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Abstract. In this study, two severe convective weather processes in late March 2020 are compared
and analyzed based on the surface observation data, Doppler weather radar data, satellite black
body temperature data and the reanalysis data from the National Centers for Environmental
Prediction. The results show that the two severe convective weather processes both can be divided
into two stages, warm advection forcing stage and baroclinic frontogenesis stage. For the second
process the warm advection forcing is not significant. In terms of dynamic conditions, in both
processes there is low-level convergence, high-level divergence, middle-low-level southwesterly jet,
and the intrusion of cold air. The upward motion in the second process is more intense than that in
the first process. In both processes, the upward motion in the warm advection forcing stage is
weaker than in the baroclinic frontogenesis stage. In the aspect of water vapor conditions, the
divergence of water vapor flux at 850 hPa in the second process is larger than that in the first
process. The water vapor convergence center rises to the level above 800 hPa and lasts for a long
time. Through the comparative analysis in different stages, it is found that the water vapor
convergence in the two processes in the baroclinic frontogenesis stage is stronger than that in the
warm advection forcing stage. For the thermal conditions, the cold-dry air at high levels is
superimposed over the warm-wet air at low levels, presenting a thermal unstable stratification. In
the first process, the intensity and vertical extension of the low-level warm advection is larger than
that in the second process. In both processes, the unstable energy is accumulated obviously in
the warm advection forcing stage, and is released to a certain extent before the baroclinic
frontogenesis stage. In the first process, there are 3 supercells within 100 km from ChangDe radar.
In both processes, there are hails from 1900 BJT (Beijing Time) to 2000 BJT in Guanzhuang Town.
The radar echoes both present the typical characteristics of hail. In the first process, the maximum
reflectivity factor is larger, the intensity and vertical extension of mesocyclone are larger, the
increase of vertical integrated liquid is more significant, and the high-level divergence is more
intensive. Thus, the diameter of hail in the first process is larger.
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1. Introduction

With the rapid development of social economy and urbanization, the impact of local severe
convective weather has become more and more serious, which has also attracted more and more
attention [1-7]. Many scholars have conducted in-depth studies on severe convective weather from
multiple angles, and analyzed various physical variables and radar echo characteristics of severe
convective weather in detail. Luo et al. [8] analyzed a rare-seen intensive squall line process, and
showed that there is obvious overhang echo, weak echo area, mesocyclone (mesovortex in the later
maturity stage of squall line), strong rear inflow and the accompanied inflow gap in both the
supercell stage and the squall line stage. such as. Ma et al. [9] studied and revealed the
characteristics ambient parameters for extreme thunderstorm and gale events. Qiu et al. [10] studied
the characteristics of physical variables for hail and short-term heavy precipitation events in Jiangsu,
Shanghai and Zhejiang, and statistically analyzed the average differences of K index, precipitable
water and wind shear.
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The spring and summer are the main seasons for severe convective weather in Hunan Province,
which mainly includes thunderstorm, gale, hail and short-term heavy precipitation [11-15]. In recent
years, several typical severe convective processes in Hunan Province have been diagnosed and
analyzed. Cai et al. [16] studied 15 thunderstorm-gale processes, and summarized the synoptic
situation, radar echo characteristics and the key point of forecast at different stages of the
thunderstorm-gale processes. Yao et al. [17] analyzed a wide-range severe convective weather
process in Hunan Province and found that there were significant adjustments on atmospheric
circulation before the severe convection. The enhancement of the southwesterly low-level jet and
the intrusion of cold-dry air in  middle levels provided favorable environmental conditions for
wide-range severe convection. Xu et al. [18] used a variety of statistical methods to analyze the
variation trend of thunderstorm-gale events, and preliminary discussed the causes. They found that
there are certain differences in the thermal unstable conditions in different areas.

