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Abstract: In the early morning of 7 July 2016, due to the influence of mesoscale convective
system (MCS), a sudden local rainstorm occurred in Nanjing. Development of the MCS including
convection triggering, quasi-stationary backward propagation, heavy rainfall supercell and cold
pool driving lasted for nearly 8 hours and resulted in serious waterlogging. The weather
background and MCS evolution characteristics of this heavy rainfall process were analyzed in
detail by using multi-source datasets from Doppler radar, automatic stations, wind profile, China
regional reanalysis (CNRR), Jiangsu merged assimilation analysis and so forth. The results
showed that the transit of a mesoscale forward-tilting trough induced low pressure at the surface,
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strengthening convergence, forming an uplifting movement and triggering linear convective
storms. The warm and humid southwesterly flow between 3km and 6km was significantly
enhanced and uplifted in the meso-B-scale secondary circulation, the favorable configuration of
the meso-y-scale low-level low pressure and the southwesterly flow made the MCS over Nanjing
exhibit a quasi-stationary feature of backward propagation, and eventually leading to a heavy
precipitation supercell in 8 consecutive radar volume scans. The drag effect of heavy precipitation
formed a downdraft, which led to the outflow near the surface and stimulated a new convection on
the south side, causing the MCS to move slowly to the south. As the downdraft strengthened in the
MCS, a cold pool appeared on the ground. The strong divergence accelerated the movement of the

MCS, and then the heavy precipitation process ended.

Key words: mesoscale convective system (MCS), backward propagation, heavy precipitation

supercell, cold pool
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Fig. 1 Observed 8h-accumulated rainfall of Nanjing (a) and hourly rainfall of Meishan Second

Middle School (b) from 00:00 to 08:00 BT 7 July 2016
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Fig.2 Weather map (a and (b) skew T diagram of Nanjing at 20:00 BT 6 July
(In Fig.2a,blue lines: potential height at 500 hPa, unit: dagpm, brown line: trough at 500
hPa, green line: wet area at 500 hPa, black barbs: wind at 500 hPa, brown arrow: streamline
at 700 hPa, red double lines: shear at 850 hPa, grey arrow: streamline at 925 hPa, red

triangle: location of Nanjing)
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Fig.3 The radar reflectivity of Nanjing at 1.5-degree elevation (a) and reflectivity
profile along the white solid line in Fig.3a from south to north (b) at 00:12 BT 7 July 2016.
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Fig.4 (a) The every—6—minute wind profile of Nanjing between 23:36 BT 6 July and 02:00 BT 7
July 2016 (red solid line: the wind transfers from southerly or westerly to northwesterly or
northerly; green arrow: the wind gradually transfers from easterly to northeasterly, the

wind profile stations’ location (red triangles) of Luhe. Nanjing and Gaochun (b)
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Fig.5 The radar reflectivity of Nanjing (shaded, unit: dBZ) at 1.5-degree elevation and

surface divergence (contours, unit: m ® (sX1°) " at 00:11 BT 7 July (a) and 00:49 BT (b)
7 July 2016

6



R : rh RUBE R e 25 M R S5 A TR, T 51 b i A PR 0
SRE T RUAL R T TR AR, S I R i 9 o A X U X A A AL o

3.2 R AR EfE BN

7 H 01:30 JFARAERF AT B P50 AW BT R T AR B T AR T A% Bl 0T N B A
b, AEAREAE XA R GRS AR 20 [ AR A R s, RS, X
FFIE—ERFSEH] 03:40 (& 6a-b) . FH 03:00 SHTR 78 B 5 R W WL, 200N
ARSI, H 50 dBz LLLESRIAN — B, RES AT EEESE (4.7 ko,
B 20 IR EHEARED LT, BT RO &SRR (B 6e) «
me, ALl APk 01:30—03:30 RiTFE/KIAE] 215.5 mm, ELE 4 NS 10 min FE/KEE 20
mm (P& 6d) o BEAL, XU AARE R AR AR, TE R AR BN IR, R A
JEE 1) LA R, AELPE o 8 o 2 0 [ 90 56 2 W SRR K I X R S O e L R A

K6 2016 £ 7 /37 H 03:00 (a) A103:30 (b) FIRUEIA 1.5° ARG HE T (ATITHE: X[
Beit) » 03:30 WK 6a [ LB FREFHITE (¢) 5 01:00—03:40 il —HE5Z 10 min W& (d)
Fig.6 The radar reflectivity of Nanjing at 1.5-degree elevation at 03:00 BT (a) and 03:30
BT July 7 2016 (b, white box: convective echo zone), reflectivity profile along the white

solid line in Fig.6a from south to north (c) and 10-minute rainfall of Meishan Second Middle

School (d) from 01:00 BT to 03:40 BT 7 July
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Fig.7 The every—6-minute wind profile of Nanjing between 01:24 BT and 03:48 BT 7 July 2016

(red area: the area where the southwest wind speed gradually reaches 12m ® Sil)
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solid lines: secondary circulation)
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Fig.9 The radar reflectivity (shaded, unit: dBZ) and retrieved wind fields of Nanjing at
1.2 km (a) and 3 km (b) at 03:00 BT 7 July 2016
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Table 1 The bottom and top height of the meso—cyclone AO, the height of the maximum shear

and the shear in the heavy precipitation supercell from 03:42 BT to 04:26 BT on July 7
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04:26 2.4 5.4 4 11
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Fig. 10 The radar reflectivity at 1.5-degree elevation (a), the radial velocity at 2.4-

degree elevation (b, yellow cycle: meso—cyclone) and the VIL (c) of Nanjing at 04:13 BT 6

July, every-10-minute rainfall of Moling Street from 3:50 BT to 4:40 BT 7 July 2016 (d)
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Fig. 11 The cross section of (a) reflectivity (white box: reflectivity = 50 dBZ, brown
circle: meso—cyclone) and (b) radial velocity (J1: middle-level inflow, J2: downdraft, J3:
updraft, brown circle: meso—cyclone) of Nanjing along the white line from Nanjing radar to

the center of meso—cyclone at 04:01 BT 7 July 2016
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Fig.12 The radar reflectivity of Nanjing (shaded, unit: dBZ) at 1.5-degree elevation and
surface divergence (contours, unit: m* (sX1°) ) at 05:59 BT 7 July 2016 (a) and the
radar reflectivity of Nanjing at 1.5-degree elevation, surface temperature (contours

unit: °C) and wind (barbs) at 06:20 BT (b) 7 July
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