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Abstract: The causes and predictability of the high-impact large-scale cryogeni@, freezing rain
and snow weather (CFRSW) in east and central China in February 2024 were investigated using
the daily temperature and precipitation data from 2,374 stations, the NCEP/NGAR atmospheric
circulation reanalysis data and the HadISST data. The results, showthat: (1) Two CFRSW
processes occurred in China in early and late February 2024, and the overlap of the regions was
high. The east and central China suffered the most serious freezing,rain and snow disaster. (2) The
subtropical and mid-high latitude circulation system configurationythat influenced the two
CFRSW processes were more consistent, theswestern, north Pacific subtropical high (WNPSH)
was strong and westward. Siberian high, the South Branch trough and the western north Pacific
anticyclone were strong in the same petiod, forming,a strong synergistic effect. The enhancement
of the Siberian high led to cold air‘southward, and the synchronization of the enhancement of
South Branch trough and western north Pacific anticyclone to provide abundant water vapor
conditions for the east<and’centrahChina. (3) A moderate-intensity ElI Nifo event occurred in the
equatorial edst=central Pacific from May 2023 to April 2024. In addition, the tropical Indian Ocean
and the tropical North Atlantic were abnormally warm in winter. The abnormal SST of the three
oceans jointly led to the continuous strength of the WNPSH. This is conducive to the periodic
development and enhancement of the anticyclones in the Northwest Pacific Ocean, and provides
abundant water vapor conditions for the two CFRSW processes in February. (4) The predictability
of the sub-seasonal model for the two processes is about 1~2 weeks, and the prediction skill
within 1 week is relatively high. When advanced by more than 2 weeks, the model is unable to
accurately predict the anomalous characteristics of the Eurasian mid-high latitude circulation

system, resulting in lower predictive ability for the two processes.
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(unit: %) in February 2024 in China
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Figure 3. Time series of averaged precipatition and low temperature” days in4February in east and

central China during 1961-2024

FH A 2R 0 A i X1 35 1) il K R H A8 4k (14D mT L, 2H2—9H
H AR RFFEHLT0°C, SuEi A AR BIELH3IH 22H4H, BKEKRT
3mm: 2 H9H Z Ja R Bl IF, A ER R R R, 13-14 HIA #]20°C A
b, i B SRR B R/ 10190 HSF/RIE R T5°C, 10dH A 9d ik H
B K BN T-2mm ARREAE 205 46 11 58 50 VO Bl BR IR . Y 35 I R DU P
20-29 H Hw =+ TH P34 80 H SRR AR IE B 73 0l 90 ~5°C . —2~5°C -3~
3°C, 10d/HEzdi H FEK R T-3mm, smoRRFEKE HIE20-23H (4D, 25 1
L, 2R AMER R AR RS BT L AR =B LH31H 22H8H,
SR KSR IR R kR R R, 2 9-19H, KANELF; 2H20-29H, 4
AR RS FEMIGIR N T UKE R R AR



25 20

K —e— PR —o— Hf R —e— [ Al

////\\//\ .
IS

/\/\ I 10"]]EH
/i / t %

¥

mmmmmmmmmmmmmmmmmmmmmmmm

i1 C

NNNNNNNNNNNNNNNNNNNN

420244 1 71 30 H2 3 [ 1 HAEARMAEF-F R HFER . s, R UR
HH K EE H A2
Figure 4. Daily mean temperature, Tmax, Tmin temperature andpregipitation in eastand central

China from 30 January to 1 March 2024

3 KA ERAE RN “2402 KB RE” FIEW

159202442 7 AL 1 = A BBl 3t Bk 500hPa iz 3 & 12 A1 F 37
850hPaX\itE 375, H1EIFT I, W S e 8 PR ] Aty A 3 32 2 T H B S 1) )
T B A AR AL RFAE

HAE, MEEHSKRAE, SRl o i X oy ) S ag R e, JRE P E R
VEAR RS~ SR e 38 R ) SRR AY, R R R S O, AT B3k
2 ik B AR AT AR ] ol 22 VAL RSP rE AR E PR R B “ AR s pEAI . Y
BEEE, PUALS-PVE1S N UL W 1 SO PR R~ PR, R VL 4 DA g 3
X A7 g XU (52D, KIHmIA R AT . TR EUIIIK G, RIEAZR,
VEAR R S s P SCRE S DR IE RSPV S DY AN 22 Gt 1) o 2 48 Kb v A AE 20 1)
790.37. 1.01. 1.06410.64, RIPUZE Ak Sk Jy19614F LIRSS —. Phfif
BRI, T2 mIL, HEI6AEMmIL.

