecadal variation in the relationship between NELT and AQO in late winter in Beijing-Tian-
jin-Hebei Region is largely attributed to the AO-related atmospheric circulation anomalies under different
interdecadal backgrounds. When significant correlation exists between NELT and AO, through impacting

the Siberian high, Aleutian low, Ural blocking high and East Asian trough, a positive AO phase is associated
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with less frequency of extreme low temperature, and vice versa. In contrast, AO displays a more zonal

symmetry structure, and the climate circulation system in mid-high latitudes is weak, which confines the

influence of winter AO on NELT and leads to an insignificant late winter AO-NELT relationship.
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Fig.1 (a) Normalized NELT and the mean temperature, (b) M-K analysis curves of NELT

in winter in Beijing-Tianjin-Hebei Region during 1961 —2020

(In Fig. la, the red and black dashed lines represent the linear trends of

NELT and the mean temperature during 1961 —2020, respectively; the blue dashed line represents linear trend of NELT

during 1987—2020; the purple solid lines represent normalized NELT averaged during 1961 —1986 and 1987—2020,

respectively; in Fig. 1b, straight line indicates the significance level of 0. 05 bounds)
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Fig. 2 Spatial distribution of correlation coefficients
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between NELT and AO index in winter in
Beijing-Tianjin-Hebei Region during 1961 —2020
(Light and dark grey areas represent having passed the

significance test at levels of 0. 05 and 0. 01, respectively)
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Fig. 4 Spatial distributions of correlation coefficients between NELT and AO
index in February (a) 1966—1986, (b) 1990—2010

(In Fig. 4a, light and dark grey areas indicate having passed the significance test at levels of 0. 05 and 0. 01, respectively)
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the significance test at levels of 0. 05 and 0. 01, respectively)
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Fig. 6

Sea level pressure (shaded) and 1000 hPa wind (vector, unit: m s ')

regressed on AO index in February (a) 1966—1986 and (b) 1990—2010

(Red dots indicate having passed the significance test at 0. 05 level, same as below)
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Fig. 7 Same as Fig. 6, but for the 500 hPa geopotential height regressed on AO index
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Fig. 8 Same as Fig. 6, but for the 200 hPa zonal wind velocity regressed on AO index



LR

B D A U TR AR AR R -5 A T Sl AT O P AR X PR s 5 425

1 ghigie

TR X 19612020 4 F% H F-1
S AO F8EF NCEP/NCAR KA 3 3 7 43 H1 4L
P AT T Rt L M XA R A IR TR H £k TR
AO $8 B M 0 B 23 73 A5 RRAE T X E 4 (2 AR
ui A H S AO AH 56 1 AR Br A2 Ak B H AT B A
HPEAT TRV Bl T EEE L.

(1)1961 4F Do 5 HE 3 i [X 4 2 1 it MG Ui H 2K
SR LI 1 R 1987 AE T IR K AE T I 2 B i
D FRAR 5 A TR AR R A A - TR A T T
20 th4g 80 AFEARAH] 90 4EAHF LB Be s . 21 it
74 00 FERATF IR X I mta s, 4FZKAZ
H,2 A ks % i HLAE 2000 AEDLG A
HE BB )

(2) B HEFE A i IRTR H 20 S AO 850 a Ik
SRR O, L A FE A SR AT T A T AL L XA O
PG TR TR X 21 28 00 4R 4R M 6 6 &
FEHT 4 G & A0 3 25 55 AT A H T ot L Jig &4

(O IEIUE A (2 A Wik B 4S5 AO 4545
AH G PE e B 25 7 1966—1986 41 B B Rl Je AS B8 35 119
1990—2010 4EBF B % AO 8% 17 15 1 K A 7
PEATXT A3 A s B 1966—1986 4 B Bt , AO IE A
AR o X6 308 J2 AV J2 PG A1 R IV 2 R o] B3 R i 55
SO Z AR KU R SR )2 R S R R L
BHL € i R ZR A9 i 555 XoF 9 )2 10 2 AR 20 3T Uk
553 TR A S T3 R & X 28 KSR i R AE 38 A ) T8
23 S ) AR b X, 5 O o AIKE H R D . AO
B AR I 26 3 A S i) AR ARAE . 1990—2010
AR B v R RS 1A W BRI AE B B P A S
iR E AR RS . PG A R I = L B R A L 1
IR L BHLZE /85 s AR S A R IR A e AO i Bz 1R
B i DA B2 AO 55 45 i 1% 16 F 25000 4 G 2 sk
55,

