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Abstract: Using conventional observation data, Doppler radar data of Xi”an Station, surface densely ob-
served weather data and ERAS5 reanalysis data (0. 25°X 0. 25°), the environmental conditions and trigge-

ring mechanism of four severe convection weather processes in Guanzhong Area of Shaanxi Province, under
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the influence of subtropical high from 2015 to 2018 are comparatively analyzed. These four cases resulted
in local geological disasters and urban flooding, but the global model failed to forecast the short-term rain-
storms. Results show that the severe convection in Guanzhong Area under the control of subtropical high
often coexists with the hot weather. When severe convection occurs, low-level atmospheric water vapor
content is large and the atmospheric precipitable water can be more than 50 mm. Relative to the systemic
rainstorm that occurs in the peripheral of the subtropical high, the water vapor transmission in such
weather is relatively weak. The strength of the water vapor transmission determines the total rainfall in
the severe convection process. The convergence center is located at the height from the surface to 800 hPa.
Compared with the systemic rainstorm, the convergence center position is lower. The main role of low-lev-
el convergence is to overcome convection suppression, and to release unstable energy. Favorable environ-
mental conditions for the occurrence of severe convection including intense geopotential unstable layer, low
level of free convection, medium intensity of convective available potential energy and thick warm clouds.
The triggering mechanism is mainly cold front and low-level wind convergence line. When there is a cold
front in the upwind, the cooling effect of precipitation behind the cold front increases the temperature gra-
dient to enhance the cold front, and cold air in the lower layer invades the atmosphere with high tempera-
ture and high humidity controlled by subtropical high, triggering severe convection. The convection in
warm sectors is usually triggered by ground convergence line. The convection induced cold pools can form
gusty front and trigger new convection. The terrain of Qinling Mountains has a significant impact on the
movement and spread of the severe convection. The convection that occurs in north of Guanzhong Area and
moves southward can easily cause rainstorm because of the rain belt blocked by Qinling Mountains. The
new convection along the terrain convergence line in the northern Qinling Mountains triggers new convec-
tive development in Guanzhong Area, as the potential energy is converted to kinetic energy during the de-
scending process. The convection system moves faster and the duration of heavy precipitation is shorter, which is
easier to produce large-scale thunderstorm and gale weather.

Key words: severe convection, gusty front, atmosphere instability, trigger mechanism, frontgenesis, ter-
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(Colored is sea level, thick black line represents Guanzhong Area and

Topographic map of Shaanxi Province

dashed line is 109°E, red triangle is the location of sounding station

and radar station of Xi’an, box shows the drawing range in Fig. 2)
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Observation of four convection cases

(a) 08:00—20:00 BT 2 August 2015, (b) 20:00 BT 24 to 08:00 BT 25 August 2016,
(¢) 08:00—20:00 BT 27 July 2017, (d) 08:00—20:00 BT 26 July 2018
(Colored is 12 h accumulated rainfall, light blue is for 25—50 mm and dark blue for 50—100 mm;
spot represents 1 h rainfall =20 mm, wind barb is for the station wind speed >17.1 m s !,
red cross is the location of Xi’an Jinghe Sounding Station)
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Fig. 3 Weather conditions of four convection cases at 08:00 BT 2 August 2015 (a),
20:00 BT 24 August 2016 (b), 08:00 BT 27 July 2017 (¢), 08:00 BT 26 July 2018 (d)
(Black solid line is 500 hPa geopotential height, unit: dagpm; red dashed line

is 850 hPa isotherm, unit: C; wind barb is 850 hPa wind, unit: m+ s~ 1)
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Fig. 4 The water vapor vertical distribution of four convection cases at 18:00 BT 2 August 2015 (a),
03:00 BT 25 August 2016 (b), 18:00 BT 27 July 2017 (¢), 14:00 BT 26 July 2018 (d)

(Vertical sections are along 109°E in Figs. 4a, 4d and along 108°E in Figs. 4b, 4c; isoclines represent specific humidity,

unit; g« kg™!

colored represent divergence of water vapor flux, unit: 1077 g+

—1

; vectors represent water vapor flux, unit; g« cm !« hPa™! « s 13

—2

s lehPa!ecm ?;

gray shadows represent terrain, vertical profiles is made with ERAS5 data, the same as below)
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red dashed line; 2 m temperature, unit; C; red solid line; surface convergence line) ,

(b) 2 m temperature (solid line) and 1 h temperature change (colored, unit: C) at 16:00 BT, (c) vertical profiles of

pseudo-equivalent potential temperature (black solid line, unit: K) . frontogenesis function (colored,

unit; 107 Kem™!

+ s ') and vertical velocity (red solid line, unit; Pa s ')

along 109°E at 18:00 BT and (d) 1. 4° radar reflectivity factor (colored, unit: dBz; black solid line: gust front)
at Xi’an Station at 18:36 BT 2 August 2015
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(a) The ground synoptic chart at 20:00 BT 24 (black solid line: sea level pressure,

unit; hPa; red dashed line; 2 m temperature, unit; C; blue solid line; cold front),

(b) vertical profiles of pseudo-equivalent potential temperature (black solid line, unit: K),

frontogenesis function (colored, unit; 1077 K« m™!

+s ') and

vertical velocity (red solid line, unit: Pa « s ') along 108°E at 02:00 BT 25,
(c) 10 m wind (barb) and wind convergence line (thick black line) at 02:00 BT 25 and

(d) 1.5° radar reflectivity factor (colored, unit; dBz; black solid line: convergence line)

at Xi’an Station at 02:21 BT 25 August 2016
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107" K+ m™"' « s7") and vertical velocity (red line, unit: Pa + s™') along 108°E at 18.:00 BT,
(¢) 2 m temperature (solid line, unit: C) and 1 h temperature change (colored, unit: C) at 18.00 BT,
(d) 1.5° radar reflectivity factor (colored, unit; dBz) at 18:11 BT, (e) 3. 4° radar velocity (unit; m+ s ')
at 18:00 BT and (f) radial velocity profile at 18:11 BT in Xi’an Station on 27 July 2017
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(a) The 10 m wind at 13:00 BT (thick solid line: surface convergence line), (b) vertical profiles

of pseudo-equivalent potential temperature (black solid line, unit: K). frontogenesis function (colored,

unit; 107" K e m™!

+ s ') and vertical velocity (red solid line, unit: Pa + s~') along 109°E at 14.:00 BT,

(¢) 2 m temperature (black solid line, unit; C) and 1 h temperature change (colored, unit; C) at 14.:00 BT and
(d) 0.4° radar reflectivity factor (colored, unit: dBz; thick solid line: gust front) at Xi’an Station at 14:01 BT 26 July 2018
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