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Abstract Refined vertical resolution can better reflect atmospheric dynamics-thermodynamics environment and
evolution processes of mesoscale systems. The impact of vertical resolution on the mechanism of trigger and

development of convective systems in the warm sector needs to be studied further. This study simulated the local burst
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torrential rain that occurred in Guangzhou on 7 May 2017 using the WRFV3.9.1 model driven by the GFS data. Several
sensitivity experiments have been conducted with varying vertical resolution in different levels of the troposphere to
illustrate the impact on local trigger, back-building and organizing processes during this rainstorm. The simulated results
show that the experiment with higher vertical resolution at low levels (LOW62) simulated stronger southerly returning
flow, easterly winds, low-level wind convergence and temperature disturbance, which led to a stronger convective trigger.
Higher vertical resolution at the middle levels (experiment MID68) was favorable for a wide range of strong dry and cold
air intrusion into the convective system. The released latent heat and instability energy may be two important reasons for
the development of convective system. Higher vertical resolution at upper levels (experiment UPP71) not only well
described the upper divergence centers related to the outflow of upper level jet of the upper convective system, but also
well simulated other high divergence centers around the convective system .
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Fig. 2 (al, a2) Geopotential height (blue solid contours, dagpm), the western Pacific subtropical high (black contours, dagpm), temperature field
(red dash contours, K), wind field (wind barbs, m s™), trough line (brown solid line) at 500 hPa and high-level jet at 200 hPa (dotted, m s™); (b1, b2)
geopotential height (blue solid contours, dagpm), temperature field (red dashed contours, K), wind field (wind barbs, m s™'), trough-line (brown solid
line) at 700 hPa; (cl, c¢2) geopotential height (blue solid contours, dagpm), temperature field (red dashed contours, K), wind field (wind barbs, m s™"),
trough-line (brown solid line) and water vapor flux (dotted, g s hPa™' cm™) at 850 hPa; (d1, d2) geopotential height (blue solid contours, dagpm),
temperature field (red dashed contours, K), wind field (wind barbs, m s™), trough-line (brown solid line) at 925 hPa; (el, €2) sea level pressure (blue
solid contours, hPa), surface temperature field (red dashed contours, K), 10-meters wind (arrows, m s™'), surface shear line (black solid line). (al-el)
1200 UTC 6 May 2017; (a2—¢2) 1800 UTC 6 May 2017. Blue letters “G” (“D”) and red letters “N” (“L”) denote the centers of high (low) pressure
systems, and warm (cold) air, respectively. The grey shaded area represents the Tibetan Plateau. The dashed black rectangle denotes the position of

Guangdong Province. The black pentagram denotes the position of Guangzhou city
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CTL51; (c) CT2; (d) LOW62; (e) MID68S; (f) UPP71; (g) ALLS8I1. Black pentagram denotes Huadu
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Table 1 RMSE and RMSE reduction percentages of simulated cumulative precipitation in different experiments

RMSE#/NE 45 b
R RMSE/mm T B R U A K53 R U 1A T B+/KCP 2 HE R U
CTL 1.463463 — —
CT2 0.984594 — 32.7%
LOW 0.624363 36.6% 57.3%
MID 0.780932 20.7% 46.6%
UPP 0.788645 19.9% 46.1%
ALL 0.588198 40.3% 59.9%
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Fig. 8 (al-a6) Radar echoes (shaded, dBZ), 850 hPa equivalent potential temperature (blue contours, K) and wind field (arrows, m s™') during the
triggering process of the convective system and Huadu terrain (shaded, m) from CTL51 (red straight line shows the profile position) on 6 May 2017;
(c1-c6) same as (al—a6), but for LOW62. (b1-b6) Vertical cross sections of radar echo (shaded, dBZ), equivalent potential temperature (shaded, K),
cloud water mixing ratio (black dashed contours, kg kg™), wind field (arrows, m s™), free convection level (white curve, km), lifting condensation
level (blue curve, km), boundary layer height (black curve, km), and terrain (black shaded, km) along the section line (red straight line) given in (al—
a6), black triangle denotes Huadu terrain; (d1-d6) same as (b1-b6), but for LOW62. (al-d1) 1446 UTC; (a2-d2) 1449 UTC; (a3—d3) 1456 UTC; (ad4—
d4) 1501; (a5—-d5) 1503 UTC; (a6-d6) 1510 UTC
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Fig. 9 (al—a4) Radar echoes (shaded, dBZ), equivalent potential temperature at 500 hPa (blue contours, K) and wind field (arrows, m-s™) during the
development process of the convective system and Huadu terrain (shaded, m) from CTL51 on 6 May 2017; (c1-c4) same as (al-a4), but for MID68;
(el-e4) same as (al-a4), but for LOW62. (b1-b4) Vertical cross sections of radar echo (shaded, dBZ), equivalent potential temperature (blue
contours, K), wind field (arrows, m s™'), boundary layer height (magenta curve, km), and terrain (black shaded, km) along the section line (red straight
line) given in (al—a4); (d1-d4) same as (b1-b4), but for MID68; (f1-f4) same as (b1-b4), but for LOW62. (al-fl) 1745 UTC; (a2-12) 1753 UTC;
(a3-13) 1805 UTC; (a4—14) 1820 UTC
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Fig. 10 (al-a4) Radar echo (shaded, dBZ), upper-level divergence (magenta contours, 107 s™'), upper-level jet (oblique line area, m s™') at 200 hPa,
and wind field (arrows, m s™") during the development process of the convective system and Huadu terrain (shaded, m) from CTL51 on 6 May 2017,
(cl-c4) same as (al—a4), but for UPP71; (el-e4) same as (al—-a4), but for LOW62. (b1-b4) Vertical cross sections of radar echo (shaded, dBZ), upper-
level divergence (blue contours, 107 s™'), wind field (arrows, m s™'), boundary layer height (magenta curve, km) and terrain (black shaded, km) along
the section line (red straight line) given in (al—-a4); (d1-d4) same as (b1-b4), but along the section line given in (c1-c4); (f1-f4) same as (b1-b4), but
along the section line given in (el—e4). (al-f1) 1515 UTC; (a2-12) 1540 UTC; (a3-f3) 1607 UTC ; (a4-f4) 1653 UTC
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