AR AL R NS B 5 B0 A BR AR R R R
GENTR AR RIS R (T —ILME S %,
2016) , HUHERE AL 28 [ 45 H Mo IR TR H 3R AR B0
U0 1 e 2 A S W A A5 2R i EL R
XSG A& M TTER P RE K THTA . BR AO Fb. 5 4
Ze i i AR 1 7 38 A AR 22 6 AR DK L s TR AR
I P I IR A L B 9T 2R BT AU AR B R R0 AT g

2 BT AR R RO K Jii A 2 AR T A 26 K A i) 3 22 it
Az —(Liu et al,2012;Ma et al,2018; 2= JE FI 24K
520195 AR . 2019 5 255 BRAIBRE 1L, 2021) , K
SIS B B DA O A R B A
ZFAERAFE (2008) 45 Y 2008 4R 3K [ 1w 7 19 AIK i T &
UKUR I B2 5 2 R R G A A 5% Chen
et al(2013) WFFE F W] ENSO 1 AO Xf 4 W & %K,
i S B s e S B AR M A BN . AR S
1961—2020 4F4 2% Nino3. 4 $8 % . IOBW #5§%k .10D
T8 BRI 2B ) DX T U 98 00 i AR 3R O PV L G
EEEVEANVG A6 R U R BEIR O . 5 2 ) R AR
T H OB ) L BR 2 ke 5 L SR DG &R BORH A
KARB K 4 A48 B AR 5 R BOR i AH 5
RBAFIEIIAE 0.13 DUR i 2 A MR iR B80S
AO T8 E ) HH 5& 2 BRI AH O¢ 2 804y 31 —0. 30
Fl—0.31, @t 1 0. 05 A i F MK ER T, R
AO i Xof W 1 R S I S 2 5 B0UE & I iR H
5 AO MHXHEFERRBMMHEERRE, 5584
AL GE T Sk o0 7 T J5 4 AO X IR H £k
AR AR B 5 0, 340 7 MBI A5E 400 12 4 0 i A2 Ak
(19 Py BRI A T2 W7 534

2% Uk

T 1L, £, 2016, 3T F 4F o [ AL A B4 RSB T .
Bl @z .61(10):1029-1041. Ding Y H,Wang H J.2016. New-
ly acquired knowledge on the scientific issues related to climate
change over the recent 100 years in China[ J]. Chin Sci Bull,61
(10):1029-1041(in Chinese).

5 s R 38 » B/ T, 455 2008, 2008 AR 1 3 [ I Bl 3R R 25 ok
RICHE A L. A 43 A )] A%, 34(4):101-106. Gao H.
Chen L J,Jia X L,et al,2008. Analysis of the severe cold surge,
ice-snow and frozen disasters in South China during January
2008 [l . Possible climatic causes[ ] ]. Meteor Mon, 34 (4):101-
106 (in Chinese).

JRIE Ui, £ 41K, 2003, U T AR AL ¥ B b I A R S R LT .
i 23R .58 (4) : 559-568. Gong D Y, Wang S W, 2003. Influ-
ence of Arctic Oscillation on winter climate over Chinal[ J]. Acta
Geogra Sin,58(4) :559-568(in Chinese).

B AL E AR, 2011, 3 100 4F K HF 2 A0R 5 Hom R 2 L
(1. ¥ 54 .30(5) :1399-1405. Guo J.Ren G Y, Ren Y.2011.
Changes of mean and extreme temperatures in Tianjin in recent
100 years[J]. Plateau Meteor,30(5) :1399-1405(in Chinese).

MG 2R I, A, 2005, P EE T X T 50 4Rk AR AR fb R AE
MWL ]. B RE 2% L 25 (4) 1 448-454. Guo Z M, Miao Q L, Li
X,2005. Variation characteristics of temperature over northern
China in recent 50 years[J]. Sci Geogra Sin,25(4) ;448-454 (in
Chinese).



