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Analysis on Mesoscale Characteristics of Severe Convective
Weather in Guilin on April 19, 2025

Ting WANG * , Fangfang WU
Guilin Meteorological Bureau, Guilin 541001, China

Abstract Using conventional observation data and Guilin Doppler weather radar data, the atmospheric circulation situation, environmental conditions
and mesoscale characteristics of convective storms during the severe convective weather process in Guilin, Guangxi on April 19, 2025 were analyzed in
detail. The results showed that the severe convective process was dominated by short-term heavy rainfall, accompanied by thunderstorm and gale. This
was a strong convective weather process in the warm region. On the south side of warm shear line, with the south branch fluctuation moving eastward,
strong convection occurred near the surface convergence line. With the establishment of low-level jet at night, organized development of convection system
was obtained. The environmental conditions showed unstable stratification, inversion layer, small convective effective potential energy, large K value and
strong wind shear, and the inverted V-shaped structure was at low level. The convective storm that produced short-term heavy rainfall presented as low
centroid precipitation echo. The mixed convection in Xinlong, Baishou, Yongfu was caused by heavy rainfall supercell and presented as high centroid pre-

cipitation echo, with weak echo area, bounded weak echo area and medium-intensity mesocyclone.
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Severe convective weather is one of the main types of major
meteorological disasters in the world, with diverse disaster forms.
Short-term heavy rainfall is easy to cause urban rainstorm, water-
logging and mountain torrent geological disasters; thunderstorm
and strong wind can destroy power facilities and building struc-
tures ; hail causes direct damage to crops and air transportation;
although tornadoes occur at a low frequency, they are highly de-
structive. In recent years, meteorologists have done a lot of re-
search on the environmental conditions''', mesoscale characteris-
tics”>*’ and formation mechanism™* of severe convective weather.
In spring, severe convective weather frequently occurs in Guilin,
causing serious disaster losses. At 21;13 on March 21, 2019, a
gale of 60.3 m/s (level 17) was observed at Lingui National Sta-
tion in Guangxi, breaking the wind speed record since Guangxi
had meteorological records”’ | accompanied by short-term heavy
rainfall with an hourly rainfall intensity of 47. 9 mm and small
hail. On the night of April 24, 2019, there was a heavy hail in
Lingui, accompanied by a short-term heavy rainfall with an hourly
rainfall intensity of 46. 8 mm. The aircraft at the airport suffered
serious losses from hail attacks'®’. The extreme short-term heavy
rainfall in Guilin has obvious temporal and spatial distribution
characteristics. The favorable large-scale circulation background
provides abundant water vapor, unstable stratification and appro-

priate vertical wind shear environment. The mesoscale conver-
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gence line is the trigger mechanism. Before the occurrence of the
short-term heavy rainfall, the atmospheric environment is dry at
the top and wet at the bottom or the whole layer is wet. The warm
cloud layer is thick, so it has a more appropriate CAPE.

The severe convective weather has the characteristics of
strong locality and strong destructiveness. The severe convective
weather occurred in Guilin at night on April 19, 2025. In this pa-
per, the mesoscale characteristics of this process were analyzed,
in order to provide an effective reference for improving the forecas-

ting and early warning ability of severe convective weather.

1 Active situation of severe convective weather

From 20:00 on April 19 to 08:00 on 20", 2025, heavy rain
to rainstorm occurred in the middle of Guilin City, with local
heavy rainstorm. The maximum rainfall was 177.4 mm in Baishi
Township, Xing’an County, and the number of stations above rain-
storm accounted for 23% . In the national weather stations, Ling-
chuan, Guilin, Guanyang and Lingui, rainstorm occurred, and
the maximum rainfall in 24 h occurred in Lingchuan, which was
98 mm. From the hourly rainfall at Baishi Station in Xing’an, it
can be seen that the short-term heavy rainfall was concentrated
from 23:00 on the 19" to 01:00 on the 20", and the precipitation
in other periods was weak. The type of severe convection at night
on the 19" was mainly short-term heavy rainfall. There were 65
stations with short-term heavy rainfall and 2 stations with extreme
short-term heavy rainfall, which were respectively Mochuan of
Xing’an (23:00 on the 19") and Dongjiang of Qixing (00:00 on
the 20"). The hourly rainfall intensity was 55.9 and 54.8 mm re-
spectively. Thunderstorm and gale occurred at 4 stations, and the

maximum wind speed occurred at Xinlong Station, Baishou, Yongfu,
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which was 26. 5 m/s. Mixed severe convection occurred locally.
The maximum wind speed at Yanshan National Station at 04:00 on
the 20" was 23.6 m/s, and the hourly rainfall intensity was 25.2
mm. This severe convective weather process had the characteris-
tics of large accumulated rainfall and concentrated rainfall peri-
ods. It was dominant by short-term heavy rainfall, and there was

mixed severe convection.