2R bA), BRI SRR “PIME 8", IR 2 il AT WG b B — 5 i R
ISR EE Ry ifE, AT DUIIRE), M, RER “RKEEL” A
Py PRACRFEE N SR e SRl CEISh), ¥k, KRk ST
PEAR R S R sk AL B . APEARFIE S RIEAZER i SCHE IR



22 ) KR i X DA RSB IA R e s FEFe B0 g H ARG T L, LA TR %2 8H,
U AR RN o A 2R 0 4 28 IR FE PR B RE SRR 7 (18160 1H NS TR 3¢
BRI 28 1) /K P i s B AR BT e N IE R REEE B2 HBH (ElBb), RISk
[ B P (0 /K PR I RN P KPR 4 T KR I B i ¥4 R 2 S/ o R0
WIXEES, SET B RVER RIE KGNS KRR, G RiEmk4C
DA by AR O m 2 205 LA (E7a).

2R A, WO s PR BERR, BRI — SR 1R
R A, M BE T T — DUIR SR RO RS, B AR B e s F
A RAL T IS NUAR,  BH A A AR g s R 0 2 b DX A e R TREE
B KR X AR5y “FEmdbic” 234 (50, 3R] 3B uifm = 28 9-
16, FEARFIE fo He R AR S 4 23 XG5 g 0 iy B JCIEI6a) , R SR i 4
O N GUE, T8RP 2R R KRG o 4 Bk A N 158D, ¥ 728 SRR
AR, 5 B0 E A ARG B, AR SRR 2 C L b, B
KAWL E (ET7D) .

2H A, BRIEIRFA A R A R . b ) B — 5 2R L R B s
JEE MR KRR, NSRRI — B 2 p PR, R0 R — ARk
17 8 B g JER 2 DU 2R V1 9 e e A AL B T v e FRER T A, — 8 T B K A 6 A
J&, 5 B E G 0 1 PRI, | VR R o R S R R e R
fdb, PGP A UBE R e AR 50 i (FEI5d) . AR HE 0% H A2
AT, 2 A 17 AP, POEAINE w5 A2 30 4 23 IR 3 i M0 I A8 2 3
3AY] (Kea), FEIRIE K AE—UGBRIEM, K X IR RIK4CoL L. 7E/
SCRE IR AR e 5 R A L R R R, AR A S TR E R B X A
R ROV I ARIR KR TR AU, AR EIRI AR RS S £ 21
PLE (E70), IR EEX S FAMEXEARES, SEGH XN S UKk
InEE .



M 10 4 M W W a2 o4 W W N0 X0

00 100 ) W 40 W 0 N W @ M e W

52024 4 2 H 500hPa (%%%’%& gom) AT (RS, #4672, gpm).
850hPa A7 ¥ AT S

(@ 2H, (W 1H3NHE2H8H, (¢)2H919H, (d 2H20-29H

Figure 5. 5 eopotential height (contours, unit: gpm) and its anomalies (shading, unit:
gpm), and 850 hPa wihd anomalies (vectors, unit: ms™) in February 2024(a) February, (b) from

31Jan to 8 February, (c) from 9 to 19February, (d) from 20 to 29February.

10



20
F 15

- S
2 4
E L0 £
S 5 ®
= 0 &
i T A= o
- TN
5 - -10 1E
o | e =
8 45 =
% P20 5
-25

4 10
b - y e s » ©
.1 @ — MR, —— R AU RS s £
2 6 =
E 2 B
E L4
ey s
= Py TN A f—A— r0 &
2 22
i L4 E
-:._\_F’ 2_ L\Q-j
i -
3 8 &

0O O O O oD @O O O OO oD O O 0D O @O0 @O0 O O O 0D O O O m

S 88 5QF Y8 FTezgsdIagI_sRoero

D D D D DT N & & o @D DIEDEDEDEILEHLI®m®MOomom oM

— — — — — — o~ o~ o [9V] [9V] o~ o~ o~ o~ [9V]