In operational weather forecasts, severe convection is the difficult and key point. Compared with
the researches on rainstorms caused by typhoon or Meiyu front, the researches on the prediction and
early-warning of severe convection are not enough, which is difficult to meet the needs of
short-term forecasting and nowcasting in operational weather forecasts. In late March 2020, two
typical severe convection processes occurred in Hunan Province, accompanied by short-term heavy
precipitation, hail and thunderstorm-gale. The hail diameter is large, and the wind speed of
thunderstorm-gale is large and widely distributed. In this study, the two severe convection processes
are compared and analyzed in detail. We hope the findings could deepen the understanding on the
synoptic situation and physical variables of severe convective weather, and finally improve the
prediction and early-warning of such disastrous weather.

2. Synoptic situation and disaster information

The first process was from March 21 to 22, 2020 referred as Process 1 in the following). The
hails appeared at 20 counties in Hunan Province. The maximum diameter of hail was 6 cm, which
appeared in Guanzhuang Town, Yuanling County, Huaihua City at 1900 BJT (Beijing Time) on
March 21. There is thunderstorm-gale in 65 counties. The maximum wind speed reached 30.7
mes—1 in Taojiang County, Yiyang City at 0200 BJT on March 22. The short-term heavy rainfall
appeared in 252 counties. The maximum of hourly rainfall intensity was 83.2 mm, which appeared
in Yongshun County, Xiangxizhou City at 0300 BJT on March 22 (Figs. la and 1b).

The second process was from March 26 to 27 (referred as Process 2 in the following). Hails
occurred in 11 counties in Hunan Province. The maximum diameter of hail was 3 cm, which
occurred in Yuanling County of Huaihua City and Xinhua County of Loudi City from 1900 BJT to
2200 BJT on March 26. Meanwhile, there were 48 counties with gales. The maximum wind speed
was 25.4 mes—1,, which appeared in Fengyushang of Yueyang City at 0100 BJT on March 27 (Figs.
Ic and 1d). There were 372 counties with short-term heavy precipitation. The maximum of hourly
rainfall intensity was 70.5 mm, which appeared in Xianrenyan forest farm, Chenxi County, Huaihua
City.
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Figure 1. (a, ¢) Distributions of severe convection and (b, d) precipitation observation (mm) in
Hunan Province. (a, b) Process 1; (c, d) Process 2.In both convective processes, there were hails,
thunderstorm-gale and short-term heavy precipitation. Specifically, the disaster weather in Process
1 was mainly thunderstorm-gale and hail, while it was mainly short-term heavy precipitation in
Process 2.

3. Characteristics of synoptic background

In Process 1, at 0800 BJT on March 21, Hunan Province was located on the right side of the
entrance of high-level jet at 200 hPa (Fig. 2a), where there was positive vorticity and intensive
divergence. At 500 hPa, there were two troughs and one ridge in the middle-high latitudes. Hunan
Province was in front of the cold trough, where the positive vorticity advection is conducive to the
convergence and uplift in the low levels. The southwest vortex at 850 hPa was located in the east of
Sichuan. The warm shear in the eastern section of herringbone shear extended to the west of Human
Province, and the wind shear reaches 18 mes—1. The warm low pressure near the surface developed
significantly. At 1700 BJT on March 21, there was a small low pressure generated along the
convergence line, triggering the severe convective weather such as gale, hail and short-term heavy
precipitation in western-northern Hunan Province. From the configuration of weather systems, the
occurrence of severe convection at this stage belonged to the category of warm advection forcing
proposed by Xu et al. [19-20].

At 2000 BJT on March 21, Hunan Province was located in front of the trough where there was
positive vorticity advection, which was conducive to the convergence and upward movement in the
low levels. Moreover, the forward-tilted trough provided favorable dynamic conditions for the
occurrence of the second stage of convective weather. In terms of humidity conditions, the northern

209



Advances in Engineering Technology Research ICBDMS 2022
ISSN:2790-1688 DOI: 10.56028/aetr.1.1.207
Hunan was dominated by the significant wet area at 850 hPa and dry tongue at 500 hPa. The
unstable atmospheric stratification provided a beneficial condition for convective weather. The
warm temperature ridge at 850 hPa converged with the cold shear at 700 hPa over western Hunan.
At the same time, the cold air near the surface began to enter into Hunan Province from 2000 BJT
on March 21. The convergence of cold and warm air promoted the enhancement and development
of convection. The severe convection in this stage belongs to baroclinic frontogenesis convection.

