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Abstract: To further explore the formation and development of hail cloud in Guizhou Region and the trans-
formation mechanism of microphysical conditions during the growing process of hail, 12 hail cases during
2012— 2015 are studied through numerical simulation using three-dimensional hail cloud model. The re-
sults show that: all kinds of water into the spatial distribution of hail is the material basis of the hail
growth, and rising air and water vapor phase change with a positive feedback effect. The hail particles
grow mainly taking graupel particles as embryo, and growth mode is given priority to sleet automatic con-
version. In the process of continuous development of hail, hail cloud at the end of the first developing
process, there is still 0'C layer with 4 km or lower thickness which is the thermal environmental condition
for the development of hail cloud again. In the hail area the surface airflow are divergent, leading to the
formation of stronger updraft convergence on both sides, which is dynamic conditions for the development
of hail cloud again. At the same time, the air convergence makes the water vapor the original hail air con-

tinuously flow into the air convergence zone on both sides, which becomes water vapor source of the hail
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cloud development. The rapid increase of ice crystals and graupel particles in the hail cloud provides favor-

able microphysical material conditions for the growth of hail again.

Key words: hail, cloud model, microphysical process, dynamic mechanism
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Table 1 Statistics of ground elements like hail diameter and updraft
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Table 2 The meaning of each variable name in the micro physical process
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Fig.1 Evolution of minutely hail production in successful test case
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Fig. 2 Total yield variation of graupel particle simulation in the case

of each microphysical conversion process
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(a) the profile along 26°N at 20:00 BT 19 April 2015 (unit: Pa « s', sinking velocity is positive) ,

(b) simulated extinction period (unit: m * s
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Fig. 6 Cloud droplets along y=18 km across a-z section in the simulated Case 8 (a),

supercooled raindrop ratio content (c) , vertical air flow distribution (b, d)

(Solid lines in Figs. a and c are the cloud droplets, raindrop ratio content, unit: g « kg™ !;

red dashed line is for temperature, unit: C;

Figs. b and d show the vertical velocity distribution, unit: m s

the arrow vector is for flow, unit: m « s
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Fig. 7 Distribution of simulated water substance ratio content along y=18 km across a-y section at t=12 min
(a) ice crystals, (b) snow, (c) supercooled water droplets, (d) graupel, (e) hail

(hydrometeors particle ratio content, unit: g * kg~ !'; arrow vector is flow, unit; m+ s 1)
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Fig. 8 The cloud total water content and flow field (a), hydrometeors ratio content

along y=18 km across x-y section at =20 min (b)
(For Fig. a, red circle with arrows is for secondary circulation area, blue circle for microphysical
evolution area of water substances, orange circle for hail area, and contour for total water content,
unit: g« kg~ '; for Fig. b, green line is for ice crystals, blue line for snow, deep yellow line

for graupel, red line for supercoolded raindrops. unit: g+ kg™ 1)
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Fig. 9

(a) The a2 cross-section of cloud water content along y=18 km at 4 min; (b) the -y cross section of

vertical velocity at 4 min along the black line in Fig. a (x=1.5 km); (c, d, e) ay horizontal cross-sections

of vertical velocity, divergence, horizontal full wind speed along x=1. 5 km at 20 min, respectively;

(D) the -y cross-section of hail along *=1.5 km at 20 min (red solid line) and 32 min (blue solid line) ;

(g) the a-z cross-section of total cloud water content along y=18 km at 32 min; (h) the a-y cross-section

of vertical velocity at 32 min along 2=1.5 km

(units: m * s ! for speed; 107° s~ ! for divergence; g » kg™ ! for total water content and hail water content ratio)
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Fig. 10 Distribution of divergence and total water content at t=64 min in Case 11

(a) horizontal divergence at the height of 1.5 m, (b) horizontal water content at the height of 1.5 m level,

(¢) a-=z section of total water content in the cloud along y=28 km

(Vector is for flow field; red solid line for temperature; unit; C; divergence field; 107° s~ !; total water content ratio; g« kg~ ')
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