2 Atmospheric circulation situation

At 20:00 on April 19, before the occurrence of strong con-
vection, the trough of 500 hPa northeast cold vortex rapidly moved
eastward to around 120° E. In the middle and high latitudes, con-
trolled by the northwest airflow behind the trough, cold air kept
moving southward. The ridge line of subtropical high was stably
located in the south of 20° N, the west ridge point was located
near 100° E, and Guangxi was located in the northwest side of
subtropical high. The northwest air flow behind the north branch
trough and the southwest air flow on the northwest side of subtropi-
cal high formed an east — west trough line in the middle and lower
reaches of the Yangtze River, and produced a low vortex in north-
ern Hunan. The south branch trough slowly moved eastward to
95° E, and small fluctuations move eastward on the south branch
trough, providing certain dynamic conditions for this strong con-
vection process. The 700 hPa low vortex moved from the northeast
of northern Guizhou to northern Hunan, and the southwest low-
level jet extended from the South China Sea to the north of south-
ern China. Guilin was located on the south side of low vortex and
the left side of jet stream axis. The 850 hPa warm shear was loca-
ted at the junction of Hunan, Guizhou and Guangxi, Guilin was
located in the front of southerly air flow on the south side of warm
shear. The 925 hPa shear line was located in the middle of Guan-
gxi, and Guilin was located between the boundary layer shear line
and the low-level shear line. The center of surface warm low pres-
sure was located in southwest Yunnan, the surface convergence
line was located in northern Guangxi, and the surface convergence
line in Guilin was located in the middle. It was a strong convective
weather process in the warm region. On the south side of warm
shear line, with the south branch fluctuation moving eastward,
strong convection occurred near the surface convergence line.
With the establishment of low-level jet at night, the organized de-
velopment of convective system was obtained.

Seen from the mesoscale analysis (Fig. 1), the South Asian
high was located in the South China Sea, and Guangxi was located
on the right side of upper jet axis entrance area. Upper air diver-
gence provided upward motion conditions for strong convection.
There were two cold centers in northern Yunnan and northern Hu-
nan at 500 hPa respectively. Guilin was located in front of the cold
trough, and the 700 hPa warm center was located in southern
Guangxi. The warm ridge extended from southern Guangxi to
Guilin. The temperature dew point difference between northern
Guangxi and eastern Guangxi was < 4 “C. Guilin was located in

the wet area, and was on the left side of low-level jet stream axis.

The 850 hPa warm shear line was located at the junction of
Hunan, Guizhou and Guangxi. There was a significant southerly
airflow in the south of shear line, which transported water vapor
and heat from the South China Sea to Guilin. The warm center was
located in the south of Yunnan, and the warm ridge extended to
the north of Guangxi. The 925 hPa warm shear line was located in
the middle of Guangxi, and there was a significant southerly air-
flow in the south. Guilin was located on the left side of low-level
jet, between the low-level shear line and the boundary layer shear
line, and in the upper dry and cold and lower warm and wet envi-

ronment in front of the significantly southerly airflow.
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Fig.1 Mesoanalysis chart at 20:00 on the 19"

3 Convective environmental conditions

From the sounding chart of Guilin at 20:00 on the 19"
(Fig.2), it can be seen that T85 reached 27.7 °C , and the unsta-
ble stratification of upper dry and lower wet was conducive to the
occurrence of strong convective weather. The convective effective
potential energy CAPE was small, which was 143.9 J/kg. The K
index was 42. 7 °C, which was conducive to the occurrence of
short-term heavy rainfall. The vertical wind shear was 18 m/s,
which belonged to the strong wind shear environment. The stratifi-
cation curve of temperature and dew point in the low layer presen-
ted an inverted V-shaped structure, which was conducive to the
occurrence of thunderstorm and gale. The height of 0 and —20 C
temperature layer was slightly higher than 600 and 400 hPa, which
was not conducive to the occurrence of large hail. Due to ground
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Fig.4 Reflectivity factor (a) and its profile (b), radial velocity (c) and its profile (d) at 2.4° elevation at 23:54

warm low pressure control, the maximum temperature in central ~ was an inversion layer in the boundary layer, which hindered the

and southern Guilin reached 34.0-35.7 °C on the 19". There

vertical exchange of water vapor and energy, and a large amount of
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unstable energy accumulated in the boundary layer. The K index of
this process reached 42.7 °C , which was relatively rare and worthy
of attention.

4 Mesoscale characteristics of convective storm

Seen from the reflectivity factor and profile near Mochuan,
Xing’an at 22:08 (Fig.3), the strongest reflectivity factor of con-
vective storm was 61 dBZ, and the precipitation echo above
45 dBZ was about 18 km long, which listed the effects to form
short-term heavy rainfall. The extension height was lower, below 6
km, and it was a low centroid precipitation echo.

At 00:00 on April 20, an extreme wind speed of 26.5 m/s
and a short-term heavy rainfall with an hourly rainfall intensity of
33.6 mm occurred in Xinlong, Baishou, Yongfu, which was
caused by a heavy rainfall supercell. The maximum reflectivity fac-
tor of supercell (Fig.4) was 71.5 dBZ, and the moving speed was
62 km/h. The reflectivity factor profile showed a low-level weak
echo area, a middle and high-level echo hanging and a bounded
weak echo area. The precipitation echo above 60 dBZ extended to
8 km, which was a high centroid precipitation echo. The mesocy-
clone has a diameter of about 8 km, a rotation speed of 20 m/s, a
duration of about 30 min, and a distance of 60 km from the radar
station. It was a mesocyclone with medium intensity. Obvious ra-
dial convergence in the middle layer can be seen on the velocity
profile.