In Process 2, at 2000 BJT on March 25 Hunan Province was located on the right side of the
entrance of 200 hPa high-level jet where there was intensive divergence. There was a trough and a
ridge in the middle and high latitudes at 500 hPa. There were warm and wet southwesterly airflow
at both 700 hPa and 850 hPa over Hunan Province. From 2000 BJT on March 25 to 0500 BJT on
March 26, there was a short convergence line on the north side of the Nanling Mountains moving
rapidly eastwards and southwards along the mountains, resulting in a small-scale convective
weather, which basically ended at 0800 BJT. Overall, the synoptic condition is this stage was not as
favorable for severe convection as in Process 1. The convection in this stage of Process 2 was an
atypical type forced by warm advection. According to Fig. 2d, at 2000 BJT on March 26, the low
pressure trough at 500 hPa kept stable. The 850 hPa vortex was located over central Guizhou. The
location of the warm shear in herringbone shear was close to that of the shear at 700 hPa, both
located over the area from western Hunan to central Hunan. The convergence line at 925 hPa was
located over southern Hunan Province. The area between the ultra-low shear line and mid-low shear
line was the most unstable, which was conducive to the occurrence of convective weather such as
short-term heavy precipitation. At 850 hPa, the wet area was wide, but 500 hPa was relatively dry.
Hunan Province was under the control of unstable stratification. In addition, the cold air was strong,
and the central pressure of cold high pressure reached 1027.5 hPa. The cold air quickly passed
through Hunan Province and moved out at 1400 BJT on March 27. The convective weather in this
stage was a typical type of baroclinic frontogenesis convection.

4. Characteristics of physical variables

4.1 Water vapor condition

Sufficient water vapor is very important for the occurrence of short-term heavy precipitation.
Figure 2a shows the temporal cross-section of water vapor flux divergence and specific humidity in
Hunan from March 21 to 23. It can be seen that during Process 1, the specific humidity maintained
above 10 gekg—1 at 850 hPa and reached 14 gekg—1 near the surface, indicating that the humidity
condition in the low levels is favorable for convection. The evolution of water vapor flux
divergence shows that the water vapor converged obviously below 850 hPa from 0800 BJT on
March 21 to 0800 BJT on March 23, especially from 1400 BJT on March 21 to 0800 BJT on March
22. There was a significant water vapor convergence center near 925 hPa, which was over
northeastern Hunan Province with the central intensity above —15x10—5 ges—Ilescm—2¢hPa—-1. In
this period, short-term heavy precipitation occurred.

Figure 2b shows the temporal cross-sections of water vapor flux divergence and specific
humidity over Hunan Province from March 25 to 27. As can be seen, the specific humidity
maintained above 10 gekg—1 at 850 hPa and reached 14 gekg—1 near the surface. The water vapor
condition in the low levels is beneficial to the convective weather. The evolution of water vapor
flux divergence exhibited that from 2000 BJT on March 25 to 1400 BJT on March 27, there was
significant convergence of water vapor in the low levels below 800 hPa. Specially from 0800 BJT
on March 26 to 1400 BJT on March 27, there was a significant water vapor convergence center near
850 hPa, which further moved southwards to southwestern Hunan Province with the central
intensity exceeding —20x10—5 ges—1lecm—2+hPa—1. This period is consistent with the occurrence
period of short-term heavy precipitation in this severe convection process.
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Figure 2. Temporal cross-sections of water vapor flux divergence (shaded, 10—5
ges—1ecm—2+hPa—1) and specific humidity (contour, gekg—1) over Hunan Province in the periods (a)
from March 21 to 23 and (b) from March 25 to 27, 2020. The time in the abscissa is the Universal
Time Coordinated (UTC).

To sum up, in both convective processes, the specific humidity maintained above 10 gekg—1 at
850 hPa and reached 14 gekg—1 near the surface. The water vapor flux divergence in Process 2 was
larger than that in Process 1. The water vapor convergence center rose to the level above 800 hPa
and lasted for a long time, indicating that the water vapor condition in Process 2 was better than in
Process 2. Through the comparative analysis of different stages, it is found that the water vapor
convergence of the two processes was more intense in the baroclinic frontogenesis stage than that in
the warm advection forcing stage.

