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Abstract Winter temperatures in East Asia have significant subseasonal oscillation, which have a profound impact
on people's production and life. Based on the reanalysis data of NCEP-NCAR during the period of 1980-2022, the
most typical temperature reversal events in winter of 42 years were found and analyzed in terms of their
characteristics and main influencing factors by using correlation analysis, power spectrum analysis, butterworth filter,
Plumb wave activity flux analysis and other statistical methods. The results show that: (1) In the winter of 42 years,
there are 21 typical "cold-to-warm" events (CTWE) and 6 "warm-to-cold" events (WTCE). In all events, the
temperature difference between the warm and cold period was more than 10°C. Besides, the temperature reversal
was observed over the whole region. (2) In all events, the geopotential height anomaly in 500hPa over the Ural
Mountains has a phase transition 2 days before the reversal of the East Asian temperature. During the WTCE, the
anomalous geopotential height of the Ural Mountains changes from negative to positive, 2 days later the temperature
anomaly in East Asia changes from warm to cold, and vice versa. (3) Further analysis reveals that during the WTCE,
the reversal of the anomalous geopotential height in the Ural Mountains region is closely related to the southern
center of North Atlantic oscillation (NAO). 35 days before the reversal of East Asia temperature, positive
geopotential height anomaly has been observed in the southern center of NAO in the stratosphere, then it propagates
downward to the troposphere and excites wave flux propagating eastward to the Ural Mountains region, further
leading to the anomalous geopotential height in Ural Mountains transition from negative to positive. However, the
CTWE is mainly related to the northern center of NAO. Negative geopotential height has existed in the norther
center of NAO in the stratosphere 30 days before the reversal of East Asian temperature anomaly. The 30-day leading
correlation coefficient between the geopotential height of NAO centers and the corresponding temperature anomaly
in different reversal events is as high as -0.8, exceeding 95% confidence level. Therefore, monitoring and prediction
of the geopotential height of NAO south and north centers in stratosphere will help us to predict the subseasonal

reversal of winter temperature in East Asia 30 days in advance.

Keywords: Winter temperature, Intraseasonal temperature oscillation, the Southern center and northern center of

NAO, Stratosphere
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AR AR S 8 A ke AR, A RS JE R H ARG, e 55l AEUA R
BURRIRHE S AW AR PRIV DIARSC (RESE, 20085 ZZLWIZE, 2023).
I, 0P AR P 2 2 Tk PR T Tl U AN R AT B R S, R AR R B R AN R R
R B IR

FELMEA RAFMMTI AT, BERET AT (12 H-R4E 2 5FE) SRR
o ZZERFHSIREA R ERREWFE (Wallace et al., 1996; Jhun and Lee, 2004;



FERNAESE, 20095 WIMESE, 20145 T —J0%%, 2014), (¥ LR BRI BB AR
T RS, A6 BB 1) AR A5 SO R P 6 % AR P A R0 o s PO B 5, T e AR A
2R N 2R 0 KRB IR AN 58 iy b2 vy R 3555 (Wang et al., 2010b). b4k, ZRIEHIX K
WITRR X, &SRR AR R IR K, 425 IR B B i 03 —— P A R I v e o ¥
S FEE (1 AR A B 4 R T v R A R P TR BE AR Ak CRI ISR, 2008 ISR, 2016). ENSO ([
I, 2002; Hondaetal., 2009; Chenetal., 2016). JbHEVK (M, 2018) ZE4himia A
¥, PLRCKRAIEBM G (JERTFIXI#E, 2013; Wangand Zhang, 2015; VE5°%%, 2017). T2
R MEHGIR (SSW) (Kidstonetal., 2015) & KN, EAILENEHFBRILAZFER
KA, BRI 2R ML A2 T3S