426 A

% 548 %

T LL Wi L, THES A, 2018, & b KGR 3 5 AL 7 B AR
TRAH A B AR R PR L LT ] RARE 2, 42(2) . 239-250. Han F
H,Chen H S,Ma H D, 2018. Interdecadal variation in the rela-
tionship between North Atlantic Oscillation and extreme low
temperature over northern China in winter[ J]. Chin J Atmos
Sci,42(2) :239-250(in Chinese).

a7 5 A 43 96 » 2003, & Z= AU W 3 2l ALAE b & ZF SO AR 16O R BF 5T
(] MR R¥BE¥R,26(1 :1-7. He C,He ] H,2003. Rela-
tion between Arctic Oscillation and North China air temperature
in winter[ J]. ] Nanjing Inst Meteor,26(1) ;1-7(in Chinese).

A K = 2006, HE AR AL B AERFSE LT ] A5
4 ,64(5):614-621. Huang J Y.Hu Y Y,2006. Trends of winter
temperatures in Chinal[J]. Acta Meteor Sin, 64 (5):614-621 (in
Chinese).

Tt AT AT B R 2004, JEAR R S A AR AL o0 7R 0 L R A =
SRR A L], B R4, 23(4):429-434. Ju ] H.Ren ]
Z,Li J M,2004. Effect of interdecadal variation of Arctic Oscil-
lation on temperature increasing in north of East Asian winter
[J]. Plateau Meteor,23(4) :429-434(in Chinese).

LU s Ep L JE K, 45,2007, A6 & SR AR X 5t 5 0 bt
[J]. "% FH45.35(2):198-203. Kong F C,Shi Y S, You F C,
et al,2007. Variation of winter air temperature in North China
and physical background[]J]. Meteor Sci Technol, 35(2):198-
203(in Chinese).

AL N L A L 2008. v [ R 7 I UK R SRR AR LY 4 B
(1. S S FEEM T, 13(2):113-122. Li C Y, Yang H,Gu W,
2008. Cause of severe weather with cold air, freezing rain and
snow over South China in January 2008[J]. Climatic Environ
Res,13(2):113-122(in Chinese).

2L I 2019, 2 ZRIROE R Bl 5 AT KR 5 AU AR M 18R = 1) AT
AEE AT, U4 ,45(3):345-361. Li S, Wu B Y, 2019. Possible
connection between Arctic warming and Eurasia winter prevail-
ing weather patterns[J]. Meteor Mon, 45 (3):345-361 (in Chi-
nese).

AUt AR BRI L 55 2013, RE A AR 55 W H F 56 R 4R
RBRAEAR LT ], B AR ¥ . 24 (4):385-396. Li W J, Li Y,
Chen L J,et al,2013. Inter-decadal variability of the relationship
between winter temperature in China and its impact factors[J].
J Appl Meteor Sci,24(4) :385-396(in Chinese).

AH B DRI 1L, 2021, A 2 7 U i 205 R A o RO S 1 5 AR S
T S5 0 38 R 11 56 R B Ik R ML [T . R AR L 45 (4) £ 889-900.
LiY X, Chen H S,2021. The relationship between winter ex-
tremely low temperature events in mid-latitude asia and abnor-
mal warming over Barents-Kara Seas and associated mechanism
[J]. Chin J Atmos Sci,45(4) :889-900(in Chinese).

PRI T 0 B L 45,2014, 3T 50 4F H E K A TR IR RN X R
LA BRI FE [T ], KR4, 38(5): 974-992. Liang S
Ding Y H, Zhao N, et al, 2014. Analysis of the interdecadal
changes of the wintertime surface air temperature over mainland
China and regional atmospheric circulation characteristics during

1960—2013[J]. Chin ] Atmos Sci,38(5):974-992(in Chinese).

RN B, T 3, 2019, dUAR I 3 TR T AU = A I A %
A2 A0S e Hb XA BT SE (T ], Bk i B 2F 4, 62(1) : 19-31. Liang S
J+Zhao N,Ding Y H,2019. Dominant trajectories and influenced
regions of the near-surface cold air in the Arctic during positive
and negative AO/NAM events[ ] ]. Chin J Geophys,62(1):19-
31(in Chinese).

VEF25 . 3853, 2010 RAAFERPRE T A0 5&FdE Rl
MR, KR 22 4], 33 (4) £ 469-476. Pang Z Q, Guo P
W,2010. Interdecadal variation of relationship between AO and
winter temperature interannual variability in Northeast China
[J]. Trans Atmos Sci,33(4) :469-476(in Chinese).

BT R I e L B bR L 45,2021, o [ A 2N 2N P S SRR AE K
AL K% . 47(3):327-336. Shen H Y, Wen T T.Feng
G L, et al, 2021. Characteristics and circulation analysis of in-
traseasonal variability of winter temperature in China[ J]. Meteor
Mon,47(3) :327-336(in Chinese).

