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Abstract A brief torrential rain event with a broken-recorder hourly precipitation of 90. 8 mm and especially 82 mm received at
Tailai in the latter half hour reaching the level in a 100 year return period struck the middle-west of Northeast China on 10 Au-
gust 2006. This paper is focused on synoptic background, mesoscale environment and triggering mechanism of the mesoscale
convective systems (MCSs), by using the conventional and intensive observations from an automatic meteorological stations,
satellite source and weather stations. The study of development process of MCS from meso-yto a meso-a convective complex
(MCC) by analyzing IR cloud maps and high-resolution visible images ,shows that the MBCS associated to the total of six cities
and towns each with >>33 mm precipitation in 30 min (heavy rain MCS span divided into two stages, i. e. , before and after
MCC maturity) is characterized by the fact that at first stage, MBCS moves mainly towards the east, resulting in the mergence
into a MCC, and at the second stage, MBCS occurs at the southwestern periphery of the MCC, where the brief strongest rain-
storm happens. As shown on the still higher-resolution visible image there are two lines of cumuli and at their meeting location
MRBCS experiences so vigorous development that torrential rains take place. Study of the causes of MCS intensification and rain-
storm shows that (1) just before the heavy rains occur, there are high temperature, considerably wetness and unsteady convec-
tive stratification in the air over the rainstorm-hit area, in addition to significant increase in convectively efficient potential ener-
gy, condensation height and decrease in the height of free convection-all these favor the happening of the heavy rain, (2) the
mergence of meso-Bcloud clusters leads to the MCS such fast growth as to produce rainstorm, (3) the two lines of cumuli in the
north and west correspond, separately, to two convergences on the surface wind field, with stronger convergence at their meet-
ing point responsible for such intense development of meso-Bcloud cluster as to bring about torrential rains. Analysis of causes
as to why MCS propagates to the southwest of MCC indicates the propagation direction depends on the direction and velocity of
the two convergences. Finally, the appearance of northerly flow and the metabolism from old into new clouds act as a key factor
for triggering the rainstorm. These results can be a useful reference for foreshadowing short-time torrential rains.

Key words DBrief torrential rain, MCC, Meso-fconvective system, Shear convergence line, Trigger mechanism.
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Fig.2 Precipitation (R) and pressure (p) at 1 minute interval during the 2 hours of the rainstorm occurring in

(a) Longjiang, (b) Qiqgihar, (¢) Tailai, (d) Dumeng, (e) Zhenlai, and (f) Taonan on August 10 2006

(The arrows denoteg precipitation peak values)
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F 1 b b PRI 2 R B R A BE (CAPE) 6t 34 fE B (CIND L BB FE (T A THEE4E 55 B (LCL) |
K 4580 (KD RS A [k B (PW) ML T 38 TH48 B (LD | i 18 B AH 24 057 35 (0. ) F0 4l T8 AH X 38 2 (RHD

Table 1 Convective available potential energy (CAPE) ,convective inhibition energy (CIN),total temperature (Tt),lift condensation

level (LCL),K index (KD, precipitable water (Pw) ,surface lifting index (LI) , ground surface pseudo-equivalent potential

temperature (0,.) and ground surface relative humidity (RH) calculated from soundings in mid-west of NE China

CAPE CIN

LCL

s [ il A J/ke) (/ke) Tt(C) (hPa KI ~ PW(mm) LI 0.(K) RH(%)
9H BT 3126 57 50 947 12 54.1 -8 353 88
20 I} L 0 0 53 881 30 56. 7 0 333 73
F FFE IR 1502 217 47 904 30 69.3 -3 347 70
K# 3368 6 50 937 39 97.3 -7 358 83

10H wor. o 0 44 936 27 5.7 1 330 82
08 mf #ie 172 376 57 909 41 77.2 -1 334 82
FF 5 G IR 2203 6.8 55 961 35 87.1 -7 346 88
K% 2063 1.9 50 966 39 82.7 -5 351 94

woH wor 760 103 43 962 32 1.2 -3 338 94
20 It L 0 0 45 909 32 63.7 2 330 82
FFFFIEIK 197 260 49 974 34 86. 2 0 333 93
K# 2544 5 51 936 38 97.5 -7 353 84

ua wor 217 93 45 936 21 58.2 0o 333 82
08 it L 0 0 37 937 -16 35.0 8 324 94
3 FE IR 517 0 44 975 31 71.5 0 333 94
K# 564 0 41 965 26 82.4 0 338 94

G343 1 43 A R LAE . R T R AR (10
H 08 i) ,400 hPa LA k) o JXUB w5 B2 G B 4
B P3RS & AR . 400 hPa LR (), A BE ()
S SN T R AN R BE . 2R R AR T (10 H 08
) KTE B )42 Ry AR 2 I 2R XL, i 850 hPa Jy 7R
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EF =T
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Ttz A R s R e A . 28 K I SR 7K ok & 2B A
13—14 B, % 4h,13—14 B th2 FH 3 B, C Z /)
=W I B = B R R W 14 BT N SR
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n]32 3

15 if MCC 4k 2% 10 V5 /e & & IF 5 1) A3k J5 [
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K7 2006 4E 8 H 10 H 13—18 iy MCC &4 ¥r BX FY-2C TBB Fl & 43 3 R 0] WLt = A
(6 /N Sy 6 A2 1 D
Fig.7 As in Fig. 6, but for the mature MCC period from 13:00 to 18:00 BST 10 August 2006
(Six white circles represent six heavy rain stations;panels a—{ are from 13:00 to 18.:00 BST

with an 1 hour interval, so are the panels aa — {f)

TR R B Tee) . UL WIEPE I B SO B i) A9
VUM T B9 4k . 16—17 b 480 3iT APk w2 Dy IF % T 17— 18 I P4 g o %8 B4 i3 4K 2= 4k 25 Jig L B
e Bz W &I BIMCC = W5 X i o 20k i B8 kM IRIR I B2 Ak b b 5 T e I A b 2= T
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Fig. 8 Time-evolution of two convergence lines,
one in the north (thin solid lines) and the other

in the west (heavy lines)

[# 9 20064 8 H 10 H 14 B Hb & 25
A 3l W 4» #r TBB. & i i 7=
(B . TBB, M T8 W37 (K 4 m/s) /NTHER BT -1 h Bk &
(mm) 5228 25 2k (] FE 1 hPa) s B2k Hdb (P FIPE CRO B &
WAL, B LEAL o, GoE PO DARE L)

Fig. 9 Surface analysis of intensive data from an

automatic meteorological station on 10 August 2006
(Shades represent TBB, bars for surface winds and long bar is
4 m/s. The digitals in a small box denote 1 h precipitation sum at
14:00 BST. Solid lines represent sea level pressure (interval
of 1 hPa) .dashed line denote two convergence lines in the
north and in the west. B denote nascent cloud clusters

on the western line, and G/D the high/low pressure center)
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Fig. 10 Surface analysis of TBB, surface winds
(long bar for 4 m/s) and intensive data from the automatic
meteorological station at 08:00 BST, 10 August, 2006
(The four long arrows denote airflows in four directions,

bold dot-dashed lines designate convergence

lines (10 °s~ 1))
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