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Abstract

Using ground-based laser precipitation spectrometers, a severe convective hail-
fall event that occurred on the night of July 14, 2017, in the Liupan Mountain
area was captured. The microphysical characteristics of rainfall and hailfall
indicate that during hailfall, various microphysical characteristic quantities of
particles increased significantly, with number concentration and average kinetic
energy flux showing the most pronounced increases, growing by factors of 6.3
and 13, respectively. In the early stage of hailfall, larger-diameter hail parti-
cles increased more rapidly; as energy was released and convection weakened,
smaller-diameter hail particles increased more rapidly. Gamma distribution is
more suitable for fitting particle spectra before and after hailfall. Using the
particle terminal velocity formula V = aDb to fit particle velocities during this
hailfall process yielded excellent results, with a correlation coefficient exceeding
0.98. The parameter a varied between 4.55 and 5.02, and parameter h varied
between 0.53 and 0.59.
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Abstract: Hail is one of the most destructive weather phenomena in Ningxia
Province, China. While its circulation background and spatiotemporal distribu-
tion characteristics have been extensively studied, research utilizing the latest
generation of detection equipment remains limited. This study addresses this
gap by examining hail events using a DSG5 laser raindrop spectrometer to ob-
tain measurements of instantaneous precipitation intensity, total precipitation
particle count, cumulative precipitation, visibility, and radar reflectivity. The
precipitation and microphysical characteristics of hailfall during severe convec-
tive weather in the Liupan Mountain area of Ningxia Province on the night of
July 14, 2017, were systematically analyzed. The results showed: (1) During
the hail process, the microphysical characteristics of precipitation particles in-
creased significantly relative to baseline values, with number density and mean
kinetic energy flux reaching 6.3 and 13 times their initial values, respectively. (2)
In the early hailing stage, large hail particles grew faster than smaller particles;
however, as energy was released and convection weakened, smaller hailstones
increased rapidly. (3) A gamma-type distribution was most suitable for fitting
the particle distribution characteristics before and after the hail process. (4)
Particle velocity during the hailfall process was well fitted using the particle
falling velocity formula V.= aD"b (R? 0.98). Fitted to our data, the constant
a ranged from 4.55 to 5.02, while b varied from 0.53 to 0.59.
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1.3 Data Sources and Parameters

The primary instrument used in this study was the DSG5 laser raindrop spec-
trometer, which provides high-resolution measurements of precipitation particle
size distributions. The radar data were obtained from the Kongtong radar sta-
tion. Key microphysical parameters analyzed include: number concentration N
(m 3), water content @ (g-m %), precipitation intensity I (mm-h '), radar reflec-
tivity factor Z (mm - m ), kinetic energy flux KE (J+m 2-s '), mean diameter
D (mm), maximum diameter D (mm), and terminal velocity V (m-s?).

The particle size distribution function N(D ) (m ?-mm ') follows the gamma
distribution model [13]. Atmospheric profile data were obtained from the Kong-
tong station at 700 hPa. The environmental parameters include: temperature
lapse rate, wind shear, and convective available potential energy (CAPE). The
density of hail particles was assumed to be = 890 kg - m 2 [10].
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2.2 Case Overview

Table 1 presents the radar echo grid points and echo areas during the hailing
process on July 14, 2017. The hail event evolved through several distinct stages:

Table 1. Radar echo grid points and echo areas during the hailing
process

Time (UTC) Echo Intensity (dBZ) Echo Area (km?)

22:40 >45 40
22:50 >45 60
23:00 >45 60
23:10 >45 60
23:20 >45 50
23:30 >45 50
23:40 >45 50
23:50 >45 40

The hail process exhibited three distinct phases: (1) initial development (22:40-
22:50 UTC), (2) mature stage (23:00-23:20 UTC), and (3) dissipation stage
(23:30-23:50 UTC). During the mature stage, the maximum echo area reached
60 km? with reflectivity exceeding 45 dBZ.

2.3 Evolution of Microphysical Characteristics

Figure 5 illustrates the temporal evolution of raindrop mean kinetic energy
flux, precipitation intensity, and radar reflectivity factor during the hail process.
At 22:59 UTC, the number concentration reached 1193 m 3, approximately 6.3
times the pre-hail baseline value of 817 m 3. The kinetic energy flux peaked at
0.069 J -m 2-s! representing a 13-fold increase from initial values.

The vertical structure showed that the 45 dBZ echo top extended to 6 km
altitude at 23:00 UTC, with the strongest updrafts located between 2-6 km. The
maximum reflectivity of 60 dBZ was observed at 3 km altitude, corresponding
to the primary hail growth zone. The environmental conditions at 20:00 UTC
showed a temperature difference AT of 21°C, CAPE of 248.7 J - kg !, and
Showalter index (Si) of -1.72, indicating strong convective instability.

2.4 Particle Size Distribution and Velocity Characteristics

The particle size distribution evolution is shown in Figure 6. During the early
hail stage (22:56-23:04 UTC), the distribution exhibited a bimodal structure
with peaks at 2-2.4 mm and 3.8-4.3 mm. As the hail process intensified, the
concentration of particles larger than 3 mm increased dramatically, with the
spectrum broadening to include particles up to 9 mm.
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The velocity-diameter relationship was well characterized by the power-law for-
mula V = aD"b. Fitting results yielded coefficients a ranging from 4.55 to 5.02
(mean 4.85) and b ranging from 0.53 to 0.59 (mean 0.56), with correlation coef-
ficients exceeding 0.98. These values are consistent with previous observations
of hailfall velocity [10].

Figure 9 shows the evolution of microphysical parameters during the hail event.
The precipitation intensity I, radar reflectivity factor Z, and kinetic energy flux
KF all peaked during the mature stage (23:00-23:10 UTC), coinciding with the
maximum in particle number concentration and size. The rapid increase in
smaller particles (D < 3 mm) during the dissipation stage suggests fragmenta-
tion of larger hailstones as the updraft weakened.

3. Summary

The primary conclusions are: (1) The DSG5 spectrometer effectively captured
the dramatic microphysical changes during hail events, with number concentra-
tion and kinetic energy flux increasing by factors of 6.3 and 13, respectively. (2)
The gamma distribution provided the best fit for particle size spectra through-
out the hail process. (3) The velocity-diameter relationship followed V.= aD”b
with coefficients a = 4.55-5.02 and b = 0.53-0.59. (4) The hail process exhibited
distinct microphysical signatures during development, mature, and dissipation
stages, with the mature stage characterized by maximum particle sizes, concen-
trations, and kinetic energy flux.
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