Bl6 202441 H 21 H %3 H 10 H S SEIA 32 L 7 A1 103 HAZ ML

(a) ZRALAZ=RFIPEATRNE S aR AR H, (b)) P SRR ZR ML 2 /K VU as o B2 4R 2
Figure 6. Daily variation of indices from 21Jan.to T0Mar in 2024
(a) East Asian winter monsoon intensity, index and, Siberian High intensity index, (b) South

Trough intensity index and East Asian‘meridional water vapor transport intensity index

(a) o Lt (b)

s - rF“J"
R g ; B

Bl 7 2024 4 2 H =AW Bear B BEK R 1 4 %
() 1A3LHAE2H8H, (b 2H919H, (¢)2H20-29H
Figure 7. Precipitation anomaly percentage in three stages in 2024

(a) from 31Jan to 8 February, (b) from 9 to 19February, (c) from 20 to 29February

11



4 PAEUFENT “2402 KB RE” KM

ENSOfE NHEPR RE LTS R REE T, SRS FEREL
HHEEMFM (Wang et al, 2000; FRETUESE, 2013; Liet al, 2019). 202345
HZ2024F4 17, RIEHRRIFERAE T —IRPEREIEl Nifo4F, EEH
IAE20234E12 ) (A A%, 2024), 20244F & Z8 FR1E 45 KT PEi iR R kY6
PIEFEF, s O T RS, S X 2°C,  #hry B0 B e AR s AR o v
VR R O R VE BB IE R, H O 20 i) HE BT A B RE VAR 7 S R AT R TV AR
HU AR AR LC L5 C L E (E8a). M1979-20244E 4 Z=INifp3.4.
TIOFTNATE BB EA AT W, (EI8b), = /NFEE/ WAL 51 19794F LASK 55 VU
B —, R SRR R R RO . AR VRS (SO [
NKFE, 2023H5H 202452 ([ 7202346 A F120244F1H ) SQIFF4: 1115
B CEER), BIHGH RARTED Ni P {28 T H 5 282 1 i 1

(a) Anom SST in DJF 2024

60°N fj; e . - z o TR 26 \ - ‘ -’qé-\r‘ »'\~/ ll

45°N .
0 et ¥ If& y
30°N 3 ) : ¥ N "
15°N RS A
| _ |

15°S
30°8
0® 90°E 180° 90°W 0"
| -
2 1.5 1 05 0 05 1 1.5 2
3 2
2.5 4
2 n B 15 )
o 151 L1z
3 14 E
o 05 A F 05 o
o [
= 0 g
z L
-05 A 0 8
17 L 05~
15 -
-2 1
O d1 M IO N~ O d M W M~ OO M WU M~ OO M WU M~ OO dJdm
N~ 0O 00O 0O O O OO OO OO OO OO O O O O O Hd dH +dH +d 4 N «
D OO OO OO OO O O) O O OO OO O O O O O O O O o o o o
T AN AN AN AN AN AN AN AN NN NN
Ay

Bl 8 (a) 2024 442 SST WE-F/rfifl (b) 1979-2024 fE4Z=) Nifp3.4 1841 TIO 484,
TNA $8%1
Figure 8. (a) Distribution of sea surface temperature anomalies (unit: “C) in winter 2024 and (b)

