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Statistical Characteristics of Rain-Snow Events in Hubei Province
Based on Circulation Classification
KONG Haimei ZHONG Min

Hubei Meteorological Observatory, Wuhan 430074

Abstract: Based on observation data from 76 national meteorological stations in Hubei Province
and ERAS reanalysis data during 2000-2024, 108 rain-snow events are classified by means of the
T-mode principal component analysis (TPCA). The temporal distributions, circulation
configurations, and impact characteristics of the rain-snow events under different circulation types
are then analyzed. The results show that over the 25 years (2000—2024), Hubei Province
experienced 4.3 rain-snow events on average annually, with a clear inter-annual variability. These
events occurred mainly in January and February, accounting for 74% of the total. Based on the
circulation patterns at 500 hPa, these rain-snow events are classified into three types: the Lake

Baikal High-Ridge Type (48.1%), Lake Baikal Low-Trough Type (30.6%), and Lake Baikal
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Northwesterly Flow Type (21.3%). In the composite mean fields of the three circulation types, the
Lake Baikal High-Ridge Type features the deepest southern-branch trough at 500 hPa and the
strongest influence of the surface cold high. The Lake Baikal Low-Trough Type is characterized
by the strongest southwesterly jet at 700 hPa, with a maximum wind speed of 20 m + s~', and the
most favorable dynamical conditions. The Lake Baikal Northwesterly Flow Type has the weakest
southern-branch trough. The three circulation types of rain-snow events produces distinct impacts
in Hubei Province. The Lake Baikal Low-Trough Type has a higher daily average maximum
precipitation (15.34 mm) and deeper average maximum snow depth (9.33 cm) than the other two
types and is more prone to produce deep snow cover. The Lake Baikal High-Ridge Type has the
largest average value of total precipitation (19.63 mm), the highest mean numbers of
snow-covered and wire-icing stations, and the greatest wire-icing intensity with a mean maximum
wire-icing diameter of 3.83 mm. It also has the longest duration of rain-snow event, lasting for
2.22 d on average. The Lake Baikal Northwesterly Flow Type generally generates smaller
precipitation amount, the weakest snow accumulation and wire icing, and the shortest event
duration. These findings could provide a reference for circulation-pattern-based forecasting of
rain-snow events and disaster risk assessment in Hubei Province.
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Fig.1 Inter-annual variations in (a) the number of rain-snow events and (b) the counts for
different circulation patterns in Hubei Province during 2000-2024
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Table 1 Monthly distribution of rain-snow events in Hubei Province during 2000-2024
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Fig.10 Percentage distribution of (a) maximum accumulated precipitation and (b) maximum
daily precipitation of processes above different levels under different circulation types
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processes above different levels under different circulation types
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Fig.12 Percentage distribution of the number of snow-covered stations with processes above
different levels under different circulation types
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under different circulation types

gk LRIk, = SRIAAL IF SE R MR A AR I 22 5 o UUIH K3 e o R e A R A )
B, ARUKFEM B e s VU ZR IS B /K B ANAR T 5 LUK, Al AR 5 AR AR 2 4
[ IS A AT B D™ EEALUK DU R PG b R A B A A R e S, PR B RS L BUKEE
FERHR TR, _RIRZ2 R il dbs K25 S KRR Mk SRRt 2%