4.2 Dynamic conditions

The occurrence of severe convection must have favorable uplifting condition and initial
disturbance. The upward motion is conducive to overcoming the convective inhibition energy.
Figure 3 shows the cross-sections of vertical velocity and divergence of the two processes. It is
found that from 0800 BJT on March 21 to 0800 BJT on March 23, there was a low-level
convergence and high-level divergence, generating a strong upward motion. The strongest upward
motion occurred at 0800 BJT on March 21 with the vertical velocity above 2x10—2 mes—1, which
was basically consistent with the occurrence period of the severe convection. From 0800 on March
26 to 2000 on March 27, there was also a low-level convergence and high-level divergence. The
strongest upward motion occurred at 1100 BJT on March 27 with the vertical velocity exceeding
3%x10—2 mes—1. Therefore, the circulation configuration of high-level divergence and low-level
convergence is conducive to the development of upward motion, providing a suitable triggering
mechanism for severe convection.

Overall, in the aspect of dynamic conditions, there was low-level convergence and high-level
divergence in both convective processes. The upward motion in Process 2 was stronger and
maintained longer than in Process 1. According to the comparative analysis of different stages, it is
revealed that in the two processes, the upward motion was weak in the warm advection forcing
stage of both cases, and the dynamic conditions were more favorable in the baroclinic frontogenesis
stage.

4.3 Thermal conditions

The favorable thermal conditions are necessary for severe convection, and they have a good
indication of the intensity and duration of severe convective weather. Figure 4 shows the
cross-sections of temperature advection along 113 °E in the most intensive development time of
severe convection at 0200 BJT on March 22 and 0800 BJT on March 27. It can be seen that there
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was a deep warm advection area below 650 hPa over central Hunan at 0200 BJT on March 22 with
the central intensity of 12x10—5 Kes—1. There was a cold advection area above 650 hPa over
northern Hunan Province. The warm advection was the result of the intense development of
low-level jet and ultra-low-level jet, which was conducive to the formation of warm-wet
stratification in the middle-low levels. The high-level dry-cold stratification was superimposed over
the low-level warm-wet stratification, resulting in the strong development of thermal instability.
Under the trigger of upper-level pressure trough or near-surface convergence line, the thermal
unstable energy can be released dramatically, promoting the occurrence of severe convective
weather such as hail.
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Figure 3. Temporal cross-sections of vertical velocity (shaded, 10—1 mes—1) and divergence
(contour, 10—5s—1) over Hunan Province in the periods (a) from March 21 to 23 and (b) from
March 25 to 27, 2020. The time in the abscissa is UTC.
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Figure 4. Cross-sections of temperature advection along 113 °E at (a) 0200 BJT on March 22 and (b)
0800 BJT on March 27 (10—5 Kes—1).

At 0800 BJT on March 27, there was also a warm advection area below 650 hPa over the north
of central Hunan Province. The vertical extension was not as deep as that in Process 1 on March 22,
and the intensity was also weak with the maximum value being 4x10—5 Kes—1. Above 650 hPa, the
whole Hunan Province was basically controlled by cold advection, and the cold air was stronger
than that on March 22. The weak low-level warm advection was covered by the strong high-level
cold advection, resulting in the thermal instability stratification. Under the trigger of upper-level
pressure trough or near-surface convergence line, the severe convective weather such as hail can
occur.

In general, compared with Process 2, the intensity of warm advection was larger in Process 1 ,
the vertical extension of warm advection was deeper, and the cold air was weaker. Based on the
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comparative analysis of different stages, it is indicated that in the two processes, the accumulations
of unstable energy in warm advection forcing stage were obvious, which were both released to a
certain extent before the baroclinic frontogenesis stage.

