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Abstract The relationship between spring sea surface temperature in the North Atlantic
and extreme cold event (ECE) frequency in eastern China at interannual timescale is
investigated in this paper. The results show that the North Atlantic tripolar SST mode
(NATSST) can significantly affect the first leading mode of ECE frequency in eastern
China after the late 1980s, but not before. Further mechanistic analysis suggests that
such an interdecadal change in the relationship between the two could be related to the
difference in the NATSST-excited wave trains before and after the late 1980s. In 1960-
1987, the NATSST-related wave train propagates from the North Atlantic to southern
Central Asia, which is located more southward and consequently has a weak influence
on atmospheric circulations and ECE in eastern China. However, in 1992-2019,
NATSST can excite two wave trains. The northern one is associated with the North
Atlantic Oscillation (NAO), which propagates eastward from the North Atlantic to
mid-high latitudes of Eurasia, resulting in anomalous cyclonic/anticyclonic circulation
in the Mongolian region. The southern one propagates eastward from the North
Atlantic to mid-low latitudes of Eurasia, leading to anomalous cyclonic/anticyclonic
circulation in southern-central China. These cyclonic/anticyclonic circulations are
favorable/unfavorable to the southward movement of cold air from middle and high
latitudes, and also change the surface heat flux in eastern China, consequently
providing favorable/unfavorable climate background conditions for the occurrence of
ECE. Through these physical processes, NATSST can significantly influence the
interannual variability of the frequency of spring ECE in eastern China after the late
1980s, but not before.
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BEE A BRRRE, IR X H SRR E R mas, Hit e H
AT D34 Ce.g., Karl et al., 1991; Alexander et al., 2006; Wang et al.,
2017; van der Walt and Fitchett, 2020). HIRABRARHE 2 FEA FAF L AR
D, HHFARERERFAARKE. M, FEN2LILLLSE, FE20asRmk
U AT . W1 2016 45 1, AL SEW R G E AR HLX, VP2 X
H SR AR I I3 AR AL, T M DB 2 1929 4F DISR 28 — IR [EI A FK (2544
&, 2018; Wik S, 2019); 2018 4F 4 H, HEHZ 7 3 IKVEHFE#EILRE,
FURIEYZ KT 1366.3 T AW, FHAR4aim 359.8 TAW, BHEZELTFHIEL
= i 237.1 1z Jt
(https://www.ndrc.gov.cn/fggz/jjyxtj/yigl/201805/t20180530_1197356.html?code=
&state=123 [2018-5-30]); 2020/21 )42, WimdHE4E G 28 7 Ak ek
SV HIX, JERURRER H B ARSI T 1967 4F LRI Bk, SEEE
5 T R BT T AR ST 23 S FT i T B 1908 AEAT 1905 4F RASK I H A
AlicFk (Zhang et al., 2021). [, fERERERAE =T, HEMmR{KRSF
A R A A B ) B RO 9 BT S R PR

I T AR ORISR IR A 58 5 A, TR DAAE 0 o A i 1R
HOFMOT A EERET AT, TEAFEW GRS 2 5 28R — 20>
fash CEBLEEBLE, 2003; Zhou et al., 2011; You et al., 2011; B ER7ZE, 2018;
FFRMEEE, 2019). Ak, £E 20 tH4l 80 FEARAIA, A E A AR i I I R 1 AT
W BMEAAR RS KA T EARPR D (RS, 2010; 454, 201D, &
AWFFEW, EARWXIE, ZRIW4AZEX (Chan and Li, 2004; FHE4HSE, 2013; Hu
etal., 2015; B K FKEE, 2021) ARIKHE (RIS 20060 AR S E (Zhang
et al., 2012; VE T FH%5, 2017; Ding et al., 2021; Zheng et al., 2021). A LW &= ¥4
W ChfRSE, 20200, BRIEPHZE s s (Z#E4%, 2012, 2018; Xie and Bueh, 2017)
SR I O X A O R IR A E SR RS, Y BRI R IR A T
RIS, eI BRI X AR R A o R T AR X )RR A
THhb, P2 RRERRMCH T, BIanvE K- FEEHE (Yang etal., 2019), KF
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FE-JESEEARR (Li et al,, 2021), JLR¥EsN/ALRVEHHS) (AO/NAO; 2EIE i Al
TR, 2003; #HEFZEE4R, 2008; Chen et al., 2013; You et al., 2013; Chen et al.,
2015; #7404, 2018), JL/RJETE/FE /75 (ENSO; Wang et al., 2000; Chen et
al., 2013; Chen et al., 2015) 55, 4 A] LI 5200 25 SV X RS S 5 2 17 5
L AR I 3 X & R IR A 1 AR