5 ZE5RYE
AICHT 2000—2024 1AL E 76 AN E K GO TR B RS ERAS fEMHT R
WHFE T 108 YK S I AR AN () 0 AT . PRRAC B L RRHE, 2SR T,
(1) 2000—2024 “EiIALE IR EN TR 4.3 Ik, FRRsIIE, S TREEHA
&E (P>0.05) o WEHEEFZELFAE L2 H, HEHH 74%.
(2) %7 500 hPa ¥RIEH, HIM TPCA W BT5%, WA AT 208 VU /R &
BB R DU /RIS AE AN DU /R e AR, 39900 48.1%- 30.6%A1 21.3%. DUHIUK
T e A T T SR R, AT DU RS VR R e, LML VA v s S R it DU R T AIAE
VU R S, BRI AL AN EN F AT ST VUK VE A6 R AL B S R MR ik
AP RS . =R RIS A E R EE (P=0.029) , Hot TUM/RgCHE Y &3 58
FUURE R (P=0.033) o AN [FEIFRALIRAR X I R e (R0 72 22 5. DU =G
R DB R Ay, PREE: 2.22d, e RRERR A DUINZRIEHK
7Y 3= RS M SR v AL A PR S, P HRAE 2.06 ds DUII/K WP AL AL 2 LASE P AL A 3
PIRESE 1.52.d, RN TE FEI MR SR (LR AR 55 T AT A
(3) RN THE. REMBERUKREAEREZER . TUI/REMAE S H &
IKEFBIE (15.34 mm) AP 2R RBUEERIE (9.33 em) B THABMAL, 5 HIRE
ME. DUIR E BB KR IME (19.63 mm) sk, “PIRIE S EORFIK R, £035 i
% ARUWKSREE SRR, TR R A RIUKER 3.83 mm, &R AR U BN T ukik K #
IS 5 B R OV PR IR o DUINZR W PG b R o 55 B SR DN, AR R A R AR SR 38 A 55
AW FARR TACE AR ALY AR A R AUARHE, (0] A AR AL R L
A HRE— BT, JEEEA A5G S RIN AR ZIA CMIPE B BERL, i U BRI SRl
SRAESR . 9B L MRS R, JRRtE R SCESE R R AIRE S, TR SRR R E
DTG P A TR -
22 3k
WrRue, Bhig, BRFESS, 4%, 2024. 2024 4 2 NGRS UK Rl B BRI AT R 23 AT [0]. 22T
K3, 43(6): 668-679. Chen X, Zhong M, Chen S N, et al, 2024. Observational and causal
analysis of the extreme freezing in Hubei Province in early February 2024[J]. Torrential Rain
Disasters, 43(6): 668-679 (in Chinese).

#A, RS, T, 55, 2024, 2024 4 2 AFREBIROCVEREIN FUKIE RS L] RS R
223, 35(4): 385-399. Dong Q, Chen B Y, Hu N, et al, 2024. Comparison of two ice and



snow storm processes in China in February 2024[J]. J Appl Meteor Sci, 35(4): 385-399 (in
Chinese).

BFEA, HEE, ERE, 45, 2025, I RCIE M KR TRE RSN FRAED]. &, 51(3):
313-323. Gu X J, Tian J H, Wang Y H, et al, 2025. Meteorological grade and its
spatio-temporal characteristics of cryogenic freezing rain and snow in Henan Province[J].
Meteor Mon, 51(3): 313-323 (in Chinese).

AU, FOOE, TIFHE, %, 2011 WIA64E 1954/2008 4F [ 524 WA ARG IR K S ik 2T L 43
Mr[J]. RE2%, 26(1): 80-86. Li CY, Guo Y L, Wang H Y, et al, 2011. Comparative analysis
of the unusual continuous freezing-rain and snow weather in 1954 and 2008 in Hubei[J]. J
Catastrophol, 26(1): 80-86 (in Chinese).

B, 2017, o[ g U7 R SRR I S UK S AR E[D]. Abst: o E SR BHART T
. Liao Z, 2017. Atmospheric circulation patterns associated with persistent wet-freezing
events over South China[D]. Beijing: Chinese Academy of Meteorological Sciences (in
Chinese).

DL, WAL, AN, 2021 FFIUEG LXK M AKEE B R R S R AU 7 T[]
HAIRER I BSR4, 45(6): 9-16. Luo J Y, Tan Y L, Yu L H, 2021. Analysis on the causes of the
tranformation of a rare autumn rainstorm to blizzard in the mountain area of southwest Hubei
Province[J]. Mid-low Lat Mt Meteor, 45(6): 9-16 (in Chinese).

N, N, PRI, %, 2014, i 30 & LA RHIA KK SR AR, T
25 4%, 32(1): 23-31. Miao A M, Dong W X, Jia L D, et al, 2014. The statistical
characteristics and conceptual model of different phase precipitation in recent 30 a in Shanxi
Province[J]. J Arid Meteor, 32(1): 23-31 (in Chinese).

