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Analysis of a Large-scale Hail Process in Ulangab City
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Abstract Based on the weather monitoring data, NCEP/NCAR reanalysis data and Doppler weather radar data, the circulation background, atmospheric
stability and changing characteristics of radar echoes of a large-scale hail weather process in Ulanqab City on July 5, 2021 were analyzed. The results
show that this hail weather process occurred in the summer afternoon of the hail-prone period in Ulanqab City, and was formed under the influence of up-
per trough and the circulation background of " two troughs and one ridge" , which was conducive to the occurrence of strong convection weather. The low-
level shear line provided the dynamic and water vapor conditions for the occurrence of the hail. In strong convection weather, water vapor was transported
mainly from the Bay of Bengal, India and Nepal over the Himalayas. Before the occurrence of strong convection weather, water vapor transport increased
significantly , and the low-level water vapor concentrated below 400 hPa, with obvious convergence and vertical transport. The characteristic parameters of
radar echoes, such as combined reflectivity, vertically integrated liquid, and echo top height, increased significantly before and during the occurrence of

hail, which had good indicative significance for the prediction and early warning of hail.
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Severe convection weather, especially hail, is a kind of seri-
ous catastrophic weather in summer and autumn in Inner Mongo-
lia, and is characterized by strong local nature, short duration and
great destructive power, causing serious losses to local agriculture
and animal husbandry production. Therefore, the forecast and ear-
ly warning services of hail weather is of great practical significance
to the disaster prevention and reduction of hail prevention'" .
Hail, a solid precipitation with a diameter greater than 5 mm, is
one of the main disastrous weather in Ulangab City. Affected by
the terrain, hail appears frequently in the middle of Ulanqab City,
especially in June and July. During a day, hail mainly occurs from
13:00 to 17:00, and is often accompanied by thunderstorm, gale
and short-term heavy precipitation. Hail often comes with fierce
force, high intensity, short duration and serious harm, so it has
great harm to agricultural production and brings economic losses to
people’s production and life in the city. Hence, it is needed to
study the causes of hail weather, and analyze the background
field, physical field and radar echo characteristics of its occur-
rence and development, so as to provide certain reference for the
short forecast and early warning of Ulanqab City in the future.

The generation of hail is closely related to high-altitude cold
vortex, low trough, cold advection and small- and medium-scale
weather system. The occurrence of hail is affected by these weath-
er systems, and changes with season and terrain. Hail is the prod-
uct of hail clouds. It is generally believed that the formation of
hail requires three basic conditions: unstable atmospheric stratifi-
cation, abundant water vapor and lifting force. Many studies have

been conducted on the mechanism of hail occurrence. Hail is usu-
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ally directly generated by small- and medium-scale systems under
the background of favorable large-scale weather conditions. Lu
Dejin et al."*' analyzed the radar echo characteristics of hail
clouds in Anhui Province in spring and summer. It is pointed out
that the echo intensity of hail clouds reached at least 55 dBZ, and
the maximum vertically integrated liquid ( VIL) of a monomer
should be no less than 30 kg/m’, generally 40 —80 kg/m’.

In this paper, based on weather monitoring data, NCEP/
NCAR reanalysis data and Doppler weather radar data, the fields
of physical quantities such as high-altitude, low-altitude and
ground circulation, relative humidity, specific humidity, and false
equivalent potential temperature in Ulangab City on July 5, 2021
were analyzed, and the environmental background conditions,
triggering mechanism, changing characteristics of physical quanti-
ties and radar echo characteristics of the large-scale hail were dis-
cussed, so as to provide certain reference for short-term forecast

and early warning of Ulanqgab City in the future.

1 Weather facts and disasters

From 07:00 on July 5 to 07:00 on July 6 in 2021, rainfall
appeared 219 monitoring stations (241 stations in total ) in Ulan-
gab City. Among them, 2 stations suffered rainstorm (50.0 —99.9
mm), of which the accumulated precipitation of Hongshaba in
Fengzhen City was 59.2 mm, and the maximum hourly rainfall in-
tensity 48.3 mm/h occurred in Hongshaba from 14 ;00 to 15:00 on
the 5"; the accumulated precipitation of Gaowusu in Shangdu
County was up to 53.7 mm. Heavy (25.0 -49.9 mm) , moderate
(10.0-24.9 mm) and light rain (0.1 -9.9 mm) appeared in
20, 59, and 138 stations, respectively.