TERRBEREY K I ST, FR M ICRF A AT G i R
PR FNHEFERAESSEME, Wom GRS R AE NSRBI,
Sxof v [ A 2 A i I U S AR AR A R B 2 2 b I o AEARE T 42, HATER X
HE RN R A R TR . SRESRAE (20200 4341 TR A ML X B i
IRIRF SRR I AALHFAE, F5H 1961-2016 47525 [ 1 X MR i I IR 44 B 4k
IR, AHIT 10 4 E 2R S0 DX i (R S AR R SR EE R BT n . £
HP2% (2018) R ILFRZE M AL K T4 A 28 IRV K i F << 79 98 R0 3R i 45 4 A ) T
BRI X H IR LI B MR R A, T = AL A 45 4 HE I I iR
FREEI T R . A (2007) AFF 58 R I A AR Jbth X 5 2 A0 i 1 il A1 A
K5 AO FERZFFAC R MTMAIMAEE, FEE (2013) faHATIIA S
AO 575 Z5 Hu [B 7R3 AL 77 b XA st 1 I A4 2 A A AE 2 3 B A DG R

AER TG PEE T AR M H X f et X, 2% 1 DX 3 AR A T RE A ) 2 1
X B fige 7 AR BRI (e.g., Wang et al., 2001; Zhou et al., 2013; Ye et al., 2015;
Zhang and Sun, 2020). FKFEMARIEGE (2011 MBFFIEL, KUFEHICE
DXL R 5 AR AL X R (R A 2 WA — R R . fEA SO, ]
K33k — 2B R A6 K TG T ] 5 3 e DX W o T i 3 RS Z I 26 &
IR E Z (AARFR, FATRHE B HriXFhoe R e Hha e LA RERIHLA] .

2 W/ E

AR A s FOWIBRR B T B X AR E s 0 (http://data.cma.cn)
FROLRY 839 A G uliE H B ARIR FEE . A i) o [ AR X A 100°E BLAR (1)
FrE X o I SRR 2 R AR AR R R A, AR SCHIRR T 1960-2019
FHE (35 7D HEBMUREEEE SR 1% DRSS 2 R DL 5,
it R B SR P e H TR0 J5 PR BB HEAT B AR, B B T rp B R 3
HLIX ) 437 ANl s T AT, il R AT A B 1 R
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AL R SR Bkl H AR R)T KB JRA-55 (Japanese 55-
year Reanalysis Project; Kobayashi et al., 2015; Harada et al., 2016) 4 FRiZE F kS
BT gikl. JRA-55 KA BERNIZK P20 #4e 0 1.25°%1.25°, T H ) b
IrN37 ), REIRRS TR 1958 1. AT IR H R B (SST) #ls /&3¢
[ Hadley H 0o I F P43 35 2 %8Rl (HadISST, Rayner et al., 2003). %%
EHERIAT 1870 4F, K Po#isN 1ox1°,

ASCRH A ALEE RN IGR R, X B 3 A 20 H o9k H
U R B, BL3 H 20 HoAh O BRZi e 3 A 18~22 HitR
AR, 485 Hx60 4 (WU BN 1960~2019 ) (I F5; R )5, #
I )P A BT RS, KHES S PR A B 10 B A3 ALAE SE SORZ % H R
RIRPIERE, 25 10 A MERIHHE K H Bonsal et al. (2001) HJAESHM T %,
AR

M —0.31
= (D
N +0.38

X PAMER, ASCGEREEE AR PAEN 0.1; N N HBAREEF 51K
SACHE, A3y 5x60; M N P BRI HIFF S, THERTRI M Ry 30.348,
N T AR BIE, ASSCESE VRSP TS 30 131 B R AR E I E
TENiZul 3 H 20 H iR FH AR BRME SfE, HiZu 1960~2019 4 3 H 20
H& H AR S FoR RE ST LR, R H RIS T A, A 1%
HORAE T — R iR . ki, a7 DU 575 30 b [ AR S IX 437
NMEWRFERZE (3-5 ) MR SR AR .

AR T FBEAEF IR b, I IRATR A Butterworth mil JE a8, I8
TR AR RS B, ARE TN T 10 SER PR AR E R
TURWIE AT IE & 5 FHARMERE, SCHI AR BN 1965-2014 4. TESHT
FRACR TGRS Hh B AR SR o (R A A ST, FRATRA 745
EAZ o (EOF) J7ike ARSCHIAESE. [RIA S5 B A5 BEAS LR FH (12 Student’s t
g

TE 3BT KA G AL BERFAE R, RATHAE T T-N JE/EA @& (Takaya and
Nakamura, 2001), F /K7 [ A E @ &1 A W
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Fig.1 Spatial distribution of the 437 meteorological stations in eastern China.
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Fig. 2 The first leading modes of (a) the 10-year high-pass filtered extreme cold event frequency

in eastern China and (b) spring SST in the North Atlantic (0—60°N, 90°W-0°) over the period of