the winter Nifp3.4, TIO and TNA indeies during 1979-2024

12



2024 5 2 JRYPE ARG LR B S B Nifo S U1K, B 94t T
1979-2024 428 Nifp3.4 $540[RIA1Y) 2 H 500hPa {35 m FEFE i 2 KA
HEANBEEET . B 9a af WL, #ii ZEIAGEHIX (0~20N) [ 500hPa fir
BT RE LSS, AR T A R AT, b 2 A A
AR Bl BRI T AL TR R R KIR S R, KV &
PLRg Hh X KRR A EE X (K] 9b). BbAh, CEWFFERI, A B iR
RN FAHY DK T8 YA A FT LI s v AR T A Y S ) v A 7 TG KT Ui, R
HHIRAWBRIS, AT B AP AL UMW R (Xie et al, 2009: 2016;
MR R4, 2018; 2021; Zuo et al, 2019; Zhao et al, 2022; 2023). #.14H
TAFEZRPFFRIEHYS 2 ARETRR RGBS RE . WL, @l s
A= R PE IR P B IEAR G B i 2, LR 7R A0 448 g ROV A 128 0 P, B v v
AT 51 T Ry FIEIFAT P ST KR ) 2R 4 DX s »72024 4F 2 F il i
N 1961 FLISKT 15— FECE Ik 90FE (H PWRFELMIEY Amit), FReZ2E) El
NiFD [IEEIR I REI A, 3 5 0 0 3% i iz 1) Aty B0 JRE A ARy 6 DK P VR I I A R
=RV R S SR [R5 B 5 s G KT SRR B (R 5, N
2024 4 2 H IR E B AR UK TEE R T SRR AL TR 2 AR BiAh,
Chen et al (2004) #ff Fu 45 HIZRA DX S8 3] & AL AERR AL 5 ENSO TR A
5, ENSO i 42 A6 AT AR RURE B B 51 e 2R U b [X S W& Bl 1) e
£ EI Nifp (La Nife)” EAZRIFERR AR & CEIO. ik, El Nifo F
W] g2 2004 HE 27085 URIRSE 1 1) B 22 AMSRIE 15 55

0

i

Wi 1) Mag Fab MERIVD

) g Fan W0 Sed bgre'n)
- - .
o ‘ 0N .
LI Ll . ¥
»
: ”~ - ~— R
¢ . £
Ay ! (o . 0N \ % . 0wy
/ 5 '™ P O et S v, |
. ~Q ‘o
. vy ) v \
N J . e
\ - e - M 2 =N
2N \ \ \ i .0 N { ,
\ abbo st o 4ol etel 4 4 3 \ P
e _ . |
U s ~
i mi 1008 6 140l 140f dof aoF e 1e0t 1208 1408
0w om0 ‘ @ 0 ? ‘. 0 nown Oh 04 03 02 01 0 01 02 03 04 08

E: B oa PREAS B b FREAMEGTL, 2R EER R BRKGREE SRR K
YR HEIE T 0,05 BE AL .

13



& 9 1979-2024 447 Nifp3.4 f52u[=1JH1) 2 H (a) 500hPa i fEIAEE 37 (Ffi: gpm).

(b) BEKFERET (K, . kgm s MEUEHET (R, $4: 10°kgm*
s,
Figure 9. Regressions of (a) the 500 hPa geopotential height anomalies (units: gpm), (b) the
vertically integrated (surface to 300 mb) water vapor flux (vectors; kg m* s*) and water vapor
divergence anomalies (shadings; 10 kg m™* s™!) against the winter Nifd3.4 index during 1979—
2024

R 1 19792024 L7 A 75 2 ARSI AIR B R R4
Table 1 Correlation coefficient between winter SST indices and atmospheric circulation‘indices in

February during 1979-2024

2 A FRAAZER, 2= A A R E H KR R e
X R JE R R % 5 S [ K
Nino34  -0.10(-0.09) 0.63*%(0.77*%) 0.07(0.05) 0:27(0743%%) 0.21(0.24)
TIO -0.01(0.06) 0.80%%(0.82**) 0.08(0.06) 0.45x+(0.43%) 0.40%*(0.31%)
TNA -0.11(-0.10) 0.53%%(0.49**) 0.10(-0.11) 0.30%(0:12) 0.16(-0.07)
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ACC &k el 0.1, #2807 4d F42aT od B, ACC i#t—bHtm, CFSv2 =
ACC it%] 0.2 LLE (| 10a). X 4R mE, PMEXLESRAT 15d LB,
T ACC ¥4, $EAT 14d R3E[T 0d iF, ACC Bk bFab4tm, L2
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T —E xR, SRR RN TNE ZCRL R 1, Wi 5 R R i
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Figure 10. Spatial anomaly correlatian coefficient (ACC) of CFSv2 (columnar) and ECMWF
model (red dot) for precipitation anomaly forecastlof 2374 station in China during (a) 31Jan—

8February and (b) during 20-29February, 2024 at different lead times
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Figure 11.1500hPa 'geopotential height anomalies (shading, unit: gpm) and 850 hPa wind

unit: ms™) in (a,b,c) early February3lJan—8February) and (d, e, f)late
February (20-29February) 2024
(a,d) observation, (b,e) predicton by CFSv2 at forecast lead times of 15d, (c,f) predicton by

CFSv2 at forecast lead times of 5d
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