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Abstract

Based on conventional observation data and ERAS5 reanalysis data, three cryogenic freezing rain
and snow weather processes that affected the Shaoyang region from January to February 2024 were
analysised. The results showed that: (1) three processes were influenced by the “two troughs and
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one ridge” circulation and the stronger western Pacific subtropical high at 500 hPa. In Process I, the
blocking situation in the northern Ural Mountains facilitated the rapid southward movement of cold
air, resulting in intense cold air, heavy but brief snowfall. In Processes Il and IlI, the cold air masses
split and moved eastward and southward with weaker intensity, complex precipitation phases, and
a longer duration. (2) During three events, there was a development of strong southerly winds in
the middle and lower layers, the convergence of cold and warm air currents was most intense in
Shaoyang area during Process 1. Strong water vapor convergence was observed over Shaoyang at
700 hPa in Processes I and II, which correlated well with the magnitude and intensity of precipita-
tion. (3) The 0°C isotherms at 700 hPa and 850 hPa, the —-4°C isotherm at 925 hPa, and the ground-
level 0°C isotherm can serve as reference points for the phase change from rain to snow. When there
is a significant warm inversion in the middle and lower layers and the ground temperature is <-1°C,
these conditions can serve as a reference for the transition from rain to freezing rain. The dual-
polarization radar product provided valuable indications for the evolution and determination of
precipitation phase states during these events.

Keywords

Low-Temperature Rain and Snow, Temperature Stratification, Precipitation Phase State

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

BN F KGR AETEENRERS, Sk, @, B NRAEGREEZERKI, 2008
SR [ R 5 R AR T RV B AR S PRIR VKR R R G, B Il T RE B AR, s
[1]%F 2008 ARk 9¢ FoAF ISR RFAE S R M3 AT T 456 00T EARBEE2]NR S SR LB
HR, T T 2008 AR RN 25 UK VR 5 T R SRR s B A [3]-[S 0 2008 AR KR I FE IR T
AL AP . UTLEAE, 7R T IRIR N S VKGR AR RBHEE, B3 7T A0H %
MIJE 7R o BRAEBAE[O]HE T E AR EE 5 A A=A T P AU = 2 BER), KA [R] B /K AR S JEA T IR % &
FERIG b, 19 31— HATERAMB AN SH G BoR[7]. SERRR(8]. T 245591 A FUKIR I
F R FEHAT O LA, 48R T FEZ M AL R R Y 22 S s K20 EGEE 10 R e — IR L IRIR R S RS
TEFR AT AR R, H T 54 v s DL R O PR DX 2 A 3o MR iy K ek P B2 R o R A 611 ] AR YD 3 Ay
Bil, AT T IS AAS AR 1 T A RURIRRFIE, 8 AN FRIAH S BRI BUAH DG R E(CC) 247 IRt #6(ZDR)-
IR R 2R T (Zh) #8257

B TR Y 5 UK R R SO FE A SR e v M3k DL AR 2S5 R 3, DG T3 7 T A e 479 2 R B
KYEMIE . ARBHH AL P m PR, MR DLERE . (i, M0 A NIRIR VK RS T B4
fF o ASCR ARG BDRA ERAS FR3HT 50k, 04T 2024 45 1 A2 2 H 3 IS i BRER AR 1R SU%
A FRHIE . REELRA . WA S IR RS 22 5, AR [ K AH 25 TIOR8 IR 55 2 it
—EMNZ%.

2. REILR
20241 H 21 HE 22 HEIRE D, ARRHMXCE B R R RE, . B A BERLE. B
JeE T BT, Hrh 21 H 20 % 22 H 20 B2 FREKE 15.6 mm, FHEKEE 9.9 mm~25.2

DOI: 10.12677/ccrl.2025.145091 914 SAEARAL I 7T LA


https://doi.org/10.12677/ccrl.2025.145091
http://creativecommons.org/licenses/by/4.0/

B

Jis S

Pax
s

mm Z[f], FEMRAFREN 3~12em; 22 HRME 23 HRR, &WkESE L. JfEE, &80
AR £ -2.5~-0.5C, HZEIXE-10CLLN, (RifFEE 23 HER.

