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Abstract An extreme rainfall event [maximum of 1056.7 mm (24 h)™'] induced by an ultra-long-duration, linearly-

shaped mesoscale convective system (S-MCS) occurred over Gaotan town (GT) of the Guangdong Province on 30-31
August 2018. This event broke the highest record for the Guangdong Province, caused a severe flash flood, and created
social concern. Using multiple observations and NCEP/NCER_FNL data, we performed an evaluation of the precipitation,
convection, and environmental conditions as well as initiation and maintenance for the f~-MCS. The data showed that the
tropical cloud clusters moved northward and induced large-scale heavy rainfall, with a background of a monsoon
depression in a mesoscale favorable environment. A linearly-shaped f-MCS, characterized with a back-building, ultra-
long-duration, quasi-stationary, low echo-top-height, and low echo-convective-centroid was responsible for the record-
breaking rainfall over GT. Analysis using a rotation rate equation of sea and land breezes indicated the convection
initiation and organization are closely related to the near-surface flow affected by multiscale systems. Southerly flow was
sustained for a long period that was determined by reverse forces between the monsoon depression, local terrain, and
barometric gradient, while all three came to a balance. Strengthening of the southerly flow on the HJ river valley side over
the terrain slope helped warm-ridge development of the temperature field, blocking cold pooling. The outflow boundary
moved southeastward on the mountain side over the terrain slope, leading to a sharp temperature gradient in that region.
Quantitative diagnosis using a mesoscale atmospheric dynamics equation demonstrated the dynamic mechanism

sustaining the convection maintenance and S-MCS organization to local vertical wind shear, causing a sharp temperature

gradient.
Keywords Extreme rainfall, Linearly-shaped S-MCS (Mesoscale Convective System), Convection organization,
Temperature gradient, Local vertical wind shear
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Fig. 1 (a) Automatic weather stations (AWSs) for the observed accumulated rainfall (=50 mm) from 0500 BT 30 Aug to 0500 BT 31 Aug 2018
(units: mm), gray shadings represent terrain elevation; (b) 90 m-resolution topography from satellite. Yellow and green frames in (a) and (b) denote the
control region for Gaotan (GT) and Luhe (LH), respectively; representative rain gauge observations “ X from AWSs, station numbers: 711730 [1056.7
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Fig. 5 (a) Vertical cross section of radar reflectivity for the linearly shaped f-MCS around GT town at 1800 BT 30 Aug 2018 (the magenta-colored
dashed line denotes the top boundary of the 40 dBZ convection echo; the diagram at the top right in (a) denotes the radar reflectivity at 1.5° elevation at
the corresponding time); (b) the radar reflectivity three-dimensional structure at 1942 BT 30 Aug around GT town (the radar reflectivity three-
dimensional structure shaded in yellow and red colors denotes convective echo >40 dBZ, while shaded in blue denotes top echo with reflectivity
<20 dBZ; the diagram at the top right in (b) denotes the three-dimensional structure for the Doppler radar velocity around GT town at the

corresponding time)
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Fig. 6 500 hPa geopotential height (solid black contours, units: gpm), 925 hPa wind (white barbs) and precipitable water (PWAT, color shading,
units: mm) from NCEP/NCAR_FNL analysis data at (a) 0800 BT and (b) 2000 BT 30 Aug 2018. Bright blue frames denote the control region for GT
and LH
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Fig. 7 (a) Time-height crosssection of wind [barbs, black (red) barbs indicate wind speed <12.0 m's ' (=12.0 m s )], specific humidity (contours,
units: g kgfl; green contours denote the value for specific humidity from 10 to 14 g kgfl), and pseudo-equivalent potential temperature (6s, shading,
units: K) over GT town government from 0200 BT 28 Aug to 0200 BT 1 Sept 2018 (the dashed frame denotes the O rising stage; the solid frame
denotes the wind speed strengthening stage); (b) latitude—height cross section at 115.30°E for divergence of water vapor flux [green shading, units: g
(hPa cm’ s)fl], stream lines (combine meridional wind with vertical velocity, 100 times for the vertical velocity), and meridional wind speed (magenta
contours, dashed contours denote the values<<5, units: m s ') at 2000 BT 30 Aug 2018 [the blue solidline denotes the coastline; the purple triangle
denotes GT town government (711730)]
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Fig. 8 Skew T-Inp diagram over Hong Kong Kings Park sounding station (45004) at (a) 2000 BT 29 Aug, (b) 0800 BT 30 Aug, (c) 2000 BT 30 Aug,
and (d) 0800 BT 31 Aug 2018. Ambient temperature, dewpoint temperature, and path of adiabatic uplift for parcel are respresented by solid black line,
dotted black line, and solid red line. MUL indicates the most unstable level; LCL, LFC, and El indicate the lifting condensation level, level of free
convection, and equilibrium level, respectively; CAPE indicates the convective available potential energy calculated from the most unstable level; and

CIN indicates the convective inhibition based on the revised virtual temperature of the most unstable level
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Fig. 9 Multiscale schematic diagram for the extreme rainfall event
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Fig. 11 Observed surface gridding wind field at (a) 2000 BT 29 Aug, (b) 0500 BT, (c) 1100 BT, and (d) 1200 BT 30 Aug 2018. Wind barbs with a

northerly component are in deep blue and with a southerly component are in magenta; the radar reflectivity >35 dBZ at 2 km above mean sea level

(orange and red shading, units: dBZ); green double solid lines in (b), (c), and (d) denote shear lines; the circle in (b) denotes the Daye River valley; the

gray shadings represent terrain
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Fig. 13 Temperature, dew-point temperature (units: °C), and wind gusts (barbs) at 1 hour interval at Jiangmu Island station [AWS number: 59504

(22.74°N, 115.18°E)] from 2000 BT 29 Aug to 0800 BT 31 Aug 2018
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Table 1 Rotation rate evolution of the near-surface wind direction over the coastline around Gaotan (GT) before and during

the extreme rainfall (from 0500 BT 30 Aug to 0500 BT Aug 2018)
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Fig. 14 Temperature anomalies (units: K) distribution in area around GT (22.7°N-23.4°N, 114.8°E-115.8°E) at (a) 1200 BT, (b) 1800 BT 30 Aug,
(c) 0100 BT, (d) 0400 BT 31 Aug 2018. The blue frames (corresponding to the red frame in figure 10) denote the labeled region (23.08°N-23.22°N,
115.24°E-115.38°E); the “ X ”denotes the GT town government
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Table 2 Evolution of the vertical wind shear in the labeled region (23.08°N-23.22°N, 115.24°E-115.38°E) around GT during
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