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Abstract: Using the S-band dual-polarization radar data and the surface precipitation phenomenon
instrument data, the process of a hailstorm severe convective weather in Yongding District of
Longyan on 27 March 2020 was analyzed, and compared with the short-term heavy precipitation
characteristics occurred in Zhangping at a similar time. The results show that the echo height of
hail cloud in Yongding jumped before hail shooting.There is a bounded weak echo in front of the
cloud moving direction, and the Zpg arc with an intensity of 2~4 dB also appears there. The Kpp

column develops high inner hailstorm simultaneously, up to 7~8 km. The Kpp column also appears
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in the heavy rainfall cloud in Zhangping, but its height is lower. There are hailstones aloft in
Zhangping, but heavy rainfalls with large raindrops appear on the ground for hail stones melting
during falling. In the front of these two strong convective clouds, the large drop(>3mm) ends
increased firstly with raindrop spectrum boarding, showing double or multi-peaks. While the
strong center of convective cloud moving closer, the concentration of small rain drops(<imm)
increases in magnitude. It is related to the separate fall tracks of large and small raindrops caused
by the strong environmental vertical wind shear in the front of convective cloud. In the hail
shooting or heavy precipitation stage, the hailstones have low density and raindkop spectrums
show weak double peaks at Yongding station, while single-peaks present atrZhangping, station.
The large drops at the two stations in this stage are mostly caused by the melting from small_hails.
The double-peak structure of the raindrop spectrum after hail shooting is mainly ‘caused by the
collision of raindrops. The raindrop spectrums at the tailfof“the /Cloud, become narrow, with
decreasing in magnitude of small particles.

Key words: Dual polarization radar; Precipitation phenomenon instrument; Hail; Raindrop

spectrum

5 5

KRB REHEFHR FEARRKE L —, BALEMLE. JRtbikeg, RAVERER R,
B 2 AN A 7= SR B (15 el NEBK B 2 (R — RS R A — KB . B UK E K
HEFIR R, KR B BRARFAE S UKL 43 A i ARV, 0 K8 R A I 90 e N L5 B A
VAR ARG R VR AT EL AT B 3

AR, B AR TR 1 6 7 9 T R S A5 BB R SE 5 30 R ¥ A T o e 3
B AR 1R E BRI, BB AS 42 KA% E S BRI T 1S 484k, REARIERETE — B 2 b R
SRR B EE 55 46 S A8 - 4F (Hu and Srivastava, 1995; Konwar et al, 2014; Wu et al, 2019;
FEEPhAE, 1986; EIMRASE, 1997; AEANAE, 2004; MRICEE, 2016; EARAIXIE, 2019),
FE B R R b () R B TR A B A — € R, Federer and Waldvogel (1975) 11
TV L 4R 7 BT T 22 A X R UK RS R R R R AE 2341 s 2RSS (2007 1) R o v i SO0
BORLI AT TR R IR VKB R R AKRL T IS FRFALE s R B ANy (2018) 45 & 0GR 11

BB RATE L GORI T T e B i AR ok 7 3 2 B I (8] ARV R AE s MV 55 (2020) 5 H



I UL 00 BRE0T L 3 A 17— S TR 0 I R U R e o R MY S ) BARFALE O TR
AN A T T B B R RS R SR S UK BT A - 7E 2= A A EI R SR S 2, XU I 5 38 0 m sk
PRI 7 R 1 A (B SRR = (R SRR A, UM L R SRS, B RePR
BN ZE 5 RO R T (Zor) ZHBFE (Kpp) RAHKREL (CO) FmIRSHL, i xiHmikS
ot el FIMT = ok RS R TR RHES . BRI, AR THOINKE SR, 1
W UKL 2 IO B AR LE % B 3 45 K 55 77 T B A e ) S A A s T P 423 2 F XU A1
HIEEVKE =R TR T Y27, Aydinetal (1986) B T 2T Zop R IR BIVKE X
f757%; Hdleretal (1994). Konwar etal (2008) J:TXURIRTHEIASEL, 40 BRI VAL X ZAM
TR AR AT VK RN BN S G5 A RGO B AR REAT TR 5T XIBR-T %6 (1993). #
12 BRI 21 (2006 VB T T AU T4 TR UKL X 1 75925 15 1 85520 1838 4 5045 2020)
H T TR 738 GORHITIT T VKB A ST AR R MROCEE (2020) BIFFT 1 ASRGR LR R
RS R AR S BRI .

M) FH R 3R T ASC BRHER 5 U IR R I BB R TR A SR A FE R AR RAIE T 7 A
iRz, Bk, ASCR I RS s M okl s RS0 DR 2 1 8 5 A S Bk
X¥20204E3 H 27 H e 7KGE X H L) — IR UGS = W) FRAFAE S 3 1 R kAT 0 #, IS
[l —RARG N ARV R AN R K 2 4 22020436 H3LH e EHE K AEMEX BN =
RIFATXS T, WHFRVKE S FAE R B AR 2 8 T B /KORL T 1SR, A RN I 3 13t
TR J A7 3t N 7 B A LS AH SR AR 4 -

