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Characteristics and Predictive Focus of Torrential Rain Along the Outer

Boundary of West Pacific Subtropical High in Hebei Province
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Abstract; Composite analyses of 69 torrential rain cases along the outer boundary of West Pacific subtropi-
cal high (WPSH) are carried out, based on the upper-level and surface observations, NCEP/NCAR reana-
lysis and the rainfall data of Beijing, Tianjin and Hebei Province. The results show that: (1) The frequen-
cy of torrential rain events increases obviously from the northwest to the southeast of Hebei Province, ac-
companied by three high-frequency areas, which are located in Qinhuangdao and Tangshan at the south
foot of Yanshan Mountain, Xingtai at the east foot of Taihang Mountain and Cangzhou and Hengshui in
Hebei Plain, respectively. There are two low-frequency areas, located in the mountains of the northwest
of Baoding and the area in the north of Zhangjiakou and the north of Chengde respectively. (2) The 69 tor-
rential rain cases can be divided into three groups according to the flow patterns of WPSH, which are
called blocking, quasi-east-west banding and northeast-southwest banding WPSH, respectively. Some typ-
ical flow patterns at 500 hPa and the frequency of rainfall over 50 mm and 100 mm in each group are plot-
ted by composite analysis, and spatial distributions of the elements including the atmospheric precipitable

water vapor, CAPE, vertical velocity at 700 hPa, pseudo-equivalent potential temperature and K index etc.
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are given out. (3) Based on the statistics, the mean and extreme values of some physical quantities of the

69 torrential rain cases are counted, which can be considered as the important clues to forecast the amount

and location of heavy rainfall, and to estimate the extremity of torrential rain in weather forecasting opera-

tion. (4) More attentions should be paid to the location and intensity of the middle/low-level convergence

in addition to the location, intensity and flow pattern of WPSH and the upper trough in the operational

forecasting of the torrential rain along the outer boundary of WPSH. Severe rainfalls are prone to occurr in

the areas along the 584 or 586 dagpm line at 500 hPa, the shear or the center of the vortex at 700/850 hPa,

as well as the inverted trough or the center of the surface low pressure.

Key words: West Pacific subtropical high (WPSH), torrential rain, classification, composite analysis
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Fig. 1 Spatial distribution of some statistical quantities from the 69 torrential rain cases
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(a) frequency of rainfall over 50 mm, (b) frequency of rainfall over 100 mm,

(¢) mean rainfall, and (d) extreme rainfall (unit; mm)
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Fig. 2 Composite analysis of synoptic circulations of the 69 torrential rain cases
(a) 200 hPa, (b) 500 hPa, (c¢) sea level pressure (unit: hPa)

(In Figs. 2a and 2b, blue lines: geopotential height, unit: dagpm; red lines: temperature, unit; C)
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Fig. 3 Typical flow patterns at 500 hPa from 16 blocking WPSH cases
(a) 08.00 BT 23 July 2005, (b) 08:00 BT 30 July 2007, (c) 08:00 BT 21 July 2012

(solid lines: geopotential height, unit: dagpm; dot lines: temperature, unit; C)
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Fig. 4 Spatial distribution of frequencies of the rainfall over (a) 50 mm,

(b) 100 mm from 16 blocking WPSH cases
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Fig. 5

Typical flow patterns at 500 hPa from 40 quasi-east-west banding WPSH cases

(a) 08:00 BT 12 August 2004, (b) 08:00 BT 14 July 2006

(solid lines: geopotential height, unit: dagpm; dashed lines: temperature, unit: C)
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Fig. 6

Same as Fig. 4, but for 40 quasi-east-west banding WPSH cases
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Fig. 7 Typical flow patterns at 500 hPa from 13 northeast-southwest banding WPSH cases
(a) 08:00 BT 31 August 2012, (b) 08:00 BT 19 July 2010

(solid lines: geopotential height, unit; dagpm; dashed lines: temperature, unit; C)
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Fig. 8 Same as Fig. 4, but for 13 northeast-southwest banding WPSH cases
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Fig. 9 Composite analysis of atmospheric precipitable water vapor (PWV) (unit; kg * m %)
(a) blocking WPSH, (b) quasi-east-west WPSH, (c¢) northeast-southwest WPSH
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Table 1 The mean and maximum values of some physical quantities of 69 torrential rain cases
L7/BLiN i -1 {E e KAl
700 hPa i /g « kg™ ! 7~9 11~13
850 hPa /g « kg™ ! 9~13 13~18
KA KR/ kg » m™? 40~56 64~82
850 hPa #& sl JE/ C 9~16 16~20
700 hPa 2 i/ C 2~6 8§~12
850 hPa /KK A EHUE /10 " g« hPa !+ cm 2 ¢ 57! —2~—1 —4~—2
850 hPa fBAH 4 i i 330~346 K(57~73C) 344~366 K(71~93C)
K 5%/ C 28~34 38~42
CAPE/] « kg ™! 200~1400 2000~5000
200 hPa /1075 7! 0.6~1.2 6~13
850 hPa #(F /10 ° s ! —0.2~0.6 —12~—4
500 hPa B /1075 s7! —0.4~0.4 7~13
700 hPa 3 /1070 s 1 0.4~1.6 8§~16
850 hPa W& /10 ° s ! 1.2~2.4 6~21
700 hPa e H # i /Pa » s ! —0.1~0.2 —3.6~—0.8
850 hPa I Hi# i /Pa « s ! —0.2~—0.05 —0.8
b T B SR EE/ C 20~24 26~29
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