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Abstract Observations of radars, satellite and wind profile radars are combined with data collected at regional automatic weather
stations to analyze the initiation, development, structure evolution and propagation characteristics of three mesoscale convective
systems (MCSs) occurred in 2016. These systems induced an extremely severe precipitation in eastern Hubei during the Meiyu
period. This paper focuses on the trigger, development and maintenance mechanism of the three MCSs and the mesoscale dynamic
relationship between them. In particular, the interaction between the low-level jet and the severe convective rainstorms under the
topographic effect is discussed. The results are as follows: (1) Different to most of heavy rain bands caused by the Meiyu front,
which are distributed along the lower-shear line, the extreme rain bands presented in this study show a slanted n-shape, and the two
main rain bands are nearly perpendicular to the lower-shear line. The extremely severe rain is caused by the northwest—southeast
oriented MCS on the windward slope of Dabie Mountain, the northwest—southeast oriented MCS in the central and eastern plain area
of Hubei province, and the northeast—southwest oriented MCS on the east side of Tongbai—Dahong Mountains. These three MCSs
move slowly and have the characteristic of back-propagating. (2) The convective rainstorm associated with the MCS on the windward
slope of Dabie Mountain is triggered by topographic forcing during the continuous downward expansion of the lower boundary of the
low-level jet. And the cold pool produced by the MCS in Dabie Mountain accelerates down the slope, forming the outflow boundary.
The strong convergence produced by the outflow boundary and the environmental airflow leads to the initiation, development and
strengthening of the MCSs in the central and eastern plain of Hubei province and the eastern side of Tongbai—Dahong Mountains.
(3) The low-level southwesterly jet perpendicular to Dabie Mountain has a strong supporting effect on the convective cold pool,
which not only balances the downward force generated by the density airflow of the cold pool, but also further strengthens the
intensity of convergence in the mountain area. As a consequence, the heavy rainstorm system on the windward slope of Dabie
Mountain maintains and develops over a long time. However, once the convective cold pool on the hillside accumulates to sufficient
thickness, or the lower boundary of the low-level jet rises rapidly, the balance is broken. The cold pool dives downhill and advances
rapidly in the plain area, resulting in a large-scale thunderstorm gale in central and eastern plain of Hubei province. Meanwhile, the

MCS strengthens and organizes gradually along the cold pool frontier, generating the southeast—northwest oriented severe rain bands.
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6 2016 4F 6 J 19 H i REEXTR RGEA A RS 3R BFIE] (IS s At 3 SRl 45 245 1.6 (SWANL.6) S iid 7 ik
(30.5169°N, 114.3778°E) FIREM 1k (31.7108°N, 113.5775°E) $i#) AYIEAERFE (a. 02 0, b. 03 0, c. 04 I, d. 05 K], e. 06 I},
f. 07 i, g. 08 i}, h. 09 I, i. 10 B, j. 11 B, k. 12 [, 1. 13 B Z0 AR R il4k, D, @R HI 2 (56 55 F1Z 5)
Fig. 6 Evolution characteristics of radar composite reflectivity images (Inversion of Wuhan radar (30.5169°N, 114.3778° E) and
Suizhou radar (31.7108°N, 113.5775° E) data by using SWAN1.6) for MCS on 19 June 2016(a. 02:00 BT, b. 03:00 BT, c. 04:00 BT,
d. 05:00 BT, e. 06:00 BT, f. 07:00 BT, g. 08:00 BT, h. 09:00 BT, i. 10:00 BT, j. 11:00 BT, k. 12:00 BT, 1. 13:00 BT; Red line indicates the

location of radar reflectivity vertical cross section displayed in Fig.7. @ and @) stand for the start and end of the cross line respectively)
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A, J5HE m R AR, JrHE d SR T TR AT Y 2R A0 E P 6 Sk B ] A IR L)
Fig. 7 Vertical cross section of radar reflectivity of MCS on 19 June 2016. (a. 06:00 BT, b. 08:00 BT, c. 10:00BT, d. 11:00 BT;

Box n shows new cell, Box m shows mature cell, Box d shows extinction cell; the location of cross line is shown in Fig.6)
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Fig. 8

(a) Rainfall area, hourly maximum rainfall intensity and radar profile (The red point is the position of Wuhan sounding

station; the black pentacle is the position of Xianning wind profile radar; the black rectangle is the range of precipitation observation stations;

the red line, which is the middle line of black rectangle, indicates the location of radar reflectivity vertical cross section; the blue points plot

the station of hourly maximum rainfall intensity (greater than 30 mm) in the precipitation area at 00:00—11:00 BT on June 19, 2016),
(b) The low-level jet index and the maximum hourly rainfall intensity in the precipitation area at 00:00—11:00 BT19 June
2006, (c) the live wind field of Xianning Wind Profile Radar at 00: 00—11:00 BT19 June 2016, with black arrows or lines

representing the direction and altitude of the lower boundary extension of 12 m/s wind speed, and (d) hourly area (unit: km?)
of radar reflectivity profiles with the echoes larger than 30 dBz and 40 dBz at 00: 00—11:00 BT19 June 2016
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Fig. 9 Development of surface one-hour maximum wind (wind arrow) and temperature (red dashed contours, °C) in the east of
Hubei province in 19 June 2016(a. 06: 00 BT, b. 08: 00 BT, c. 09: 00 BT, d. 10: 00 BT, e. 11: 00 BT, f. 12: 00 BT, g. 13: 00 h BT,

h. tthe trend of isotherm in 24 °C; blue arrows indicate cold outflow or significant streamline)
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(B 2 i g, Gk XGEE (m/s); a. b. 2016 4E 6 H 19 H 08 i 10 43, ¢, d. 2016 4E 6 A 19 H 10 i 15 43)

Fig. 10 The radial wind distribution of Wuhan radar at 0.5° elevation (a,c) and the radial wind section

passing through the front of the cold pool (b,d)

(The black straight line shows the profile position and the color bar standards for the wind velocity (m/s);
a,b. 08: 10 BT; ¢,d. 10: 15 BT 19 June 2016)
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Fig. 11

Schematic diagrams of supporting effect of low-level jet and strengthening (a) and descending (b) of cold pool,

together with the newborn and propagation mechanism of MCS
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