
*

基于环流分型的湖北省雨雪 

过程统计特征研究 

孔海妹  钟  敏

湖北省气象台，武汉 430074 

·

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 ERA5 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 



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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1.1  资  料 

2000—2024 1—2 11—12 : 1

76 2000—2024

2000 1 2019

2 2019 11 2024 12

2 ERA5

1 h 0.25°×0.25°

37 1000~1 hPa  

1.2  雨雪过程定义与筛选标准 
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1.3  环流分型方法 

T-mode TPCA Huth 1993 Huth et al 2008

TPCA 2000—2024 11 2 108

ERA5 500 hPa 20° 70°N 80° 140°E

2 5

52 48.1% 33 30.6%

23 21.3%  

500 700 850 hPa

700 hPa 20° 32°N 100° 125°E

95% Kruskal–Wallis

Holm 0.05  

2.1  年际变化特征 

2000—2024 108 4.3 1a

2000 10 2007 2021 1

25 1.0 · 10 a
-1

P>0.05 Mann-Kendall  



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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2.2  月际变化特征 

1 12 2 101

93.5% 1 2 12 11
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Table 1  Monthly distribution of rain-snow events in Hubei Province during 2000–2024 

1-2 76.9%
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3.1  贝加尔湖高压脊型特征 
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Fig.2  The 500 hPa geopotential height (black contour, unit: dagpm) and temperature (red 

contour, unit: ) of the Lake Baikal High-Ridge Type 
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Fig.3  (a) The 700 hPa geopotential height field (contour, unit: dagpm) and main impact systems, 

(b) 700 hPa wind field (barb and colored), (c) 850 hPa wind field (barb and colored), and (d) sea 

level pressure field (contour, unit: hPa) and main impact systems for the Lake Baikal High-Ridge 

Type 

3.2  贝加尔湖低槽型特征 
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Fig.4  The 500 hPa geopotential height (black contour, unit: dagpm) and temperature (red 

contour, unit:℃) of the Lake Baikal Low-Trough Type 
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Fig.5  (a) The 700 hPa geopotential height field (contour, unit: dagpm) and main impact systems, 

(b) 700 hPa wind field (barb and colored), (c) 850 hPa wind field (barb and colored), and (d) sea 

level pressure field (contour, unit: hPa) and main impact systems for the Lake Baikal Low-Trough 

Type 

 

3.3  贝加尔湖西北气流型特征 
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Fig.6  The 500 hPa geopotential height (black contour, unit: dagpm) and temperature (red 

contour, unit:℃) of the Lake Baikal Northwesterly Flow Typee 
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Fig.7  (a) The 700 hPa geopotential height field (contour, unit: dagpm) and main impact systems, 

(b) 700 hPa wind field (barb and colored), (c) 850 hPa wind field (barb and colored), and (d) sea 

level pressure field (contour, unit: hPa) and main impact systems for the Lake Baikal 

Northwesterly Flow Type 

4.1  影响区域特征 

108
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Fig.8  (a) Affected areas and (b) frequency distribution of different circulation types associated 

with rain-snow events in Hubei Province during 2000-2024 



4.2  持续时间特征 

 

 

Fig.9  Percentage distribution of the number of days with processes at different levels under 

different circulation types 
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4.3  降水量特征

08

08  

10a

19.63 mm 99.60 mm 18.37 mm 65.90 mm

14.38 mm 50.50 mm

≥25 mm ≥50 mm 28.8% 9.6% 27.3%

9.1% 17.4% 4.3%

 



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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4.4  积雪特征对比 

4.4.1  积雪深度 

 

11a 9.33 cm
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Fig.11  Percentage distribution of (a) maximum snow depth and (b) average snow depth of 

processes above different levels under different circulation types 
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4.4.2  积雪站数 
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Fig.12  Percentage distribution of the number of snow-covered stations with processes above 

different levels under different circulation types

4.5  电线积冰特征对比 
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Fig.13  Percentage distribution of (a) maximum wire ice accumulation diameter and (b) average 

wire ice accumulation diameter of processes above different levels under different circulation 

types 
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4.5.2  电线积冰站数
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Fig.14  Percentage distribution of the number of stations with wire icing above different levels 

under different circulation types
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