At 04:00 on April 20, the extreme wind speed of 23. 6 m/s
and the short-term heavy rainfall with an hourly rainfall intensity of
25.2 mm occurred at Yanshan National Weather Station. The
strongest reflectivity factor of convective storm reached 71 dBZ,
and the moving speed reached 71 km/h. There was a low-level
weak echo area, and the precipitation echo above 60 dBZ extended
to 7.5 km. The moving direction of convective storm was perpen-
dicular to the radar radial direction, but there was still a large
wind speed area behind it.

5 Conclusions

(1) During the night of April 19, 2025, the types of severe
convection in Guilin were complex, with only short-term heavy
rainfall in some areas, accompanied by thunderstorm and gale in
some areas. It had the characteristics of large accumulated rain-
fall, concentrated precipitation periods, mainly short-term heavy
rainfall, and mixed severe convection.

(2) This was a strong convective weather process in the warm
region. On the south side of warm shear line, with the south
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[3] XU YB. Study on soil and water loss process under Pinus massoniana
forest in red soil hilly region of South China[ D]. Fuzhou; Fujian Nor-
mal University, 2012.
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South China: A case study at Tangbei River watershed of Xingguo
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branch fluctuation moving eastward, strong convection occurred
near the surface convergence line. With the establishment of low-
level jet at night, the organized development of convective system
was obtained.

(3) Before the convection, Guilin was located on the left side
of the low-level jet, between the low-level shear line and the
boundary layer shear line, and in the upper dry cold and lower
warm wet environment in front of the significant southerly airflow.
Unstable stratification and inversion layer were conducive to the
occurrence of severe convective weather. Small convective effective
potential energy and large K value were conducive to the occur-
rence of short-term heavy rainfall, and strong wind shear and low-
level inverted V-shaped structure were conducive to the occurrence
of thunderstorm and gale.

(4) The convective storm that only produced short-term
heavy rainfall presented as low centroid precipitation echo, and lis-
ted the effects to form short-term heavy rainfall. The mixed con-
vection in Xinlong, Baishou, Yongfu was caused by the heavy
rainfall supercell, showing high centroid precipitation echo, with
weak echo area and bounded weak echo area. The mesocyclone in
the supercell was a mesocyclone with medium intensity.

References

[1] GAO XM, YU XD, WANG LJ, et al. Characteristics of environmental
parameters for classified severe convective weather in central area of Shan-
dong Province[ J]. Acta Meteorologica Sinica, 2018, 76(2) : 196 —212.

[2] WANG J, YU XD, TAI QG, et al. Analysis on the three-dimensional
structure and formation mechanism of a severe hailstorm with single- and
dual-Doppler radar data[J]. Chinese Journal of Atmospheric Sciences,
2021, 35(2) . 247 -285.

[3] ZHANG W, CHEN L, HUANG HR, et al. Meso-scale structure analysis
of an elevated thunderstorm in southwest Fujian[J]. Journal of Tropical
Meteorology, 2023, 39(1) . 55 —65.

[4] ZHANG YP, YU XD, WANG D, et al. The formation of typical dry lines
in Hetao and its role in triggering convection[ J]. Acta Meteorologica Sin-
ica, 2022, 80(1): 39 -53.

[5] WANG J, LI XH, WANG YL. Mesoscale characteristic analysis of ex-
treme gale weather in Lingui, Guangxi[J]. Journal of Meteorological Re-
search and Application, 2020, 41(2) . 84 -88.

[6] WANG YL, WANG J, WU J, et al. Comparative analysis of characteris-
tics of "3.21" extreme gale and "4.24" hailstorm in Guilin in 2019 J].
Journal of Tropical Meteorology, 2021, 37(2): 175 —185.

[7] WANG T, TANG QY, WANG J, et al. Temporal and spatial distribution
of short-time severe rainfall in Guilin[ J]. Journal of Meteorological Re-

search and Application, 2023, 44(3); 57 -61.

$00S0000S00S00S00S00S00S00S00S00S00S00S00S00S00SO0S00S00SI0S00 SO0 C

poral differentiation of soil erosion based on RUSLE model: A case

study of Chaoyang City, Liaoning Province[ J]. Scientia Geographica
Sinica, 2015, 35(3) : 365 -372.

[6] LAI CY, ZUO SZ, REN Y. Impacts of different ecological restoration
measures and environmental factors on water and soil conservation of the
slope in the pure coniferous forest of the subtropical red soil area[ J].
Acta Ecologica Sinica, 2021, 41(12) ; 4913 —4922.

[7] XU J. Study on soil and water conservation effect of different forest
stands in Hengdong sandy shale red soil area[ D]. Changsha; Central

South University of Forestry and Technology, 2016.



	2025-2期串稿-美气 12.pdf
	2025-2期串稿-美气 13.pdf
	2025-2期串稿-美气 14.pdf
	2025-2期串稿-美气 15.pdf

