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Abstract: Based on the observational datasets from National Meteorological Information Centre, and
NCEP/NCAR reanalysis data, characteristics of spatio-temporal distribution of climate anomalies in the
winter of 2023/2024 and possible causes and mechanisms are analyzed. During the 2023/2024 winter, aver-
age temperature in China was 0. 3'C higher than climatology. The fluctuation of temperature was signifi-
cant, with an intra-seasonal variation feature of being warmer in the early winter but colder in the late win-
ter. Average precipitation was more than normal by 19. 8%, and most parts of central and eastern China

received more precipitation above normal. The power of East Asian winter monsoon and the intensity of
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Siberian high were near the normal values, and the East Asian trough was in a weakened condition. 500 hPa
geopotential height in the middle and high latitudes of Eurasia was low in the west but high in the east,
featured with significant intra-seasonal fluctuation. Zonal atmospheric circulation prevailed in December
2023 and January 2024, and then it turned into abnormal meridional patterns in February 2024, which was
favorable for the southward invasion of cold air in middle and high latitudes into China. In response to the
synergistic effect of El Nifio mature phase, warm tropical Indian Ocean and Atlantic Ocean, cold phase of
Pacific interdecadal oscillation, an anomalous anticyclone was formed in the western North Pacific, being
active over the Philippines and the South China Sea in stages. Western Pacific subtropical high intensified
and extended westward. A Rossby wave train propagated along westerly jet in the upper troposphere,
which was beneficial for the water vapor transport into central and eastern China. Finally, the confluence
of this warm-moist air and the southward cold air from the middle and high latitudes led to the frequent
snow and rain processes in the central and eastern parts of China.
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variation

5 "

AR 2 25 A b 2 BR A R B0 BRI AR &R
Gz — 0 P E G 2R A AR XA A T S
HHEEZMCT—C,2013; T —C%,2014) . KL
225 XUt 548 P 9 1 R I g s AR B] B RRARR F fl AR
PR TR % U 2 i 2 AT T XA N 5 L 51
e Ml ¥e 25 U T 5 I I B i 9 e i LA A Y R AR
o3 ML X AR A 2 S BOM o KU SR R A T
Bl SR L AR R A5 (S HL 20, 19945 5 8, 2007 5 Bk
WAEL,2013),

RIA 2 MR G032 3 2 7 19 52 mal A il Bk
A IR | B RE P R R Y R 9B e 5 LA B AR TE DK
AR S APk 38 5 5 o U0 A0 35 A% W I BHL 28 & )
PRI N (5 1A= S SN N e a1 i = G Y
(RN NI R F |- NG V2 8 5 S o L [
IR JEWi-RE 75 ¥ 5 CENSO) E il o /< R 4 2 4
FAE PR RUBE 0 B i A7 5 o X AR W2 4 23 R 3R [ & 2
SfEA B FH 5 W (Li, 1989; Webster and Yang,
1992 B WAL, 20015 B 3C, 20025 i 35 5 A 3K IR =
2012; 7% 4, 2014; Ma and Chen,2023; Liu et al,
2024) . AEJEIRJE WS L PU AL R b 25 0 R A
J2 BEAT R S P AR T R LA O e XU
HE IR A& F MR A 55 (Zhang et al, 1996
Wang et al,2000;Liu et al,2013; Kim et al,2017),
75— T3 T ENSO X 7R 21 4 2= KA 52 Wi 14 32 21 46 K

-7 AR AR bR ¥ 3 (PDO) #K 74 7 £ 4E 40 bR ¥ 30
(AMO) 2Ry HIE . 72 PDO A AH A AMO JE
PEAHAFE DY s ENSO X 2R W 4 7 X B 52 000 38 5 58 4 i
Z (Wang et al,2008;Geng et al,2017;Shi,2021),
PDO 7 20 {4 70 4EAX dy 5 AL AREE S TEALAH . ENSO
R4 ZE X R RW AT T HF PR 55 (Wang
and He,2012), ItAh, ENSO X 4 W 4 2 X5 ) 114
W55 38 T AR ENSO 25 (8] B 25 i 3 A2, B 21 22
PR v &8 L JE /R Je v 3 1F W R 1 2 47 56 (Feng
et al,2010;]Jia et al,2020; Cai et al,2021; Shin et al,
2022) . KA ZEAUARIE oK A6 VG VIR R S AN R
AR5 B Y T e DR ARUTE A O S 5 AT IR
F G0 U AR S X6 2R T A 2 AR B [ A fs A
B2 (Wu et al, 2015 ; 2522 48 Fl il % , 2010 ; Chen
et al,2019),

Bt 4 R 0% T ] A% 2 o 1R IR A A 5 k2D
B AH T AR TR S v A Y AR A AR A
B B0 G R e LA A gl B 1 7 A AR
Uiy FE VA o A 2 A TN ) R AL B 2 A RT3 O
AT A O [ 5 A0 o A AR S T R A R A S i
FRAE 73 B RS 12 W AR (3 MR A5 1, 20225 2%
A E K, 2023) , A SCEIET T 2023/2024 4F 4 2
SR R IK S O AT AR RS 2 R B AR
27 A T AU AR B8R 2R AU R R R
fiE s PL K ENSO 4§ 8b5i 38 R /9 # B2 3547 A
Fr LAIE 7R 2023/2024 48 4 F= S M 5 % 1Y TE UHL
il s Ay B T3 ] A = e U A AR PR S



