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Abstract: Based on the conventional observation data and the Guangzhou Doppler weather radar data, this
article analyzed the synoptic background, mesoscale systems and predictability of the torrential rain
process which occurred in Guangzhou on 7 May 2017. By contrasting the members of ECMWF ensemble
forecast which successfully forecasted the local heavy precipitation on 7 May 2017 with the failed member,
key triggering factor affected this process was investigated. The results show that the ambient condition
and dynamic forcing were weaker on 7 May 2017. In the context of weak wind field, a convergence line

formed between the warm flow from the sea and the cold downslope wind in the front of mountain,
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combined with the intense temperature gradient, initially triggering the generation of convective storms.
Subsequently, the outflow of the preexisting thunderstorms impacted the warm, moist flow at boundary
layer, inducing new convergence lines continually. Therefore the weakened storm-cells enhanced again and
aroused the second stage of heavy rainfall. The first stages of the local torrential rain on 7 May 2017 was
induced by short-lived severe local storm with a meso-vortex evolved from the steady and strong block-
shaped echo. The second stage of this torrential rain was caused by long-lived heavy precipitation ( HP-
type) supercell storm. However, the band echo merging from a mass of new-born convective cells and
moving eastward with the short-wave trough was responsible for the third stage of this torrential rain. The
radar echo had the low-quality core vertical structure and warm cloud precipitation character during all the
three stages. It has turned out that more enhanced temperature gradient and surface wind convergence
might be the important triggering factors for local severe precipitation. This finding is based on the mem-
ber comparison of ECMWF ensemble forecast that successfully forecasted the local heavy and weak precipi-
tation on 7 May 2017. Now, it is still difficult for numerical models to forecast the extremely heavy rains

in short lead-time forecast under the condition of warm sector and, especially, the weak wind field. The

main method for this is to enhance rainstorm disaster monitoring and early warning.
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Fig. 1

(a) Distribution of accumulated rainfall in Guangzhou during 00:00—17:00 BT 7 May,

(b) time series of hourly rainfall during 00:00—09:00 BT 7 May 2017

at two automatic weather stations: Jiulong Town (green bars), Yongning Street (red bars)
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Fig. 2 Synoptic charts at 20:00 BT 6 May 2017 (a) geopotential height (isoline, unit: dagpm) .,
superimposed with horizontal wind barbs at 500 hPa; (b) temperature (red solid line, unit: C),
relative humidity (shaded area, unit; %), superimposed with horizontal wind barbs at 850 hPa;
(¢) temperature (grey solid line, unit: C), equivalent potential temperature 0.,
(shaded area. unit: K). superimposed with horizontal wind barbs at 925 hPa;
(d) sea level pressure (unit: hPa. Red solid lines denote SLP at 20.00 BT 6 May,
black dashed lines represent SLP at 02:00 BT 7 May, dots denote variation
of 24 h SLP at 20:00 BT 6 May 2017)
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Fig.3 Vertical profiles plotted on skew T-logp diagram of temperature (red line) ,

dew point temperature (green line) . and ascending curve of air parcel (blue line)

at Qingyuan Sounding Station (a, ¢) and Heyuan Sounding Station (b, d)
at 20:00 BT 6 (a, b) and 02:00 BT 7 (¢, d) May 2017
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Fig. 4 Radical velocity (a, b) and reflectivity (¢, d) of Guangzhou Radar
at 0.5° (a, ¢) and 1.5° (b, d) at 02:24 BT 7 May 2017

(Circle represents the supercell of heavy precipitation, arrow indicates

“V” shape gap and the corresponding mesoscale cyclone)
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Fig. 6 Reflectivities of Guangzhou Radar causing heavy rain in Guangzhou City
at 07:48 BT (a), 10:12 BT (b) and 11:00 BT (¢) 7 May 2017
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Fig. 7 Cross-section of reflectivity (a, unit; dBz) and radial velocity (b, unit: m* s ')

from Guangzhou Radar at 05:42 BT 5 May 2017
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(a) Topography of parts of Guangzhou (unit: m, Blue triangles 1 and 2 represent locations

293 294 295 296 297 298

Fig. 8
of the initial convective storms at 00:00 BT and the extreme precipitation during 05:00—

06:00 BT 7 May 2017, respectively); (b) 1 h accumulated rainfall from 00:00 to 01:00 BT
7 May 2017 (shaded area, unit;: mm); (c) temperature anomalies (shaded area, unit: C),

superimposed with surface wind barbs at automatic weather stations over

Pearl River Delta at 18:00 BT (a) and 23:00 BT (b) 6 May; (e, f) temperature
above surface 2 m and at 925 hPa at 20:00 BT 6 May 2016 analyzed by
CHAF-3 km model, respectively (shaded area, unit: K)
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Fid. 9 (a) Accumulative precipitation during 20:00 BT 6—20:00 BT 7 May predicted by different numerical models

and observation from four national basic stations of Guangzhou; (b—e) radar echoes forecasted in the 3—6 h

by CHAF-3 km model with initial time at 20:00 BT 6 May 2017, respectively

(Brown and red triangles represent locations of Huadu and Zengcheng in Fig. 9b)
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Fig. 10 Accumulated precipitation based on preferable members of ECMWF ensemble prediction

at different initial time during 20:00 BT 6—20:00 BT 7 May 2017; (a—e) ensemble members:
No. 4. 9, 11, 21, 36 from initial time at 20.00 BT 6 May, with lead time 0—24 h; ({—h) ensemble

members: No. 6, 10, 25 from initial time at 08:00 BT 6 May, with lead time 12— 36 h;
(e) No. 36 ensemble from initial time at 20:00 BT 4 May with lead time 48—72 h

5 HiwHihe

(Brown and red triangles represent locations of Huadu and Zengcheng in Fig. 10a)
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Fig. 11 Comparative analysis of temperature and surface wind between members predicting heavy

and weak precipitation (shaded area, unit; mm) from ECMWF ensemble forecast

during 02:00—08:00 BT 7 May based on initial time at 20;00 BT 6 May 2017

(a, b) accumulated precipitation during 6 h from No. 9 and No. 20 members predicting

heavy and weak precipitations; (c, d) difference distribution of above surface 2 m

and 925 hPa temperature and wind at 02:00 BT 7 May 2017 respectively predicted

by No. 9 and No. 20 ensemble members

(Brown and red triangles represent locations of Huadu and Zengcheng in Fig. 11a)
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