5. Radar echo characteristics

5.1 Analysis on the radar echo characteristics in the first process

In Process 1, the supercell formed in the northwestern Hunan Province and then moved
eastwards, which caused hail and thunderstorm-gale in several areas of northern Hunan, and
short-term heavy precipitation in local areas. The hail intensively occurred in the period from 1830
BJT to 2300 BJT, which was in the warm advection forcing stage. There was a severe hail with a
maximum diameter of 6 cm in Yuanling Town, Huaihua City. Analysis on radar echoes shows that
there were three supercells within 100 km from ChangDe radar, and this phenomenon is rarely-seen.
At 1937 BJT, there was a strong echo at low elevation with the maximum intensity above 65 dBZ.
The three body scatter spike (TBSS) appeared at the elevation of 3.4° (Fig. 5a). The vertical
integrated liquid (VIL) reached 70 kgem—1. Figure 5b shows that there was a mesocyclone with the
rotation speed reaching 20 mes—1. Combined with the vertical profile of reflectivity factor (Fig. 5c),
the strong echo above 50 dBZ extended up to 10 km, which was significantly higher than the height
of —20°C and was conducive to the formation of hail. Meanwhile, the strong echo (>60 dBZ)
extended to surface, indicating that the hail landed. Moreover, the continuous favorable water vapor,
unstable energy and upward movement conditions led to the continuous formation of new hail
embryo. The hails were distributed almost in a line in the ground along the moving direction of the
convective storm.

Figure 5. (a) Reflectivity factor at the elevation of 0.5° in Changde at 0203 BJT. (b) Radial
velocity at the elevation of 1.5°. (¢) Profile of reflectivity factor in Changde at 1925 BJT.

At 0200 BJT on March 21, the cold air moved southwards, affecting northern Hunan Province,
and this time belonged to the baroclinic frontogenesis stage. The thunderstorm-gale in northern
Hunan was caused by the intensive rotation of the mesocyclone in the supercell. At 0203 BJT, two
supercells affected the Taojiang Town in Yiyang City, and the intensity in echo center was above
60 dBZ. There was significant TBSS at the elevation of 2.4° (Fig. 6a), which corresponded to the
mesocyclone (with the rotation speed reaching 15 mes—1) in western Taojiang Town in Fig. 6b.
Figure 6¢ shows the attribute table of the storm cell causing the thunderstorm-gale in Taojiang
Town. As can be seen, the predicted moving speed of the storm (the MVT product) reached 21
mes—1.

The stations in Taojiang and Yongshun with large hourly rainfall intensity are selected for
analysis. It is found that the maximum reflectivity factor of radar echo exceeded 60 dBZ due to the
influence of supercell. There was intensive updraft in the front of the supercell, which was
conducive to the occurrence of hail. The drag effect of the rear downdraft will also lead to
thunderstorm-gale and short-term heavy precipitation. Affected by this supercell, the echo of 55
dBZ maintained for two volume-scans. Below 5 km, there was a precipitation echo of 45-55 dBZ
with low centroid and high precipitation efficiency. Thus, the short-term heavy precipitation
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occurred in Lucidu Town, Taojiang County. Yongshun County was affected by a convective cell
with strong echo intensity. The maximum intensity of the cell exceeded 60 dBZ, and new
convective cells continuously generated in front of it. The convective cells continued to move
eastward and then affected Yongshun County. The echo of 55 dBZ maintained for 4 volume-scans,
leading to the short-term heavy precipitation in Yongshun.

Figure 6. (a) Reflectivity factor at the elevation of 2.4° in Changde at 0203 BJT on March 21. (b)
Radial velocity at the elevation of 1.5°. (¢) Storm attribute table.

5.2 Analysis on the radar echo characteristics in the second process

The precipitation and severe convection in Process 2 can be divided into three stages. The first
stage was from 2000 BST on March 25 to 1400 BST on March 26. The echoes affected southern
Hunan Province from west to east, causing short-term heavy precipitation and local
thunderstorm-gale. The second stage was from 1800 BST on March 26 to 0900 BST on March 27,
when there was heavy rainfall and local hail. The third stage was from 10:00 BST on March 27 to
2300 BST on March 27. The low pressure trough in the middle level moved from west to east. The
precipitation echoes moved eastwards and affected Hunan Province.