The precipitation process was a convective precipitation process,
and was accompanied by lightning, hail and short-term strong precipi-

tation and other convective weather. Hail happened in most of Ulan-
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gab City, and was the largest range of hail weather since the flood
season in 2021. According to statistics, a total of 3 787 people and
2 993 hm® of crops were affected by the hail weather process, and

the direct economic loss reached 14.901 9 million yuan.

2 Circulation situation

At 08:00 on July 5, the upper 500 hPa of the city was affect-
ed by the upper short-wave trough, and was controlled by the
southwest air flow in front of the trough (Fig. 1a). The lower 850

high (Fig. 1b). At 14.00, 500 hPa temperature field and height
field were superimposed in reverse phase (Fig. 1c). There was an
intrusion of dry and cold advection over the city. The lower warm
ridge strengthened and developed, and the unstable energy was
enhanced (Fig. 1d). The circulation configuration of dry and cold
upper air and warm and wet lower air was conducive to the occur-
rence of hail. In the sea level pressure field (Fig.2), Ulangab
City was located behind the bottom of the hot low pressure, which

provided unstable energy for the occurrence of strong convection

hPa was controlled by the warm ridge, and the temperature was weather.
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Fig.1 Superposition diagrams of potential height field (unit: gpm) and temperature field (unit: °C) in the Northern Hemisphere (20° —70° N,

40° -140° E) on July 5, 2021
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Note: a. 08;00; b. 14..00.

Fig.2 Sea level pressure field in the Northern Hemisphere (20° —70° N, 40° —140° E) on July 5, 2021 (unit; gpm)
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On July 5, the large-scale hail in the whole city was accom-
panied by short-term heavy precipitation. Under the good system
configuration, the water vapor conditions were good during the
process. As can be seen from the relative humidity field at 14.00,
the relative humidity of Ulangab City at 850 hPa was relatively
high (Fig.3a), and the water vapor condition was relatively abun-
dant. At 500 hPa, the relative humidity was relatively low
(Fig.3b), and the air was relatively dry. The configuration of dry
upper air and wet lower air enhanced the instability of stratifica-

tion, and was conducive to the occurrence of convection weather.
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From the comparison between the profiles at 08:00 (Fig.3c) and
14.00 (Fig.3d), it is found that the lower humidity condition in
the city was mostly very good, and the water vapor in most of the
whole layer was warm and wet at 08:00. At 14.00, the dry cold
air invaded the middle layer, forming an unstable stratification of
dry and cold upper air and warm and wet lower air, and hail grad-
ually developed. At the same time, the specific humidity of
the city also increased significantly at 1400, and it was about
12 g/kg at 850 hPa (Fig. 3e), providing sufficient water vapor

conditions for the formation of hail clouds.
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Fig.3 Maps of physical quantities in the Northern Hemisphere (20° -70°N, 40° —140°E) on July 5, 2021 (unit: gpm)
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The occurrence of severe convection weather such as hail re-
quires certain triggering conditions. At 14:00 on July 5, Ulanqab
City was located on the right side of the entrance area of the high-
altitude jet stream at 200 hPa, and there was divergence air
(Fig.4a). The suction effect was conducive to the strengthening

of upward movement. At 850 hPa, it was located to the right of

the shear line between the northerly and southwesterly winds
(Fig.4b), and the convergence uplift of the shear line strength-
ened the upward movement. In the vertical speed field at 14:00 on
July 5 (Fig.3f), the city was in an obvious negative speed zone,
and there was an upward movement. The occurrence of hail re-
quires a certain upward movement. On July 5, the high- and low-
layer wind field and vertical velocity cooperated well. The exist-
ence of upper-level jet stream and shear line increased the upward
movement, and played a good role in triggering the lifting effect.
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Fig.4 UV wind fields over the Northern Hemisphere (20° -70° N,
40° -140° E) on July 5, 2021 (unit: gpm)

In summary, in the afternoon of July 5, the upper and lower
systems were well configured, with abundant water vapor condi-
tions , and the systematic upward movement provided a trigger con-
dition for lifting. There was obvious convective unstable stratifica-
tion and convective unstable energy accumulation in the lower lay-
er, and there were stratification characteristics of strong convection
weather such as hail and short-term heavy precipitation.