AR DR AA . E WIS L 45,2016, 2015/2016 4F & =AU AR 3 3 = G
s R Hoxb R E AR AL ]. K% .42(7):892-897. Si D.Ma L
J.Wang P L,et al,2016. Anomalous activity of Arctic Oscilla-
tion in winter 2015/2016 and its impact on temperature in China
[J]. Meteor Mon,42(7) :892-897(in Chinese).

M 2L B MGAR L 4, 2019, & 2SR B AR fb R AE B H X
O FR S IR, SR 2R 77(5) :885-897. Sun J,Li D
L,Shao P C, et al, 2019. Inter-monthly variation of winter air
temperature in China and its relation with atmospheric circula-
tion anomalies[ J]. Acta Meteor Sin, 77 (5): 885-897 (in Chi-
nese).

WA 2R G 5RO 4R 48, 2016, 2012/2013 4F 4 Z o[BS 5 5
HrL)]. R B2 ,39(3) :361-369. Tan J,Cai Y,Zhang H
D,et al, 2016. Analysis of the cause of the 2012/2013 winter
temperature anomaly in China[J]. Trans Atmos Sci,39(3):361-
369(in Chinese).

FWRIE L FEENR AT 45,2013, 3T 50 4F v [ X 48 4 A o A IR T 1R
BRI B A R AIE X L A3 AT ST LT ). AR AR 71(6) 1061~
1073. Wang X J,Gong Z Q,Shen B Z,et al,2013. A comparative
study of the climatic characteristics of the periods of frequent
occurrence of the regional extreme low temperature events in
China in the recent 50 years[J]. Acta Meteor Sin,71(6):1061-
1073(in Chinese).

& Hi MR BRAGR L 45 2014, 3R [F AT A G A SR AF B S A6 9 45 E
S5ERLT]. KAPB,38(3):524-536. Wei W, Wang L,Chen Q
L,et al, 2014. Interannual variations of early and late winter
temperatures in China and their linkage[J]. Chin J Atmos Sci.
38(3):524-536(in Chinese).

T Hi MR BRALSE L 452020, 3R [T A RS A 19 R4 B AR 19 48
B 5007, KRk . 44(1) :122-137. Wei W, Wang L, Chen Q
L,et al,2020. Definition of early and late winter and associated
interannual variations of surface air temperature in Chinal[ J].
Chin J Atmos Sci,44(1) :122-137(in Chinese).

B L2019, 2012 4F 1 J . 2016 4F 1 Z< S0 P R A i 1 2 4R S
AU R T eIk R LT KRB # %R, 42(1) :14-27. Wu B



LR

B D A U TR AR AR R -5 A T Sl AT O P AR X PR s 5 427

Y,2019. Two extremely cold events in East Asia in January of
2012 and 2016 and their possible associations with Arctic war-
ming[ J]. Trans Atmos Sci,42(1):14-27(in Chinese).

BRI KR £ R S¢, 2018. 1961~ 2014 4 rf [5] 4- 2 A i 1% I A2
TEABAE S AT ] A S5 3R BB 5%, 23(4) 1 429-441. Xie X Y, You
Q L,Wang Y X,2018. Changes in extreme low temperature in
China in the winters from 1961 to 2014 [ J]. Climatic Environ
Res,23(4):429-441(in Chinese).

R THE AR 2F. 2021, 2021 4 1 R AR ML
R ,47(4):510-516. Xu R, Jiang Q,Gui H L, et al,2021. Analy-
sis of the January 2021 atmospheric circulation and weather[]].
Meteor Mon,47(4) :510-516(in Chinese).

WA ARG, 2013, WU 205 4 2 UMY OC R BH o [ A 1Y
W) A 2EW . 71(3):429-439. Yao H R, Li D L,2013a.
The relationship between Asian jets and the winter monsoon
and their impact on climate in China[ J]. Acta Meteor Sin, 71
(3):429-439(in Chinese).

Wk, AR TR, 2013b. 2R R BV 200 1 A5 TE] 45 AL B H 5 i [ A
FAWM R R] RAR,37(4):881-890. Yao H R.Li D L,
2013b. Spatial structure of East Asia subtropical jet stream and
its relation with winter air temperature in China[ J]. Chin J At-
mos Sci,37(4) :881-890(in Chinese).

