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Abstract Based on the NCEP (National Centers of Environmental Prediction) analysis data and various observations from au-
tomatic weather stations (AWS), cloud-to-ground lightning positioning system, stationary meteorological satellites and weath-
er radars, the present study uses a "ingredient-based method" to comprehensively analyze environmental conditions, evolution
characteristics, trigger and development mechanisms of a rare strong arc-shaped squall line with maximum instantaneous wind
on nearly F12 scale and large hails. The squall line originated on the southwestern side of a 500 hPa cold vortex and swept
northwestern Hebei Province and central and northern Beijing during the period from afternoon to midnight on 7 July 2017. The
strong low-level jet, large convective available potential energy (CAPE) above 2000 J/kg and intense 0 — 6 km and 0 — 3 km
vertical wind shears were very favorable for the development and maintenance of the squall line. A supercell storm embedded in
the squall line produced large hails and high winds. The lower level of 3. 8 km altitude for the wet bulb temperature 0 C was in
favor of producing large hails. Dew-point deficit that was up to 30 C in the middle troposphere and large vertical temperature
lapse rate caused large downdraft convective available potential energy (DCAPE) , which promoted the formation of bow echoes
and high winds. The convection initiation of the squall line was triggered near a surface convergence line between northwesterly
winds and southwesterly winds. High winds and large hails were mainly located in the low TBB and active positive cloud-
ground lightning area. Radar observations show that the squall line developed from a linear convection system to a cluster su-
percell storm, and finally to an arc-shaped squall line with significant overhang echoes, weak echo regions, mesocyclone (or
mesovortex) and strong rear inflows which caused rear inflow notches. Intense downdraft induced by the strong jet in the mid-
dle of the troposphere and high dew-point deficit was the main cause for the formation of the bow echoes in the squall line. The
mechanisms of maintaining the squall line and bow echoes include large CAPE and DCAPE and strong vertical wind shear.
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Fig.1 Convective weather, path of the squall line, cloud-to-ground lighting and synoptic situation
(a. convective weather and squall line path during 09:00 —15.00 UTC 7 July (dots with different colors represent
hourly precipitation of no less than 20 mm; red circles represent sounding stations at Zhangjiakou and Beijing,
respectively; black triangles indicate hails; the gray solid line denotes 500 m terrain height; the solid line with
black pentagrams shows the path of the core of the strongest reflectivity of the squall line, 35 dBz radar reflectivity
contour is marked by colorful solid lines) ; shaded areas represent 13:30 UTC radar reflectivity of no less than 30 dBz;
b. hourly cloud-to-ground lighting (38° = 42°N, 113"~ 119°E) during 08:00—15:00 UTC 7 July
(blue bars represent negative cloud-to-ground lighting, red bars are for positive cloud-to-ground lighting,
and the polyline shows the proportion of positive cloud-to-ground lighting to total) ;

c. synoptic situation at 12:00 UTC 7 July (black solid lines are contours of geopotential height at 500 hPa, the unit is
dagpm and interval is 2 dagpm; red dotted lines are contours of temperature at 500 hPa, the unit is C and
interval is 1'C; gray shaded areas show wind speed at 500 hPa; purple barbs are for 500 hPa winds;
blue barbs are for 850 hPa winds; light brown solid lines are shear lines at 850 hPaj;
the dark brown solid line is the trough line at 500 hPa)
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Fig.2 Environmental conditions for the squall line
(a. Low-level temperature and humidity at 06:00 UTC 7 July (areas shaded in gray show temperature difference
between 850 hPa and 500 hPa, the unit is C; green solid lines are contours of specific humidity at 925 hPa, the unit is g/kg;
black barbs are for 850 hPa winds; red solid lines are contours of temperature at 850 hPa, the unit is C and interval is 1'C);
b. convective instability energy and moisture (gray shaded areas represent CAPE, the unit is J/kg and interval is 500 J/kg.,
and red solid lines are contours of 1500 J/kg; blue solid lines are contours of CIN, the unit is J/kg and interval is 50 J/kg;
green solid lines are contours of precipitable water content, the unit is mm and interval is 5 mm); c and d. vertical shears
at 06:00 and 12:00 UTC. respectively (purple solid lines are contours of vertical shear from 700 hPa to 1000 hPa,
blue barbs are for vertical shear wind from 700 hPa to 1000 hPa, the unit is m/s, interval is 5 m/s; gray shaded areas
represent vertical shear from 500 hPa to 1000 hPa, the unit is m/s); e. skew T-lgp diagram at Beijing sounding station
(the magenta thick solid line is the lifting curve, the black thick solid line on the right denotes temperature profile and

the black thick solid line on the left represents dewpoint profile))
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Fig.3 Radar reflectivity at 2. 4° elevation at Zhangjiakou radar station for 08:18 UTC 7 July 2017 (a, the magenta

ellipse denotes the location of the initial convective system) and observations from AWS for 08.:00 UTC (b, dots in

different colors denote temperature, areas shaded in gray show terrain height, numbers represent dewpoint

temperature, blue barbs denote northerly winds, black barbs denote southerly winds, purple solid lines are

contours of 35 dBz radar reflectivity, brown solid lines are contours of surface convergence lines.,

and the red ellipse denotes the location of the initial convective system)
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Fig.4 Radar reflectivity no less than 10 dBz (a. 09:54 UTC, b. 11.:54 UTC, c. 13:30 UTC;

red ellipses denote the locations of convective system at different periods) and TBB (shaded areas

represent TBB, the unit is ‘C; black solid lines are contours of —32°C, purple solid lines are contours

of =52C) of FY-2G at 14:00 UTC and lightning (d) during 13:00—14:00 UTC
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Fig. 5 Radar reflectivity at Zhangjiakou radar
station for 10:42 UTC (a. reflectivity
at 0. 5° elevation, b. vertical cross section along
the white solid line AB in Fig. 5a) and
observations from AWS for 10.00 UTC 7
July 2017 (c. same as Fig. 3b)
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Fig.6 Radar reflectivity and radial velocity at Beijing radar station for 11:54 UTC (a. radar reflectivity
at 0.5° elevation; b. vertical cross section along the solid line CD shown in Fig. 6a; ¢, d. e. distributions of
radial velocity at 0.5°, 1.5°, 2. 4° elevations; f. vertical cross section along the solid line CD shown in Fig. 6¢)

and observations from AWS for 11:00 UTC 7 July 2017 (g. same as Fig. 3b)
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Fig. 7 Radar reflectivity (a) and radial velocity (b) at 0.5° elevation at Beijing radar station for 13:00 UTC;

(c) and (d) vertical cross sections along the white solid line (EF) shown in (a) and (b);

(e) and

(f) vertical cross sections along the white solid line (GH) shown in (a) and (b)

(In (a), (c) and (e), the unit is dBz; in (b), (d) and (), the unit is m/s)
and observations from AWS for 12:00 (g) and 13:00 (h) UTC 7 July 2017

(same as Fig. 3b)
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