In this study, the radar echo characteristics in the first and second stages of Process 2are
analyzed. The first stage was dominated by short-term heavy precipitation and gale. According to
the analysis of echo characteristics of Yongzhou radar, there was a linear convection formed in the
north of Yongzhou from 0400 BJT to 0600 BJT on March 26 with the maximum reflectivity factor
of 60 dBZ (Fig. 7a). The echo with low centroid brought high-efficiency precipitation, and there
was a “V” shaped weak echo area at the rear side (Fig. 7b). On the side with large echo gradient of
the squall line, there was a high value area of low-level velocity. On the side along the echo moving
direction, there was high-level divergence and downward momentum transmission in the
middle-low levels. During this period, the wind speed in Shuangpai national station reached 16.4
mes—1.

In the second stage, from 1920 BJT to 1940 BJT on March 26, there was heavy rainfall process
accompanied with hail. The severe hail in Yuanling Town, Huaihua City had the diameter of 3 cm,
which was a typical hail event caused by supercell storm. According to the analysis of the echo in
Changde radar station (Figs. 8a and 8b), at 1902 BJT, the echo developed and the reflectivity factor
of 55 dBZ expanded to about 8 km. At 1926 BJT, the maximum reflectivity factor reached 65 dBZ.
The strong echo was overhanging. At the low-level echo area, there was obvious TBSS at the
elevation of 3.4°. Moreover, there was obvious mesocyclone at the radial velocity diagram with the
relative velocity of 18.5 mes—1, reaching the medium intensity. By analyzing the storm attributes
and the evolution of VIL, it is found that VIL increased significantly before hail occurred. From
0820 BJT to 1920 BJT, VIL reached 70 kgem—2, which had increased by 30 kgem—2. The
maximum reflectivity factor reached 50 dBZ at 1844 BJT and extended to 6 km at 1856 BJT. The
echo centroid reached 60 dBZ at 1914 BJT, the centroid height also extended to 6 km, and the echo
top reached 11 km, which were conducive to the formation of large hail.
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Figure 7. (a) Reflectivity factor at the elevation of 33° in Yongzhou at 0500 BJT on March 26. (b) Radial
velocity at the elevation of 1.5°.
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Figure 8. (a) Reflectivity factor and (b) radial velocity at the elevation of 3.4° in Changde at 1926
BJT on March 26.

5.3 Comparative analysis of the hail in Guanzhang Town in the two processes

In both processes, hail occurred from 1900 BJT to 2000 BJT in Guanzhuang Town, Huaihua
City. The hail diameter was 6 cm in Process 1 and 3 cm in Process 2. From the analysis of the radar
echo characteristics in Changde station (Table 1), it can be seen that the radar echoes presented
typical hail echo characteristics in the two processes, such as the overhanging strong reflectivity
factor, TBSS, weak echo region/bounded weak echo region, the sharp increase of VIL, strong
mesocyclone, intensive high-level divergence and a high-altitude echo centroid (above 6 km). The
maximum reflectivity factor in Process 1 (68 dBZ) was larger than that in the Process 2. In Process
1, the intensity of the mesocyclone was stronger, the VIL increase was larger, the mesocyclone
extended to a higher altitude, and the high-level divergence was more intense. As a result, the hail
in Process 1 was more severe than that in Process 2.

Compared with the radiosonde data at Changsha station (Fig. 9), the unstable energy of Process 1
was significantly larger. The convective available potential energy (CAPE) and downdraft
convective available potential energy (DCAPE) reached 1928 Jekg—1 and 1210 Jekg—1, respectively,
From the comparison of dynamic conditions (Table 2), it is found that the vertical wind shears at
0-3 km and 0-6 km in Process 1 were also significantly larger than those in Process 2. The larger
vertical wind shear was conducive to the rapid development and organization of convective storms.
Once the large unstable energy is released, it will cause more intense convective weather. In
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Process 1, the configuration of high-level dry air and low-level wet air was more obvious, and the
precipitable water was relatively less. In Process 2, the wet layer was deep, and the precipitable
water was up to 38 mm. Therefore, the disastrous weather was mainly hail and thunderstorm-gale in
Process 1, and was mainly short-term heavy precipitation in Process 2.