2024 2 A2 HE 7 HOIRRE 1), HILTH—R KRN F UK R, AFe i F2 AR BH X B KA
BEH, W W, WRFEZHAASIF. 2H-FRRKKE 253 mm, &HFKESAATE 28.1 mm~44
mm Z (7], HARER S SEHI 7MW, WX I T 0K, W3 5K A UKTE 27 mm~31 mm. &G
b, B EHRIEKEE-1.7C~03C, @FELXRIKRAE-SCTLLN.

2024 422 H 21 HZ 25 HOLFRE D), ARF RS LIEN v T, (BRI, APk
KEAL 2.2 mm. 21 H 20 1% 25 H 20 i, #FEWHRICTURIKE-2.9CT~1.9C, mZ L XRILTRYERR
HE-TCLLF,

MRS, OFE 1M HFES R, MALENE; JIfFE I, HAERET;
REFE D PR, EELIEW M.

3. REHBAH
3.1.500 hPa 3517

R T H(E 1(a)), 500 hPa 2WIE—HFMIFIES, SRR LG X AR R 1 B8, Brasrh
A VIWHRIE, RIS, AR TR SR — A, RIS i bR AR
(174 73 S 1) R R AR S s 5 i S A T 1 T R BRI SRR KV U I . 5l 30 AESFIMEAM L,
BRUR AL B35 M IEREF Oy, B8 4 FIR S 32 gpm. HEEPGALERAEAESS a0y, RIS R
HZR BRI R R 58 SRE S IX, P OR P R s s A R P i, AR TR B e SRR T R 2L
B A, I U R TG RS

90°N

80°N

70°N

60°N

50°N A

40°N +

30°N

20°N

10°N

T
40°E 55°E 70°E 85°E 100°E 115°E 130°E 145°E 160°E

-30

DOI: 10.12677/ccrl.2025.145091 915 SAEAR LI T A


https://doi.org/10.12677/ccrl.2025.145091

90°N

80°N R e .

70°N
- 12
60°N
-6
50°N
Lo £
en
40°N -
- 6
30°N - ‘-g—% 2
= ﬂ.-‘fg__/
S m— "-f'-g — /i 7= - 12
J S\
20°N A "".?f‘; .
: !‘ ' -18
/ ™ 3
10°N H & - 4 / i??b
3
) il 24
O LR s g
0° T T T = T T T T
40°E 55°F 70°E 85°E 100°E 115°E 130°E 145°E 160°E 0
(b)
30
90°N
500
———504—_ _ _
80°N _\”2508 —— - — 520—]
———sl6 r“" = —n = -
@ﬁ&(’\—_ =
= : [—
70N —ETE—
e \’} =
== L 12
60°N
L6
50°N -
Lo £
en
40°N -
- 6
30°N -
- 12
20°N -
418
10°N " :
. .
‘ (ﬁ - >
00 T T T > T T g| T
40°E 55° 70°F 85°F 100°E 115°E 130°E 145°E 160°E 0

(©

Figure 1. 500 hPa average height field and anomaly field (shadow) of 3 processes: (a) Process I, (b) Process 11, (c) Process 111
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Figure 2. Mean sea level pressure field of 3 processes: (a) Process I, (b) Process II, (c) Process II1
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Figure 3. Time profile of 850 hPa meridional wind (unit: m-s™") along 111°E during three processes: (a) Process I, (b) Process
1L, (c) Process I11
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Figure 4. The water vapor flux and water vapor flux divergence at 700 hPa for three processes (unit: 1077 g-cm™2-hPa™!-s™!):
(a) Process I, (b) Process 11, (¢) Process IIT
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Figure 7. Radar products of Z (a), ZDR (b), CC (c) and HCL (d) at a 1.5° elevation angle on 4:56 am, February 4, 2024
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