&7

TR AR 2023/2024 AR L Z b A BROCAUFR L HRAE SO 3 151 K00 A ) 2 ) 889

1 BORL AT

A SCAE FBERE [ KGR B O e 4 0 o [
M AR SR HAEREE” AP E 2400 240
REMTE TG0 1951 4F LUK A2 H A R B K
WL B F 2 4845, 2012) , 3 F & H 30811315
F) 326 7R Z 57 B8R s KR T B R B 3
FE 52 B0 1 4% P 0 (NCEP) F [/ %2 K SWF 58 o0
(NCAR) (Kalnay et al, 1996) , 7K ¥ 43 B3R Ny 2. 5° X
2.5 M E N 17 2 REERERES KRE RN
(NOAA) & fii 1 4 K 5 {0 4 5 2 7 R 5% R
(Reynolds et al, 2017), 7K 43 # K hy 0. 25° X
0.25°%,

A SR T AR . 2 2 RV JiE 46 H00E S (25° ~
35°N,80°~120°E) 5 (50°~60°N,80°~120°E) {i [
N 500 hPa £f [a] KT 24 {8 19 25 {8 I X 22 (6 347 45
HEAL AL P CRHE %, 2008) . PG 471 1) IV 35 1 38 55 45 %X
FE SR (40°~60°N,80°~120°E) i il P ¥ °F- i < &
(4 TE R IASCF- 448 . PG ORI o 2% 30 R E 48 E5CR F X1
IR (2012) 7 XHIFEHR .

SCHER A U A it 48 B [ KA o I R
B S 5 S AL A R T T R G2 R K
W VAR R G A . AN TC R B RA L SO 4 R4 T —
412 H Y448 2 H .40 2023/2024 4E & ZE N 2023
AE 12 H & 2024 4 2 H . SRR AE(E N 1991
2020 AFEHF3IMA

2 2023/2024 A2 Z I E TR R R
ik

2.1 FERET

2023/2024 A& 2, S E S — 2. 8C,
AR (=3, 1C) R 0.3C (8 1a), N4 H
AR MBE P E R R B RIERT N E TR
VAR AR L L A b G XA R R A 0. 5~
2.0C, Hp NN R R AR AIK 2~4C 5 & 3L
A R by DX AR 42 G AT B0 L G o A R P R
T HB . 7Y R M X R R B g P R A M e 1 ~4C
(J 1b),

2023/2024 A Z S A R K B 2 3R A
WE 5 208 7 IR N ARE . £ 3 M A AR

AP AR5 —2.7,—3.8 fl —3.9C, Hp
2023 4F 12 M 2024 45 1 J 43 5048 6 4F 5] 39 A o
0.3CAHI1.0C,2 ARAE 0. 9C, M2l 4% &,
2023 A 12 1, 3R [ A B b X BE T 2 A6 ARG
e 7o AT PG FR DX U = R 3 (B 22) 52024 4E 1 H
I3 VG e e DX VG S G v AR S A R R A [
AR A1 » 4 [ LAy R b X A3 W 5 M 5 (&1 2b) 5 2
J3 4 [ R Ml DX e S B AR R A (BT 200, 4
FE] S 349 03 T B sl R R AR AR R (B 2d) . &
AR ,2023 4F 12 A B AF¥ A =2, 9C L HE
2, 1961 45 LUK s [R5 — v s vh i) A2 8 i R
iy S 2 AR R AR 2. 1°C 52024 4F 1 A o A) i &
3.0C, Pl AEE w1l A P E 2 H EAAR
TP B 2 AR AR AR A 2 3 P R R R 2. 3°C
A R RAR 3.4 C. EA 274 N E R R L U
H B AR A 3 30 A% o S 74 100 00 A o v L 2
(—33.2C) NZEH K F(—32.4CHEE 15 - ul =M%
MM R, SEA 265 NEFRRAR G0 H BEE
WRg B 3k 30 B o S PR WO AR o P H R 52 1L
(20. 1°C) B K 1L K VPG H (20. 1°CHEE 44 Ao 52 1%
4 1l 7 AR AE (X 45 . 2024)

@

72 L
O -3 . nv AAAVA A AA“/\'f
- VTV
v -5F

76 L

=Tr o JHAE — 1991—20204F -4

1961 1971 1981 1991 2001 2011 2021
£

(b) Y

==l GS(2019)17865
er | HEBIR 1 5 20 000 000

K1 (a)1961/1962—2023/2024 4E4 2=
42 [ B SR AR AL, (b)2023/2024 4
225 A [ P 1 R B P 23 A
Fig.1 (a) Interannual variation of mean temperature

over China from 1961/1962 winter to 2023/
2024 winter and (b) spatial distribution of

mean temperature anomaly over China

in the 2023/2024 winter



890

A

(a) 20234E12H

=2 | i[5 :GS(2019)1786 %
EEBIR 21 ¢ 20 000 000

(b) 202441 H

Pl il / C [

| i GS (01917865

EEBIR 21 ¢ 20 000 000

(c) 202442 H -

= &5 :GS(2019)1786 %5
EEBR 1 2 20 000 000

6
(d)
4
O
N 24
B
ol
=8
ZE 0+
r

_4 _

-6 T T T T T . . .
12-1 12-11 12-21 12-31 1-10 1-20 1-30 2-9 2-19
20234 20244

HIH/ H-H

2 2023/2024 4R & ZE A (a~ o) 38 V-3 SR EE 4340 F (D P 3 SR BE V-2 H 3 A8

Fig. 2

(a—c) Spatial distribution of monthly mean temperature anomaly and

(d) daily variation of mean temperature anomaly over China in the 2023/2024 winter
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