Table 1. Comparison of echo characteristics of Changde radar between the two processes.

Time 2000 BJT on March 21 | 2000 BJT on March 26
Maximum reflectivity factor (dBZ) 68 65
Mesocyclone intensity (mes™") 20 18.5
Maximum VIL (kges?) 72 65
TBSS Yes Yes
Maximum centroid height (km) 5 6
Maximum echo top height (km) 12 11
High-level divergence Yes Yes
Mid-altitude radial convergence Yes Yes
Weak echo region/ bounded weak echo region Yes Yes
Hail diameter (cm) 6 3
s L 2 w
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Figure 9. T-log P diagrams of Changsha radiosonde station at (a) 2000 BJT on March 21 and (b)
2000 BJT on March 26.

6. Conclusion

In this study, two severe convective weather processes in late March 2020 were compared and
analyzed based on the surface observation data, Doppler weather radar data, satellite black body
temperature data and the NCEP reanalysis data. The main results are as follows.

These two severe convective processes both can be divided into two stages, i.e. the warm
advection forcing stage and the baroclinic frontogenesis stage. The main disastrous weather in the
warm advection forcing stage of Process 1 was mainly thunderstorm-gale and hail, and that in
Process 2 was mainly short-term heavy precipitation. The warm advection forcing in Process 2
was not significant.

In terms of dynamic conditions, the development of southwesterly jet in Process 1 was more
intensive, but the cold air in Process was stronger. The upward motion of Process 2 over Hunan
Province was more intense and persisted longer than that of Process 1. In these two processes, the
upward motion in the warm advection forcing stage was weak, and the dynamic conditions in the
baroclinic frontogenesis stage were more favorable for convection.

216



Advances in Engineering Technology Research

ICBDMS 2022

ISSN:2790-1688

DOI: 10.56028/aetr.1.1.207
Table 2. Comparison of physical variables at 2000 BJT between the two processes.

Time 2000 BJT on March 21 | 2000 BJT on March 26
Sur-CAPE (Jekg™) 1928 637
DCAPE (Jekg™) 1210 738
SI (°C) -3 -6
LI (°C) -5 -4
K (°0O) 38 44
T850-500 (°C) 27 31
PWAT (mm) 35 38
Shear at 0-3 km (mes™!) 18 13
Shear at 0—6 km (mes™") 29 17
WBZ layer height (m) 3523 3640
—207C layer height (m) 7247 6536

In terms of water vapor conditions, in both processes, the specific humidity was above 10
gekg—1 at 850 hPa and 14 gekg—1 near the surface. The water vapor flux convergence in Process 1
was larger than that in Process 2. In both processes, the water vapor convergence was stronger in
the baroclinic frontogenesis stage than that in the warm advection forcing stage.

In terms of thermal conditions, the intensity of warm advection in Process 1 was stronger than
that in Process 2, and the vertical extension was deeper. But the cold air was weaker in Process 2.
The CAPE and K index also illustrated that the thermal conditions in Process 1 is more favorable
for convection than in Process 2. In both processes, the accumulation of unstable energy in the
warm advection forcing stage was obvious, but it was released to a certain extent before the
baroclinic frontogenesis stage.

In Process 1, there were three supercells within 100 km, which was rarely seen. In both processes,
there were hails from 1900 BJT to 2000 BJT in Guanzhuang Town, Yuanling County, Huaihua City
with the hail diameters of 6 cm and 3 cm in Process 1 and Process 2, respectively. According to the
analysis of radar echo in Changde station, the radar echoes both presented the typical characteristics
of hail echo, such as the overhanging strong reflectivity factor, TBSS, weak echo region/bounded
weak echo region, the sharp increase of VIL, strong mesocyclone and intensive high-level
divergence. In Process 1, the maximum reflectivity factor was larger, reaching 68 dBZ, the intensity
of mesocyclone was larger, the sharp increase of VIL is more significant, the vertical extension of
mesocyclone was deeper, and the high-level divergence was more intensive. Thus, the disastrous
weather in Process 1 was more severe, and the diameter of hail was larger.
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