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Structure, Triggering and Maintenance Mechanism of Convective Systems

During the Guangzhou Extreme Rainfall on 7 May 2017
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Abstract: A very extreme rainfall event occurred on 7 May 2017 in Xintang Town, Zengcheng District of
Guangzhou with maximum hourly precipitation exceeding 180 mm and 3 h rainfall exceeding 330 mm
(shortly “the 5 ¢ 7 extreme rainfall event”), causing severe economic damages. The rainfall process can be
divided into two stages: Huadu rainfall stage and Zengcheng rainfall stage. The severe rainfall was mainly

concentrated in two or three hours. The maximum minutely rainfall was high up to 5. 0 mm. About
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120 mm of the rain poured between 05:30 and 06:00 BT for the extreme hourly precipitation of 184. 4 mm
in Xintang Town of Zengcheng. Some negative lightning was observed during the Huadu rainfall stage and
only several lightning occurred during the Zengcheng convection stage. Both radar reflectivity and satellite
images show that the severe convective rainfall system was characterized by small-scale and rapid develo-
ping. The radar vertical profiles show the convection featured low-echo-centroid warm-cloud precipitation.
There was remarkable spatial inconsistency between radar maximum reflectivity and minimum TBB of sat-
ellite image during the mature stages of the convection. The strong updraft was the cause of the spatial in-
consistency between radar maximum reflectivity and minimum TBB. The topographic radiation cooling
formed the surface cold center near Huadu. The terrain combined with large-scale weak cold air blocked
the north-moving warm, moist flow, and the convection was finally triggered near Huadu. The continu-
ously transport of warm, moist air and blocking of Huadu terrain maintained the mesoscale convective sys-
tem (MCS) during 01:00—03:00 BT in Huadu. The south-moving large-scale weak cold air enhanced the
cold pool, and pushed the MCS to move southward rapidly in 03;00—04:00 BT. The combination of
south-moving MCS and local convection enhanced the convection over Zengcheng Region. The cold pool
driven theory can explain the long-time maintenance and development of the MCS over Zengcheng. Both
weak ambient flow and southward surface flow made the MCS slowly move during the two heavy rainfall
stages. Thus, the extremely severe rainfall over Huadu and Zengcheng of Guangzhou took place.
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Fig. 1 Distribution of total rainfall during
00:00—10:00 BT 5 May 2017
(Different colorful dots represent different rainfall
amount, with greater than 300 mm labeled with
specific rainfall values; the shaded is the height
above sea level; blue ellipses are heavy rainfall
centers; red lines are administrative boundaries

of Huadu and Zengcheng Districts)
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Fig. 2 Variation of hourly and total rainfall in
Huashan Town (711059, gray) in Huadu District
and Xintang Town (713322, black) in Zengcheng

District during 01:00—14:00 BT 7 May 2017 (a),

and the minutely rainfall during the maximum
rainfall intensity hours for the two stations (b)
(Those hours with rainfall greater than 10 mm

are labeled with specific rainfall values)
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Fig. 3

Synoptic pattern of (a) 500 hPa geopotential height (blue lines) ., temperature (red line) ,

850 hPa temperature (green lines), and site mapping, and surface weather charts
at (b) 20:00 BT 6 and (c¢) 02:00 BT 7 May 2017

(Blue lines in surface chart are isobars, black short lines represent surface shear lines;

brown lines represent the 500 hPa troughs)
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Fig.4 Sounding curves at Qingyuan Station in Guangdong at (a) 20:00 BT 6
and (b) 02:00 BT 7 May 2017

(Solid red line is temperature; dotted red line is dew temperature; red filled area indicates

the CAPE; numbers on the right side of vertical axis are geopotential heights

of the isobaric surfaces, unit: dagpm)



474 A

% F R

(Davis, 2001), %625 GEkH Ay 48 10 H & R B K
FRUBE B 45 18R R T R B K A R K BE A DA K
AR S A0] H  B L 3 B 0 I AR 5 A B fil kL2
R 45 Ty 1 S BE A

3 R AR GE AL NS5 F AL

AT LR G NHZ 6 73BN — AR TH

o

W
R
ﬁ < .