T A5 R AL, 55,2019, 2016 4F 1 RUHESE b X % 22 1 €]
e AR, T 5% .37(6):954-963. Yu B, Li S, Huang F
X, et al, 2019. Comparative analysis of continuous cold wave
events in Beijing-Tianjin-Hebei Region in January 2016 [J]. J
Arid Meteor,37(6) :954-963(in Chinese).

AR FRE L2019, 2018/2019 AF 4 Zr b o BR R TR L 4 I B4 3K (5]
RESFSEHEHEWEI]. A 4,45(7):1019-1027. Zhi R, Gao
H,2019. Northern Hemisphere atmospheric circulation charac-
teristics in winter 2018/2019 and its impact on temperature
anomalies in China[J]. Meteor Mon.,45(7):1019-1027 (in Chi-
nese).

REEHR MR B . A 48 30, 45, 2000, KA EJF BN ¥ 58 4 iR[M.
bt A% W Ht. Zhu Q G, Lin J R, Shou S W, et al, 2000.
Principles and Methods of Meteorology [ M ]. 4th ed. Beijing:
China Meteorological Press(in Chinese).

Chen S F,Chen W, Wei K,2013. Recent trends in winter temperature
extremes in eastern China and their relationship with the Arctic
Oscillation and ENSO[J]. Adv Atmos Sci,30(6):1712-1724.

Chen S F,Song L Y,2019. Recent strengthened impact of the winter
Arctic Oscillation on the Southeast Asian surface air tempera-

ture variation[ ] ]. Atmos,10(4) :164.

Chen W,Lan X Q,Wang L,et al,2013. The combined effects of the
ENSO and the Arctic Oscillation on the winter climate anoma-
lies in East Asia[ J]. Chin Sci Bull,58(12) :1355-1362.

Ding T, Gao H, Li X, 2021. Increasing occurrence of extreme cold
surges in North China during the recent global warming slow-
down and the possible linkage to the extreme pressure rises over
Siberia[ J]. Atmos Res,248:105198.

Ding T,Gao H, Yuan Y,2020. Pre-signal and influencing sources of
the extreme cold surges at the Beijing 2022 winter olympic com-
petition zones[ J]. Atmos,11(5) :436.

Gong H N,Wang L,Chen W,2019. Multidecadal changes in the in-
fluence of the Arctic Oscillation on the East Asian surface air
temperature in boreal winter[]J]. Atmos,10(12) :757.

He S P,Gao Y Q. Li F,et al. ,2017. Impact of arctic oscillation on
the East Asian climate:a review[ ] ]. Earth-Sci Rev,164:48-62.

Johnson N C,Xie S P,Kosaka Y,et al,2018. Increasing occurrence of
cold and warm extremes during the recent global warming slow-
down[J]. Nat Commun,9(1):1724.

Li F,Wang HJ,Gao Y Q,2014. On the strengthened relationship be-
tween the East Asian winter monsoon and Arctic Oscillation: a
comparison of 1950-70 and 1983-2012[J]. J Climate, 27 (13) .
5075-5091.

LiuJ P,Curry J] A,Wang H J.,et al,2012. Impact of declining Arctic
sea ice on winter snowfall[J]. Proc Natl Acad Sci USA, 109
(11):4074-4079.

Luo X,Wang B,2017. How predictable is the winter extremely cold
days over temperate East Asia? [J]. Climate Dyn, 48 (7/8):
2557-2568.

Ma S M,Zhu C W, Liu B Q,et al,2018. Polarized response of East
Asian winter temperature extremes in the era of arctic warming
[J].J Climate,31(14) :5543-5557.

Thompson D W J, Wallace ] M, 1998. The Arctic oscillation signa-
ture in the wintertime geopotential height and temperature fields
[J]. Geophys Res Lett,25(9) :1297-1300.

Thompson D W J, Wallace ] M, 2000. Annular modes in the extrat-
ropical circulation. Part | : month-to-month variability [J]. J
Climate,13(5) :1000-1016.

Trenberth K E, Fasullo J T, Branstator G, et al,2014. Seasonal as-
pects of the recent pause in surface warming[ J]. Nat Climate
Change,4(10):911-916.

Wang J, Yu C W, 2019. Beijing 2022 Weather Report[ M]. Beijing:

China Meteorological Press.

CRCTE % : £



