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Abstract Two large-hail supercells that occurred before spring in Zhejiang, on February 21, 2024 (“24-2:21”), and
March 3, 2025 (“25-3-3”), were analyzed using the reanalysis data, automatic weather station observations, lightning
location data, and S-band dual-polarization radar data. The results indicate that both convection events occurred after the
passage of a cold wave front and were elevated convection systems. Above the inversion layer, conditionally unstable
stratification and positive convective available potential energy were present. Deep convection was rapidly triggered
under the influence of the 850 hPa shear line. Strong, deep-layer vertical wind shear favored the development of

supercells. The dry layer in the “25-3-3” case was deeper than that in the “24-2:21” case. In both supercell hail processes,
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hailfall was accompanied by a decrease in storm centroid height and in the maximum shear height of the mesocyclone.

The “24-2:21” supercell exhibited a long maintenance time, a mid-level double vortex structure, and differential

reflectivity (Zpr) and specific differential phase (Kpp) columns extending above 6 km. The Zpr and Kpp values within the

overhanging echo were small, and the cross-correlation coefficient (Cc) decreased with decreasing height, indicating the

presence of melting small ice phase particles, which favored moist hail growth. In contrast, the “25-3-3” supercell had a

shorter maintenance time, a deep single vortex (mesocyclone) structure, and a pronounced rear inflow. The Zpr and Kpp

columns were confined below 5 km. Small Zpr and Kpp values accompanied by large C¢ values at upper levels indicated

a greater abundance of dry ice phase particles. This was manifested by an increased frequency of intracloud lightning

flashes, which may be associated with accelerated freezing caused by rear-inflow dry cold air and was conducive to dry

hail growth in the upper cold cloud region.
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Fig. 1 Distribution of S-band dual polarization radar and lightning

locator in Zhejiang Province.
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Fig. 2 The storm tracks (the lines connecting the red dots) and hail positions (the black triangles) from (a) 1709 BJT (Beijing time) to 2056 BJT on 21
February 2024 and (b) 0514 BJT to 0808 BJT on 3 March 2025. The combinations of the blue arcs and the triangles in (a, b) represent the positions of
the ground fronts at 2000 BJT on 21 February 2024 and 0800 BJT on 3 March 2025, respectively.
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Fig. 3 (a) Weather situations of 850 hPa analysis superimposed with a ground cold front at 2000 BJT on February 21, 2024, and (b) weather
situations of 850 hPa analysis superimposed with a 500 hPa upper-level trough line and a ground cold front on March 3, 2025. The blue contour lines
are contours, the red contour lines are isotherms, the brown line segments are 500 hPa trough lines, the red dot lines represent the 850 hPa convergence
shear lines, the wind plumes represent wind vectors on the 850 hPa isobaric surface, G and D represent high and low pressure centers, and the

combination of blue curves and triangles represents surface cold fronts.

200

200

@ (®) 5
W1
300 300 o
»
g 400 g 400 o
»
500 500 &
600 600 5
N
700 700 %
800 800
900 900
1000 1000
40 30 20 -10 0 10 20 30 —40 30 20 -10 0 10 20 30 40
Temperature/°C Temperature/°C
200 200
(© (@
300 300 —
g 400 ﬁ,;"’ 400
%
X 500 500
600 600 N\
700 700
800 800 >
—-40 -30 20 -10 0 10 20 30 Ao -40 =30 20 -10 0 10 20 30 40
Temperature/°C Temperature/°C

4 (av ©) 202442 7 21 H 20:00 GAAMILHGA (by d) 2025 4F 3 A 3 H 05:00 FI4H XEA B E2S 24T (av b 1000 hPa #1 (e,
d) 850 hPa HIHRZ &l LLGLNZLE, BOLOVRESHE, SOLONE AL, KOZONFRE, e, BOKERRSRE K
BL BRI 1 GE & o

Fig. 4 The sounding map of (a, c) Jiaojiang Station in Taizhou at 2000 BJT on February 21, 2024 and (b, d) sounding map above the initial storm at
0500 BJT on March 3, 2025 from the starting level of (a, b) 1000 hPa and (c, d) 850 hPa. The red line represents the sounding curve, the black line is
the state curve, the green line is the dew point curve, and the gray line is the isotherm.Pink and blue areas represent convective available potential

energy (CAPE) and convective inhibition (CIN) respectively.
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Fig. 5 Composite reflectivity (top line, shadings, units: dBZ) from Wenzhou S-band radar and Zy (horizontal polarization reflectivity factor, units:
dBZ) profile (bottom line) passing through the black straight line segment in (a—d) at (a, ) 1631 BJT, (b, f) 1827 BIT, (¢, g) 1839 BJT, and (d) 1939
BIT on February 21, 2024. (The black solid line represents the 50 dBZ contour line, and the black dashed line represents the 60 dBZ contour line in
(), flash distributions within 6 minutes (The black dots represent cloud-to-ground flashes, while the pink triangles indicate positive ground flashes,

and the blue triangles denote negative ground flashes in (a)-(d) .The brown dotted lines represent the height of the wet-bulb temperature layer at 0 °C in
(e)-(D)
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Fig. 8 Spatial distributions of (al—a3) Zy (horizontal polarization reflectivity factor, units: dBZ), (b1-b3) V (radial velocity, units: m sﬁl), (c1—¢3) Zpr
(differential reflectivity, units: dB), (d1-d3) Kpp [specific differential phase, units: (°) km_l] and (el-e3) Cc (cross-correlation coefficient) of the
elevation angles of (al—el) 0.5°, (a2—e2) 2.4°, and (a3—e3) 5.3°, with the vertical sections of (f1) V, (f2) Zpg, (f3) Kpp and (f4) Cc passing the black line
in Fig. 5b at 1827 BJT on February 21, 2024. The black solid line represents the 50 dBZ contour line, and the black dashed line represents the 60 dBZ

contour line.
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Fig. 8 (Continued).
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Fig. 9 Same as Fig. 8, but for 0656 BJT 3 March 2024.
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