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Abstract Auto-weather station observations and ERA-Interim reanalysis data are used to investigate large and meso-scale cir-
culation characteristics related to short term heavy rainfall events over Beijing during June to August from 2007 to 2014. This is
done by classifying large-scale synoptic circulations. The results show that: (1) according to their occurrence frequencies,
weather systems generally are able to be classified into four synoptic types for short term heavy rainfall events. i. e. the interac-
tion between subtropical high and western trough ( [ ), small trough moving along the westerly stream (][ ), cold vortex in
northeastern China ([l ), and low-pressure vortex or inverted trough over Huanghuai Plain (V). Except that water vapor
comes from Bohai Sea and Yellow Sea for Type [ll » for the other three patterns the water vapor are related to remote supplies
from the South China Sea and the East China Sea; (2) temporal and spatial distributions of short-time strong rainfall are differ-
ent with different weather systems: the rainfall distribution is along the southeast-to-northwest mountain range extending from
the southeastern plain across the urban area to northwestern mountains under Type IV. However, the rainfall distribution un-
der the other three types is generally along the southwest-to-northeast mountain range (also along the topography in Beijing ar-
ea). In particular, three high frequency centers are located in front of at the southwestern and northeastern mountains and cen-
tral urban area respectively. Looking at the time series, it is found that short-time strong rainfall mainly occurs in the afternoon
for Type [l » from dusk till mid-night for Type [ , and at night for Type [[ and [V; (3) looking at the meso-scale characteris-
tics, convections over mountainous area in Beijing are often triggered first by cold air at the lower level in western and northern
Beijing , followed by organized thunderstorm highs. The cold pool outflow from the thunderstorm high and the warm moist air-
flow from the southerly winds in front of the mountains converge, further intensifying convections; for Type [ , the southeast-
erly winds at the boundary layer are blocked by the terrain in front of the northwestern mountain over Beijing. The flow bifur-
cates around the two sides of the mountains. The southwestern branch generates a cyclonic circulation and triggers convective
weather over western urban area; the northeastern branch generates a terrain-induced convergence line in front of the mountain,
and vertical motion strengthens at the nighttime because the southern component of the southeasterly winds enhances obvious-
ly, and triggers convective weather in front of northeastern mountains. As a result, two separate high-frequency rainfall cen-
ters characterized by nighttime rainfall appear. For Type [l , cold air invades from the north or west of Beijing, and meet with

easterly winds at the lower layer in front of mountain, leading to convective weather in the afternoon. For type [V . the easterl
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flow at the top of the low vortex over Huanghuai Plains is lifted by the terrain in front of western mountains, which triggers
convections. Mesoscale cyclonic circulation gradually forms, resulting in short term heavy rainfall.

Key words Short-term heavy rainfall, Synoptic type, Mesoscale, Topography
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Fig.1 Topography (shaded) and automatic weather observation stations (black spots) over Beijing region
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Fig.2 Atmosphere circulation of Type 1.

(a) Composite and anomalies (shaded) of geopotential
height (unit: dagpm) at 500 hPa, (b) anomalies of
wind field (vector) and temperature
(shaded) at 850 hPa, (¢) anomalies of water
vapor flux divergence (shaded)

and water vapor flux at 925 hPa

T e LKA
e e ¢

150°E

7 m/s

B3 79 XM B ER U ARAE (. 500 hPa 373455 1 4 5 (B {H LR L B4« dagpm) FIEE V-3 () L b. 850 hPa KA EE T (R4
FR BE 3 BEF- (BB . 925 hPa 7K VR0 8 H0RE (B FI7K VR E & K 1 9 BE P39
Fig.3 Atmosphere circulation of Typell. (a) Composite and anomalies (shaded) of geopotential height (unit;dagpm)

at 500hPa, (b) anomalies of wind field (vector) and temperature (shaded) at 850hPa, (c) anomalies of water

vapor flux divergence (shaded) and water vapor flux at 925 hPa



924

K444 2016,74(6)

Acta Meteorologica Sinica

125 135°E

10 g/(s - hPa - m)

Y 3
Fig. 3 Contiune

1111 |ooco—r
Rl SR RN
o R RN )

125 —_—
8 g/(s - hPa - m)

135°E

ZRAE¥E s 500 hPa i B B3 0 2 30k b &
PG AR VAR AL IR 20 3 X A 7 7 B X G 5
AL T G G K (] 4a) o X6 850 hPa i1 K37
FEF AR L 3 XA — B B OB PE RO Lt 3832

T
5
- " 4
DT o a2
A AIHE 3
YA XS <<
2
1
o -1
e -2
-t
P Iy -3
20 P ’;22
;g;izziffm,:
A N
/‘/’/";;/’/"a>v
10 : IR0
80 100 120 140°E
8 m/s
B4 ARALY i AU A FRRIE
20s) (a. 500 hPa {3 %5 B A& %3 (SF(E4R , P07 dagpm)

A3 (€ B o b. 850 hPa KU I F- (R4
TR BE 2 BE P (LB ) 5 . 925 hPa /K Y3 fit HiEE
CE Y FIK P iR 3D
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(a) Composite and anomalies (shaded) of geopotential
height (unit: dagpm) at 500 hPa, (b) anomalies of
wind field (vector) and temperature
(shaded) at 850 hPa, (¢) anomalies of
water vapor flux divergence (shaded)

and water vapor flux at 925 hPa
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(a) Composite and anomalies (shaded) of geopotential
height (unit: dagpm) at 500 hPa, (b) anomalies of
wind field (vector) and temperature (shade) at 850 hPa,
(¢) anomalies of water vapor flux divergence (shaded)

and water vapor flux at 925 hPa
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