—

BB 10 S BPFEAE 8 S b AR T A UL B¢
Tk S 0T 7 He AT AR 39 SR i 8 A K ) X O 2R G
AR 1o R FEEFA R AR HEAT 20 AT

3.1 MU REHZRET

TG — AR IR YL A SR A T RIS 8
51102 pm Z041 58 T8 AR 2 R AR 5L IR (TBB) i A2 4%
W CEI5) .6 H23:36—23:42, 460 IX i 3 45 IX.

;

5 2017 4£ 5 A 6—7 HARMZIR T MERHE K RE T EEEED .,
BEAE 8 555 14 @ IE (PO 11,2 pm) TBBCR A L) |
IR HL 21 @2 IR SR 21 (6 3 IE DD RN B K (5600 20D 43 A
()6 H 23:48,(b)7 H 00:00,(c)7 H 00:30,(d7 H 01:00,(e)7 H 02:18,
()7 H 03:00,(g)7 H 04:00,(h) 7 H 05:12,()7 H 05:30
CHE 5] 220 18 /I IR 88 7 R DA PR by 3 ) 220 2 T 1 /N 8 SR (L A el 220 8 /0 B K
A FL g T AR I IR AL 1 /N SR 5 20 €8 2R Ay A 40 DRI 38 IX 1 47 B 7Y
Fig.5 Distribution of Guangzhou radar composite reflectivity (shaded area), the 14th channel
TBB of Himawari 8 (wavelength 11. 2 pym, bandwidth 0. 20 pm), lightning

(amaranth 4 and + are for negative and positive lightnings respectively), and

hourly rainfall (solid dots) at different times in 6—7 May 2017
(a) 23:48 BT 6, (b) 00.00 BT, (¢) 00:30 BT, (d) 01.:00 BT, (e) 02:18 BT,
() 03:00 BT, (g) 04.00 BT, (h) 05:12 BT, and (i) 05:30 BT 7 May

(The hourly rainfall on the hour is the one hour accumulated rainfall before it, while for off-hour is the hourly

accumulated rainfall; red lines are the administrative boundaries of Huadu and Zengcheng Districts)
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Fig. 6 Profiles of reflectivity (a, c, e) and radial velocity (b, d, {) of Guangzhou radar
at different times on 7 May 2017
(as b) 00:00 BT, (¢, &) 02.:18 BT, (e, ) 05:30 BT
(The positions of profiles at corresponding time are marked in Fig. 5 by white lines; dashed blue lines represent
the height of 0'C temperature; upper numbers in the horizontal axis are the distance to the radar site, while the

lower numbers are the azimuth with north to 0 degree, increasing clockwise)
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Fig. 7 Evolution of surface shear lines (a) before and (b) after the

triggered convective systems on 7 May 2017

(Shaded area is terrain; blue dots indicate locations of the two automatic weather stations

used for surface temperature analysis with station numbers)
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Fig. 8 Hourly surface temperature variation
at the two automatic weather stations from

12:00 BT 6 to 07:00 BT 7 May 2017

(locations shown in Fig. 7)
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Fig. 9 The surface temperature (red lines. 0.5 C interval) and dew temperature (blue lines. 0.5 C interval)

analysis and wind field at automatic weather stations at different times
(a) 22:00 BT 6, (b) 23:00 BT 6, (¢) 00.00 BT 7, (d) 01.:00 BT 7,
(e) 02:00 BT 7, and (f) 03:00 BT 7 May 2017

(Shaded area is terrain; green numbers are the corresponding hourly rainfall)
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Fig. 10 Same as Fig. 9, but for (a) 04:00 BT. (b) 05:00 BT
and (¢) 06:00 BT 7 May 2017
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Fig. 11 Schematic diagram of cold-pool

driven convective systems
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Fig. 12 The graphical representation of
the motion (Vyg:) of a MBE
within a MCS as the vector sum of
the leading flow in the cloud layer (Vi)
and the propagation component (Vprop)
[Propagation component (Vprop) is generally
assumed to be equal to the low-level jet (V1))

in opposit direction; adapted from Corfidi et al, 1996 ]
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