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Analysis of Summer Extreme Precipitation Typology and Associated

Circulation Anomalies in the Jianghuai Region
XIAO Ying!?, Chen Lijuan?, GAO Yaqi'*, DU Liangmin'3
1. Hubei Climate Center, Key laboratory of Basin Heavy Rainfall, Wuhan, Hubei, 430074
2. State Key Laboratory of Climate System Prediction and Risk Management/China Meteorological
Administration Climate Studies Key Laboratory, National Climate Centre, China Meteorological
Administration, 165, 100081

3. Three Gorges National Climatological Observatory, Yichang , Hubei, 443002

Abstract Based on gauged precipitation data by China Meteorological Administration and
NCEP/NCAR reanalysis data, this study analyzes the circulation configuration and evolutionary
characteristics during different types of extreme precipitation events through percentile and
K-means clustering methods, atmospheric dynamic-thermodynamic diagnostics technique. The
research indicates that extreme precipitation in the Jianghuai region can be categorized into four
types according to the location of precipitation center: Central-Type, Northern-Type,
Southern-Type, and Eastern-Type. The first three types concentrate during periods associated
with the seasonal northward shift of the rain belt, while the fourth type is more scattered. During
the occurrence of the four types of extreme precipitation, the main precipitation zones are
located below the divergence area in the upper troposphere where is between the strong South
Asian High and the westerly jet stream, with increased vertical velocity, enhanced temperature
gradients in the upper and middle troposphere, greater meridional circulation in mid-high
latitudes, intensified subtropical high, and enhanced water vapor transport from oceanic regions.
The first three types of precipitation are different from the fourth type in East Asia-Pacific
teleconnection type (EAP), low-level jet, and water vapor transport. During the first three types,
EAP is more typical, and low-level jet is obvious. The water vapor transport mainly comes from
the Western Pacific and South China Sea. The temperature gradient in the upper troposphere is a
dipole anomaly structure with colder temperatures to the north and warmer temperatures to the
south. When Eastern-type occurs, there is atypical EAP, no obvious low-level jet, obvious easterly

water vapor transport along the East Asian coast, and only a unipolar warm center in the upper



58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

&3

&4

&5

86

&7

troposphere. The circulation pattern of low-frequency heavy precipitation is similar to that of the
Southern-Type. But the intensity and position of South Asian pressure, high-altitude westerly jet,
subtropical high, low-level jet, and water vapor transport are different with that of the
Southern-Type. The low-frequency evolution of thermal-dynamic conditions for the four extreme
precipitation types differs as follows: Central-Type precipitation occurs during the northeastward
movement of subtropical high and the downward propagation of the EAP wave train; in the
Northern-type case, the warm center of the near-surface temperature moves southward from
the Yangtze-Yellow River to the south of the Yangtze River, and the temperature over the
Jianghuai region is cold up and warm down; Southern-Type occurs during the southwestward
movement of subtropical high, with the temperature gradient at 300hPa transitioning from cold
north and warm south to warm north and cold south, and positive height values dominating
throughout the entire troposphere; Eastern-Type occurs during the northeastward movement
followed by the southwestward movement of subtropical high, with convective activity
strengthening from low to middle latitudes, and almost entirely warm areas at 200hPa and below.
Further analysis demonstrates that changes of subtropical high and thermal effects have better
indicative significance for low-frequency prediction of extreme precipitation events.
Keywords Jianghuai Region; Extreme precipitation; Pattern; Circulation anomaly pattern;
Thermal-dynamic conditions
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Fig.1 The distribution of weather stations over Yangtze-Huaihe River basin
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Fig.2 The extreme precipitation of the 90™ percentile threshold (a, units: mm * d) and its

contribution to the total summer precipitation (b, units: %) over Yangtze-Huaihe River basin
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Fig.3 The evolution of SSE in Kmeans clustering method with the increasing number of clusters.
(The black dashed line represents the value of y =ax+b )
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Table 1 DBl index corresponding to different cluster numbers
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Table 2 The Characteristics of four of extreme precipitation event categories over Yangtze-Huaihe River basin
R B| i it A IR
¥IH NI ¥IH L ONEN ¥ NI ¥IH N
N/ GER) N4 GER) A~/48) () A~/48) E)
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Table 3 The pentadly numbers of the four extreme precipitation event categories
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Fig.5 The Composite horizontal geopotential height (black line), geopotential height anomalies
(color shadow, units:gpm), jet stream (green vector, units:m*s™) on 200hPa for the four extreme
precipitation events categories (Central-type, Northern-Type, Southern-Type, Eastern-type
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(color shadow, unit: gpm) for the four extreme precipitation events categories separately. The
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indicate the climatic state greater than or equal to 5880gpm
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Fig.7 The composite horizontal wind anomalies (orange vector, unit: m¢*s?), jet stream (red
contour , wind speed=10m*s) and vorticity (shaded, unit: s) on 850hPa for the four extreme
precipitation events categories separately. Orange vectors indicate wind speed exceeding the
significance test at the 0.1 confidence level. The yellow and blue colors respectively indicate the
positive and negative anomalies of vorticity that have exceeded the significance test at the 0.1
confidence level. Shaded area is Tibetan Plateau.
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Fig.8 The Composite vertically integrated water vapor flux vector anomaly in the troposphere
from 1000hPa to 300hPa (vector, unit:kg*m*s?), water vapor flux divergence anomaly (shadows,
unit:10°kg*st*m=2) for the four extreme precipitation events categories separately. Black

vectors indicate wind speed exceeding the significance test at the 0.01 confidence level.
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Fig.9 Latitude-altitude cross-section of wind anomalies (orange vector, unit: mes?),
atmospheric temperature anomalies (shaded areas, unit: C) and geopotential height anomalies

(contours, unit: gpm) over the region 110~122.5°E for the four categories separately. The
components of vectors are meridional wind anomalies and vertical velocity anomalies (units: m*
s1). Green vectors indicate wind speed exceeding the significance test at the 0.1 confidence level.
Red (blue) shadows indicate positive (negative) temperature anomalies exceeding the
significance test at the 0.1 confidence level. Red lines represent the location of the westerly jet (U
=30m*s?). Red dotted lines indicate the location of Yangtze-Huaihe River basin.
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