3 Characteristics of radar echoes
The maps of combined reflectivity factor, echo top height and
radial velocity of the multi-cell thunderstorm process are given re-

spectively. At 13:06, an obvious hook echo developed in the cen-
ter of the city (Fig.5a). At 13:40, the hook echo developed into
a strong band echo in the center of the city (Fig.5b), and the
maximum reflectivity factor reached 60 dBZ. At the same time,
several strong convection cells were generated in the southeast

of the city. At 14.30, the band echo split into strong dispersed

“Yaiby Temple
Kangbhor
)

Note: a. 13:06; b. 13:30; c. 14: 30.
Fig.5 Maps of combined reflectivity factor of Ulangab City on Ju-
ly 5, 2021
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blocky echoes to affect most of the city (Fig.5¢). The maximum
reflectivity factor of the strong convection cell located in the north-
west of Fengzhen City was up to 65 dBZ. The development of ech-
oes was an indicator of hail occurrence. The strong echo continued
to propagate to the east, forming an obvious train effect across
most areas of the city. The echo was very strong, and there were
multiple strong echo centers, with high centroid, which was con-
ducive to the generation of hail.

For the strong convection echo in the northwest of Fengzhen,
the maximum echo intensity was 65 dBZ (Fig.6a). The echo top
height developed into 14.5 km (Fig. 6¢), and VIL also had a sig-
nificant jump, with a maximum of 58.5 kg/m’ (Fig.6d). The re-
flectivity factor had front inflow gap and rear inflow gap. The front
inflow gap indicated there was updraft, and strong updraft was
conducive to the growth of large hailstones in the air. The rear in-
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flow gap showed there was downdraft, which might cause destruc-
tive winds. The basic radial velocity had obvious convergence of
wind direction (Fig.6b), which was conducive to the further de-
velopment of upward motion of convection storm. At the rear of the
convection storm, the diverging downdraft descended to the
ground, and the diffusive wind outflow forced the warm and wet
airflow at the front of the convection storm to uplift, which further
strengthened the upward movement. There was obvious storm top
divergence at the echo top, which was also an important indicator
of hail weather. Strong vertical wind shear is also an important in-
dicator of hail production. The wind shear diagram shows that the
wind shear of the strongest echo was above 30 m/s, and it be-
longed to strong vertical wind shear, which was conducive to the
occurrence and development of hail.

Name:26

)

Elev:0.5 deg
Range:100 km
Reso:250 m

Fengzhey

Range:200 km
Reso:2 km
Max:65.5 kg/m"*

Elev:15 deg
Range:200 km
Reso0:500 m

Shear:Az+Rad
Max:237 E-4/s

Note: a. Combined reflectivity; b. Basic speed; c. Echo top height; d. VIL; e. Wind shear.

Fig.6 Radar maps of Fengzhen at 14:30 on July 5, 2021
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4 Conclusions and discussion qab City strengthened upward movement, and the negative verti-

(1) The hail weather mainly occurred during the eastward cal velocity indicates that there was a strong upward movement.

movement of the upper air trough accompanied by the shear line. The profile of relative humidity shows that there was obvious con-

The shear line presented a forward tilt, and the forward tilt situa- ~ Vectve unstable stratification

tion intensified. As a result, the cold dry air behind the upper (4) It can be seen from the radar echo maps that the hook

shear line was placed on top of the warm and humid air in front of echo gradually split into several strong convection cells, and

the lower shear line, and the wind shear in the vertical direction moved eastwards to gradually affect most of the city and bring a

strengthened, increasing the convective instability of the air col- large-scale hail to the city. It was accompanied by short-term

umn over Ulangab City, which was conducive to the triggering heavy precipitation. The parameters of radar echo characteristics,

and development of hail weather with strong convection. such as combined reflectivity, vertically integrated liquid, and

(2) The water vapor channel of this hail and other strong echo top height, increased significantly before and during the oc-

. . currence of hail, which had good indicative significance for the
convection weather was the main transport channel for water vapor ’ g g

. rediction and early warning of hail.
in summer; water vapor was transported northeastwards from the p y &

Bay of Bengal, India and Nepal over the Himalayas. Before the
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