ST, LN SER B, BRI KRG 4B SRS A AEE W IE WL (Huetal., 2005;
BRI, 2006; ZF—Fe4%E, 2018; BIPHRIEEER, 2015: FHFHE%E, 2014, 2020; Li
etal, 2021; HEEMESE, 2021; FEFIFIPEBIAYE, 20215 Zhang et al., 2021; Zhong and Wu,
2022; Yuetal, 2022). LL2008-2009 FF&ZAM], B 14 T 11 -k 3 A HARK
PR Je BT EEPPIME, P LAE MG 2, AR R EE PP AR AAE 0 (HMTIE S, 2R
TAZAE AT A B v, 15 & fm SR A 6°CUA b, BT &FE & M KRR ZE Rk 10°CLL
b AT, EAFPEARIR S AUESBOM L MER T, SR RE HBUECK BT A A R
B, XSS A2 R R, BRI RemT . F3 (2014, 20200 S AF5H, FKEH
AR A B G AP LR, 58— B NAl 5 & FAREAS . 5 BSOS
K SOAHEAR , FERT G 2 SO AR A BRES T il J5 & Be AR AR 10 07 OF A E . A 2 F NN AR
P DX P 3 AR R AR A 5 BRI R e 26— AR AU Y S R % DIAEE (Hu et al,
2005; FRMAIIKZ, 2006; Z5—F4%%E, 2018; BUPHAIfAIRER, 2015). HIZOH (2021)
AR HHE ) LAk AR 2R N AR SRR S , AR T CE AT 20 A0 L I ) 5 . A T A
(2021) S¥E HAURMIZENT NARAE 1986 FHTER 7 B3, MAE 1986 4 J5 WIRILEIL Ty
HHE.
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Fig. 1 Daily temperature anomalies (bar, unit: ‘C) and the average of their cumulative anomalies (black dashed line,

unit: C) over East Asia(100°E-125°E, 20°N-50°N) from November 2008 to March 2009.

RO, FE— SRR Ay TR AR M X AR SR AT S5 A& AR SRR, FLAEBRAR A A M FE A
T A Z PRI AR, TR I 7 I si& s . SR, 22 500 &R AL AL IE AR ik
RN ARHIANPEBIAE (20210 A A -~FBEERIGHT . J5 &R AR 256 1558 R
53 % (Empirical Orthogonal Function, EOF) #iZs, 5 HEIIEM U S] (EU 2EAH 5D
FERT EAAAR A A, SEURZE AR & R R A ), 3ETTE R A S AH . Zhong
and Wu (2022) M HATA 11 4 L 12 7 Z8 W XAl 2 232 16 K78 PRI R AR S 52,
ME4 1 H 2 HACHRIG oK TR G S 500 RO KR E 23 PR T SR K AR,
HETT I8 B S AR - 2020-2021 R4 22 KA AR IR A IR F5 4. 4, Zhang etal. (2021)
TR AT AR E RS BRI ROE” B R, 2 “BRAbHR-V R R ) ) 3 3
TIEAR R R Yu et al. (2022) JURA I KRR Siig =l ¥ Wiz % 48 A5 AUl AR s 23 B
KAZFEFIWNHEY (Intraseasonal Oscillation, ISO) Zr&MMMFEMER A <. Beal, JbHERRL
LA T W 4 AR I R AR B S A ERAR IR AE A2 1 AE B R Me 1 2 5 00 =R 2= 775 A S| R AT
it (Maetal, 2018).

gr b, AT NCA RIERAR I X URAERT 54 SARAA, FRER T 2 Pl P Al
FASRBIFEIA N, A BOR S, XL TAE R Z T H BORHEE — M A THE R 2,
RS8R R o RSO I R AT, I HA R IR A — 8 K AEFERT &
(12 7)) a4 (2 ) ZIa). Bk, A0FF0REET28 B GORM & B 2R IR TE B TR (1 iR
JEE 2 1) MY, DN 2 M S T, IRAIEFEAR A2 RV L I TR 4 R IR
ZET N SOHBRAE, SRS ATRERI A ALE], JESHRASE R RIEE S, X ERELFESR
A T e 7047 =2 AR i SORI N FH A

