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Abstract The microphysical formation mechanism of hailstones is the scientific basis of hail suppression operation.
However, the relevant study on this issue in southwestern China is few. A hailstorm case on July 11, 2016, in Yunnan is

numerically simulated using the three-dimensional cloud model with hail-bin microphysics developed by the Institute of

WHSHE  2020-05-06; METFLRAS 2021-06-03
fEEREN XIHEXL, B, 1965 FHAE, MATREM, EBENFATEMAST/E. E-mail: chwliu@126.com
BWEE %K, E-mail: guoxl@mail.iap.ac.cn
FEENWNE 5 T R IR B S R R S R F S (2019QZKKO0104) ,  H[E R G SR < B BOR S A5 R T 5 H
CMAGI2015M56
Funded by The Second Tibetan Plateau Scientific Expedition (Grant 2019QZKK0104), Key Technology Integration and Application Project of
China Meteorological Administration (Grant CMAGJ2015M56)


https://doi.org/10.3878/j.issn.1006-9895.2104.20152
https://doi.org/10.3878/j.issn.1006-9895.2104.20152
https://doi.org/10.3878/j.issn.1006-9895.2104.20152
https://doi.org/10.3878/j.issn.1006-9895.2104.20152

XM % 45%

966 Chinese Journal of Atmospheric Sciences

Vol. 45

Atmospheric Physics, Chinese Academy of Sciences, and the microphysical formation mechanism of the hailstorm is

investigated. The hail cloud developed rapidly with high intensity and is a typical summer hail cloud in the southwest

mountainous region. The simulated physical parameters such as rainfall, hailfall, and reflectivity are generally consistent

with those observed. The simulated maximum updraft is 28.5 m/s. The microphysical processes of the hailstorm indicate

that the main source of hail/graupel embryos is produced by the probability freezing process of supercooled raindrops,

which is accounted for 95%, whereas the source via the collision between ice crystals and supercooled raindrops is only

accounted for 5%, which are significantly different from other regions in both China and other countries. The diameters of

hail/graupel embryos mainly range from 0.3-3.0 mm. The growth of hail/graupel embryos depends on the collision

process with the supercooled cloud water, in which the embryos with a diameter less than 0.3 mm are hard to grow.

Larger raindrops can directly freeze into larger hail embryos, which can contribute to the formation of hailstones in a short

period. A short-lasting accumulation zone of supercooled rainwater occurs in the development process of the hail cloud,

and it has little contribution to the growth of hail/graupel embryos.

Keywords Hailstone formation, Cloud model with hail-bin microphysics, Supercooled rainwater accumulation zone,

Yunnan Province
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Fig. 1

Synoptic situation at 1400 BJT (Beijing time) on July 11, 2016. Thick black solid lines indicate the inverted trough with low pressure and

orange solid lines indicate the height field of 500 hPa (units: dagpm), arrows indicate the wind field of 500 hPa (units: m s 1), and the shaded areas are

the temperature difference between 850 hPa and 500 hPa (7ss0-s00; units: °C)
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Fig. 2 Atmospheric sounding curves from the simulation at 1500 BJT (Beijing time) on July 11, 2016, Kunming: (a) Temperature profile (7, solid

line) and dew point temperature profile (7y, dashed line), (b) wind profiles (U-wind, solid line; V-wind, dashed line)
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Fig. 6 Time evolution of the simulated maximum updraft and
downdraft. The solid line indicates the updraft, and the dashed line
indicates the downdraft on July 11, 2016
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Fig. 7 Time sequence of the simulated hail/graupel embryo production rates and altitude—time distribution: (a) The maximum GNUrg (black solid

line), FRrg (red solid line), units: g kgf1 s (b) height-time variation distribution of the maximum qr (green dotted line, units: g kgfl), qi (blue dotted
line, units: g kg ') and GNUTrg (black solid line, units: 10 ° g kg ' s ') and FRrg (red solid line, units: 10> gkg s ™)
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Fig. 8 Time evolution of the simulated maximum number concentration of hail/graupel embryos in 1-13 bins
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Fig. 9 Height-time distribution of the simulated number concentration (shaded, units: m73) of hail/graupel embryos in (a) 1 and 2 bins, (b) 3—13 bins
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Fig. 10 Time evolution of maximum growth rate through collection of supercooled water by gaupel/hail (CLcg) in 3—13 bins for the simulation time

10-35 min
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Profiles of the updraft and rainwater mixing ratio at hail cloud center (X=18 km, Y=18 km) during stimulation time 12—17 min. The vertical

axis is the height (units: km), the low horizontal axis is updraft (units: m s ]), and the upper horizontal axis is rainwater mixing ratio (units: g kg ]). The

black solid line is the profile of the rainwater content, and the green dashed one is the profile of the updraft. The gray shaded area is the supercooled

rainwater and the shallow blue shaded area is the accumulation zone. The horizontal black and blue dashed lines are the heights of 0°C and —25°C,

respectively. The horizontal green dashed lines are the heights with the maximum updraft
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Fig. 12 Simulated vertical profiles of hail/graupel number concentration (Ng) and rainwater mixing ratio (qr) during stimulation time (a—d) 14—17 min

(X=18 km). Black dashed lines correspond to the temperature (units: °C). The color shaded area is the distribution of Ng (units: m °), the blue solid

lines represent the rainwater content qr (units: g kgfl), and the green solid lines represent the Ng (units: m ) with a diameter greater than 2.5 mm
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