1965-2014, and (c) the corresponding standardized principle component time series (defined as

the ECE index and NATSST index, respectively). (d) The 21-year running correlations between

the ECE index and NATSST index over the period of 1965-2014. The horizontal coordinate of (d)



represents the starting year of the 21-year running correlations. The dashed line in (d) indicates
the 95% significance level.
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Fig. 3 Correlation coefficients of the 10-year high-pass filtered spring extreme cold event
frequency in eastern China with NATSST index over the period of (a) 1965-1987 and (b) 1992-
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1965-1987 and (d) 1992-2014. The black dotted areas represent the 95% confidence level.
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Fig. 4 Linear regression of 250 hPa meridional wind (contours; unit: m/s) against the NATSST

index and the related T-N wave activity flux (arrows; unit: m?/s?) during (a) 1965-1987 and (b)

1992-2014. The larger (smaller) dots in the black dotted areas represent the 95% (90%)

confidence level.
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K15 NATSSTHRE AN M JH1{11992-20144F-4 2 (a) 500 hPaX (Hik: #AL: m/s),
(b RE=&E GHf: i %), (o) FEEmEN GHf: 1A WmD, (D K
ST GG B Wm?), () HiREHA (EM; HA: Wm?), (f) 925 hPa-500 hPatk
BRI (A ACHRIE BRI (R A 107 hPa*K/s). (a) B IER
B Gk XRFRRIBIEILIS% (90%) MIEERL. (b) - () B HEEHT TR
K BN MERRIEIN95% (90%) MIEERL. (o) - () Elh#@E M LLN Fh
1E.

Fig. 5 Linear regression of spring (a) 500 hPa wind (arrows; unit: m/s), (b) low cloud cover
(shading; unit: %), (c) shortwave radiation (shading; unit: W/m?), (d) longwave radiation
(shading; unit: W/m?), (e) sensible heat flux (shading; unit: W/m?), (f) vertically integrated
temperature advection (including horizontal and vertical temperature advection) of 925 hPa-500
hPa (shading; unit: 10 hPa*K/s) against the NATSST index during 1992-2014. (a) Dark (light)
shading indicates anomalies are significant at the 95% (90%) confidence level. (b)-(f) The larger
(smaller) dots in the black dotted areas represent the 95% (90%) confidence level. (c)-(e) The
convention for surface heat fluxes is positive for downward flux.
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HIP2I 4], FHINATSSTHE % ml 5 1) 6 K U 4850 hPajsw# M. AILAE #,
EP2IT A, b R 7E v B2 2 SR AL AHNAORE A (Wallace and Gutzler,
1981; Barnston and Livezey, 1987; Hurrell, 1995) {4 [k 752 (El6b);
{BAEPLINT S, Ab RV e rh s B M X S AU EARATAE,  HJ2 iy 46 5 4l DX ) S
WA IEAEZE (Kléa), CAWFAEY, JLRAF=MMEERESS
NAOFFE R ZEHE R AR (Czaja and Frankignoul, 2002; Peng et al., 2002). A3
BRI, HZI R FE =R 3 5 A6 R 8 46 RS S 5 1
RAIGER, (HENAOKS I G K R NWAEP 1PN B 99 M /E P2 It 05 . O
Bt — L IAIENAO SNATSSTHI K &, ASCHHE T IX MR EUI214E 1 3K
nEe6chiR, HZENATSSTIRE 5 NAOTE I AH K REAE201H 2080 AR 2
AIARZE, HEZFNEZEGME, 19FEM23ERE IS RLBPL (B,
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Fig. 6 Linear regression of spring 850 hPa wind during (a) 1965-1987 and (b) 1992-2014 against
the NATSST index (arrows; unit: m/s). Dark (light) shading indicates anomalies are significant at
the 95% (90%) confidence level. A and C indicate anomalous anticyclones and cyclones,
respectively. (c) The 21-year running correlations between the NATSST index and NAO index
over the period of 1965-2014. The horizontal coordinate of (c) represents the starting year of the
21-year running correlations. The dashed line in (c) indicates the 95% significance level.
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Fig. 7 (a) Linear regression of 250 hPa meridional wind (contours; unit: m/s) against the spring
negative NAO index and the related T-N wave activity flux (arrows; unit: m?/s?) during 1992-
2014. (b) Linear regression of 250 hPa meridional wind (contours; unit: m/s) against the NATSST
index after linearly removing the NAO signal and the related T-N wave activity flux (arrows;
unit: m?/s?) during 1992-2014. The larger (smaller) dots in the black dotted areas represent the
95% (90%) confidence level.
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Fig. 8 Correlation coefficients of extreme cold event frequency in eastern China with (a) the
spring negative NAO index and (b) the NATSST index after linearly removing the NAO signal

during 1992-2014. The black dotted areas represent the 95% confidence level.
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Fig. 9 Interdecadal differences of the spring 250 hPa zonal wind (shading; unit: m/s) between
1992-2014 and 1965-1987 and linear regression of 250 hPa meridional wind against the spring
NATSST index during 1992-2014 (contour; unit: m/s). The larger (smaller) dots in the black
dotted areas represent the interdecadal differences of 250 hPa zonal wind are significant at the
95% (90%) confidence level.
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