2 BERERE
2.1 %k

AR S FE G A ORI D 5% PR B TR e /38 KA BE R G (NCEP-NCAR)
RROEMIKP R 2.5° X2.5° WARKRE P E TR, R EZAHE 2m R, 7
A EY, HEH T 1000—10hPa 7 = & . KMIAHE TR (Kalnay et al.,1996) .
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Fig. 2 Daily temperature anomalies (°C, bar) , 9-day moving average of the daily temperature anomalies (°C, pink
solid line) and its standard deviation (°C, black dashed line) over East Asia (100°E-125°E, 20°N-50°N) from
November 2020 to March 2021.
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Table. 1 The classification of winter temperature reversal events during 1980-2022
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Fig. 3 Daily temperature anomalies (°C, bar) , 9-day moving average daily temperature anomalies (°C, pink solid
line) and its standard deviation (°C, black dashed line) over East Asia (100°E-125°E, 20°N-50°N). (a) 1982-1983,
(b) 1985-1986, (c) 1991-1992, (d) 2004-2005, (e) 2006-2007, (f) 2013-2014



(d) warm-cold
-~

Cf ot ] K3 200N : RO K3
100°E 110°E 4 100°E 110°E 120°E

(c) cold-warm (d) cold-warm ___warm

50°N

4 RHXKZE “HRER” HIF (a,b) 5 “WHIR” HFh (e, d MWiR (a,d) Sk (b, o) MEBA
BRI o AT (AL °C)s
Fig. 4 Spatial distribution of temperature during warm (a, d) and cool (b, c¢) periods of WTCE and CTWE over

East Asia in winter (unit: °C).
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Fig. 5 Composite distribution of 500hPa geopotential height anomalies(unit :m) during WTCE from -10 day to the
reverse day, the green box marks the key area of Ural mountains blocking high, the dots indicate the region

significant at the 90% confidence level. (a) -10 day, (b) -8 day, (c) -6 day, (d) -4 day, (e) -2 day, (f) 0 day.
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Fig. 6 Same as Figure 5, but for the CTWE
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Fig. 7 Geopotential height (bar, unit: m) in key area of Ural mountains blocking high (60°E-90°E, 60°N-70°N)
and temperature anomalies (red line, unit : ‘C) over East Asia (100°E-125°E, 20°N-50°N) from 10 days before the

temperature reversal to 9 days after reversal, dot and shaded area are significant at the 90% confidence level. (a)

WTCE, (b) CTWE
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FEFE ) NAO Bk db% %5l (Arctic oscillation, AO) {5 53 LASEIL (Liangetal., 2022). £ “HE
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Fig. 8 500hPa potential height (shadow, unit :m) and Plumb wave flux (vector, unit : m?/s?) during WTCE, the
green box is the key area of the southern center of NAO (60°W-0° , 30°N-50°N). (a) -10 day, (b) -8 days, (c) -6
day, (d) -4 day, (e) -2 day, (f) 0 day
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Fig. 9 Time-height profile of potential height in two key area after 10-90 days of bandpass filtering from 20 days
before temperature reversal to 10 days after temperature reversal (unit :m). (a) key area of the southern center of
NAO( 60° W-0°, 30°N-50°N), (b) key area of the northern center of NAO( 20°W-40°E, 50°N-80°N ). The dot

area are significant at the 90% confidence level
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Fig. 10 Every 5 days average composite distribution of 10-100hPa 10-90d filtered geopotential height (unit :m)
during WTCE from -40 day to 0 day, the dot area is significant at the 90% confidence level. (a) -40 to -35 day, (b) -

35 to -30 day, (c) -30 to -25 day, (d) -25 to -20 day, (e) -20 to -15 day, (f) -15 to -10 day, (g) -10 to -5 day, (h) -5 to

0 day



(a)-10d

K11 R 8, ER “WRRERR” . SHEHEDY NAO Jbrh k8 X (20°W-40°E, 50°N-80°N)
Fig. 11 Same as Figure 8, but it is the CTWE. The green box is the key area of the northern center of NAO( 20°W-
40°E, 50°N-80°N)
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Fig. 12 Same as Figure 10, but it is the CTWE
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Fig. 13 Lag correlation between temperature (unit : ‘C) over East Asia (100°E-125°E, 20°N-50°N) and

stratospheric 10-100hPa potential height (unit :m) of key area, the star dot area is significant at the 95% confidence

level. (a) WTCE, the stratospheric key region is the corresponding region of NAO southern center (60°W-0°

30°N-50°N), (b) CTWE, the stratospheric key region is the corresponding region of NAO northern center (20°W-

40° E, 50°N-80°N)
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