INIF, REEZE, XIEAK, &, 2022. A X AR S K SN ST RRIER]. Wil
B4R %, 16(4): 104-111. Sun H, Wu Z X, Liu Y L, et al, 2022. Statistical characteristics
of Chizhou solid precipitation and its circulation background in cold season[J]. Desert Oasis
Meteor, 16(4): 104-111 (in Chinese).

ERAK, THIR, AR, 55, 2024. iT 40 4 [EH A ZEIERIH R KL AR SRR ).
N AR 524317, 35(3): 298-310. Wang M M, Ding M H, Li1J M, et al, 2024. Climatology of
winter cold waves and associated atmospheric circulation anomalies in China during the last
40 years[J]. J Appl Meteor Sci, 35(3): 298-310 (in Chinese).

FIM, PhEk, BRIE, 4, 2023. 2022 AL P IRR I RS b R R R 2 A AT 0], AR,
49(7): 819-829. Wang S S, Zhong M, Chen X, et al, 2023. Comparison and forecast deviation
analysis of two snow and rain events in Hubei Province in 2022[J]. Meteor Mon, 49(7):

819-829 (in Chinese).



IRRIH, AR, 22 45, 2024, WIALE RGN SR TE S 50T 0], B KE, 43(4):
440-447. Wen Q P, Zhou Y H, Li L, et al, 2024. Evaluation and analysis of continuous low
temperature rain and snow process in Hubei Province[J]. Torrential Rain Disasters, 43(4):
440-447 (in Chinese).

REBE, FOTSE, RImEE, 4%, 2025. 2024 4 2 AL PR IR S VKR R SURHE SO SR 2 AT
[9]. Z&W K3, 44(1): 31-40. Wu Y, Guo G F, Shi R Q, et al, 2025. Analysis of weather
characteristics and sea surface temperature impact on rainfall/snowfall and freezing events in
Hubei Province in February 2024[J]. Torrential Rain Disasters, 44(1): 31-40 (in Chinese).

AR, 2o, PREERS, &, 2025. 2024 o [H UKL & B E R URFAP]. LA, 51(3):
349-357. Zhao L, Jiang Y D, Zhong H L, et al, 2025. Climate characteristics and major
meteorological events over China in 2024[J]. Meteor Mon, 51(3): 349-357 (in Chinese).

SO, A, 2022. 2021/2022 A E AR AL 2 U7 B K R O 22 L 20 B[],
R4, 48(7): 925-935. Zhi R, Zheng Z H, 2022. Characteristics of climate anomalies over
China in winter 2021/2022 and causes for precipitation anomalies over Southern China[J].
Meteor Mon, 48(7): 925-935 (in Chinese).

e N R ILRT [ [ 5 51 & W B AR S0 A % i R, o [ [ bR A 4 B 2 5 25, 2017, GBIT
35224—2017 AR MMM TS RABARS]. Abut: o FH 45 4E o AiLAL. General
Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of
China, Standardization Administration of the People’s Republic of China, 2017. GB/T
35224—2017 Specifications for surface meteorological observation—weather phenomena[S].
Beijing: Standards Press of China (in Chinese).

JA, VT, EEW, &, 2016, WAL VR R AURHIE S HHE T ERE AL ] AR R,
44(6): 949-955. Zhou Y, Xu G Y, Gao Z X, et al, 2016. Characteristics and discrimination
method of freezing rain weather in Hubei Province[J]. Meteor Sci Technol, 44(6): 949-955
(in Chinese).

KAE, TR, FAWITR, 2025. 75 RFCE AR FY S A RURHAE AR AT e T[] A
WA, 41(3): 413-426. Zhu H, Zhang H T, Zhou C R, 2025. Circulation characteristics
and drivers of persistent cold rain and snow events in Southern China[J]. J Trop Meteor,
41(3): 413-426 (in Chinese).

Harpold A A, Kaplan M L, Klos P Z, et al, 2017. Rain or snow: hydrologic processes, observations,
prediction, and research needs[J]. Hydrol Earth Syst Sci, 21(1): 1-22.

Huth R, 1993. An example of using obliquely rotated principal components to detect circulation
types over Europe[J]. Meteor Z, 2(6): 285-293.

Huth R, Beck C, Philipp A, et al, 2008. Classifications of atmospheric circulation patterns[J]. Ann



NY Acad Sci, 1146(1): 105-152.



