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Abstract: The thunderstorm gale as powerful as grade (10—13) overturned a fishing ship along the Shan-
dong Coast on 29 April 2021. The causes of this thunderstorm gale process are investigated in this paper
based on the data of Doppler weather radar and densely-distributed automatic weather station, ERA5 reana-
lysis data and the conventional observation data. The results show that the cold and dry air coming from
northwest behind the northeast China cold vortex superimposed the lower-level warm ridge, and the strong
potential instability stratification and vertical wind shear provided favorable environmental conditions for
this severe convection weather. Under the influence of the strong upper-level northwest steering currents,
the advection of both the Qingdao thunderstorm and the gust front were fast, and the angular momentum
of downdraft was increased due to momentum downward-transporting. The gust front lasted for a long
time and moved fast, directly causing thunderstorm gale of grade 10 — 13 to hit the places it passed
through. Dry air in the middle-low troposphere and evaporative cooling of upper-level hydrometeor during
its falling process, formed a cold pool with thickness up to 120 hPa near the ground. Allobaric wind
formed between the pressurization area at the rear of the large-scale cyclone superimposed with the small-
scale cold pool and the decompression area of the cyclone. Density currents between the cold pool and
warm ridge in Rizhao superimposed with allobaric wind led to enhancement of surface wind. Considering
the orientation of the pressure gradient changed after the high pressure cold-core entering sea. Wind direc-
tion became rotated so that the risk of fishing boat overturning increased. The evaporation, gradient of the
frontal zone, intensity of density flow and superposition effect of the multi-scale weather system over
Rizhao, were all stronger than those in Qingdao, so that the thunderstorm gales above grade 10 in Rizhao
City, which lay on the edge of Qingdao thunderstorm, had a greater power and scope than those in Qingdao
City, that was affected by the main body of the thunderstorm.

Key words: gust front, density current, multiscale weather system superposition, evaporative cooling, mo-

mentum downward-transporting, allobaric wind
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(purple dot: place of accident, the same below)
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Fig. 3 Synotic chart at (a) 500 hPa and (b) 850 hPa at 08:00 BT 29 April 2021

(blue solid line: contour, unit: dagpm; red dotted line: isotherm, unit: C, colored: wind speed =28 m * s~

I at

500 hPa, red dotted line: warm ridge at 850 hPa, orange dashed line: region of temperature difference >>28C

between 850 hPa and 500 hPa; D. low-pressure center, G: high-pressure center, N: warm center, the same below)
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Fig.5 Evolutions of gust front by radar reflectivity factor at 0. 5° elevation of (a—f) Lianyungang
Radar and (g—1) Qingdao Radar at (a) 14:56 BT, (b) 15:07 BT, (¢) 15:19 BT, (d) 15:30 BT,
(e) 15:41 BT, (f) 15.52 BT, (g) 16:03 BT, (h) 16:15 BT, (i) 16:26 BT 29 April 2021

(blue circle: Qingdao thunderstorm)
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(blue thick solid line: the cold front; red thick solid line; warm front; red thin solid line: isotherm;

black contour: 1 h variable of temperature, solid line: positive, dashed line: negative)
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Fig. 7 Time-height cross-section of (a) pseudo-equivalent potential temperature

(purple solid line, unit: K), (b) air temperature (red solid line, unit; C) and meteorological
elements in Zhucheng Station from 08:00 BT to 20:00 BT 29 April 2021

(black dotted line: vertical velocity, unit; 107 hPa « s ';

colored: relative humidity )
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(a) Radar reflectivity and (b) vertical cross-section along Rizhao and Qingdao at 15:00 BT 29 April 2021

(in Fig. 8a, colored: reflectivity, brown line: the section position in Fig. 8b. in Fig. 8b, colored: relative humidity;

contour; divergence, unit; 10~ ° s~ !, pink: convergence, blue: divergence; barb:

horizontal wind; purple rectangle: Rizhao City, black rectangle: Qingdao City)
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(a) Sea level pressure at 14;00 BT (dot: position of cyclone center from 08.:00 BT to

20:00 BT, red dot: the first position after entering sea at 14:00 BT), (b) evolving tendency
of cyclone central pressure from 08:00 BT to 20.00 BT 29 April 2021
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(b) zonal cross-section along Kouguan Station at 15:00 BT 29 April 2021

(colored: vertical velocity, positive value: descending motion, negative value: ascending motion;

contour: du/dp, unit; 10~ m e+ s~ !+ hPa '; in Fig. 12b, black dot: Kouguan Station)
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