1 ORGP SRS 5ot
1.1 FRF7EE

AR PR B BB B S UK R R AR 2 H 0 e 2 A T R BB, G B o B ) )
e S P BONMAR 75 15 BORE B Je 7K E T B SRR R R K I AL HER

DSG4 [4 /K I ZI R —FoR AR BRI 24 B R G (HR3k[F) PASIVEL?), HR4#
B AKRL T XHBOG (5 5 F R EE AL, AT SRR I BEAR D AR RIEE v, 3t
32 AN RBESE RN 32 AN AL, Hrk 7 FE I i 5 A 0.050~20.800 ms™, KR &
TGN 0.062~24.5 mm, SRAEFIBE Y 1 min, F= T B AR 158 - FRUBE RS 70 A PO I L PRI
BB WRE . IKE SRR BRBEAT 733100

A 2% Yuter et al (2006).  Friedrich et al (2013). Jiaetal (2019) )75 %} it
ML AT 7 PR (1D BIBRAES AR (D<0.3 mm) HOMLINEDE: (2) EEUR
REFHOKCT 10 4 (3) SiFa Rk g 7 E KM (V<1 m s™ H D>5 mm) LR 2%



(4) BB R E LRSI (VAT R 22100 T 60% T R H. D<2 mm) & B mi il i 2
(5) Z B A AR FAE X 1 2 A 52 WL ) B KR (Vi TR £ 1m) | 60% L FR H. D<8 mm)
T IR 2

VKIS rh B AORLF IEAR S Y LA RS, A SO R« KL V& ASH I FH i A 42
HEE ACRE R, BARILEL. HRHENIuetal (2010) FlJiaetal (2019) 75 EX AN [FlKL
%mT%X@Eﬁﬁ@E,%%ﬂﬁ%ﬁ%(%)“su:ﬁi%%%%ﬁ,pg%ﬁ@k

REEL, ACGEAEPARYE MU B Sh 8% IO RE T PR . AU AT BT IR AR 3

91.05.
xR1WE KETEREE-REXAE
Table 1 The terminal velocity and diameter relationship of raindrop and hailstone
VIES B (mm) it A SCRRRE
23] D<8 mm V = 9.65 — 10.3¢-060 Gunn and Kinzer, 1949
&% (0.31~0.61gcm™) -
1.V = 8.445(0.1D)°*553
= D>5mm 2.V =12.43(0.1D)°° Knight, 1983
19 60,82 g'emid;

V = 10.58(0.1D)° %’

o A ER JE TS ASC R (T RIS Y I RO NT CRAL: AN m®) o Y5

R=L"[N(D)DV (DYID st NAD i 4k 2 (el 4 m®mm™ , v (D)

NBRGBLT RIERER A ms™) ; MR IR KER Dy CRAZ: mm)
1.2 REXARKRER
M 2020 485 27=H 08 i (AL mh, F[R1)500hPa 7S EIRE, G XU Al g SO 7R 8%,

Jo T ALTE i SCRE R PG P AR, AR RS AR T-Te>15°C, o' T AR P A7 AE 3 40 1 X
700~925 hPa VIR AR R I, e T2 ) A8 s (VG SRR, A B i 1 B L FH RS, 7
R TR AT, ARE HIR N 10~12 g kg™t HBRESEAFIUT, Jotds T 2R M A AE B0 53
EFRREATR R Z S, R REE RIS NIRRT, TEERFIRER A B W T i
WY, mEATABINERERE SR L, KBS TARERE, NEERAL T ]
J15AF: M08 B IRE SRS i 2k IR W, 0°CZmiE N 4031 m, -20°C /2 EH 7640 m, 7
525 J 0 B P A B, AT R T UK RS R 4 - CAPE (6 1929 D kg™, K #6504 36 °C



MR RE R, REiA T E IR . WX BERra] W (KIS, FEE E A
L5 R O S AR B A, 17—18 IR E R 2 m s /ed, 18—19 I 2k 2
FJERGEIL 22.8 m s, i 900 hPa M I KUHEAE 2 m s™ A7, A K 25t 20 m s,
kB R E AR AR, WOk S IRE RE RSB, (R E .

15:03-21:00 & i1 o AR 30 BRI 2 AR oA R, 870 1 DX HE 3 P e P R T ) )

UKEL, HrpukEA R T 18: 05-18 : 07 N DM BIUKE, K& EALY) 8 mm, FREEm (A4

2735, /NEFRESRCT 20 mm bty T EEhul /N B E G 30 mm,  gE I SR KR
v
2 XU IR REE 7 A

FKGE X 18 B 76 A7 A BB il ot 2 5 [ S AR NS, R U o 12 2 A S A3 2 s
B (B D, 16:47 (B la) SESHRSPARGL T ZRME BTN, ZEliali o 240858, R
Jiik 60 dBz, SEHLEIEL 5.1 km, ZAREE RS KT 60 dBz RFER10A4MAT: 17:37 (K
1b) KRR 2K E VRGIA T, WEAIRTS, IR0 60.5 dBz, &M% 3.9 km,
JEE IR I AR A X 17:43 (& 1edw BRIl i fe Nk e W4, Z4m &, [l
WO PR TR 62.5 dBz, ML E RN K E 7.3 km, 17:48 (& 1d)
L — 45 K R B B B, B N 65,0 dBz, (A 7.3 km), MEIT (B 2a) KE,
KT 60 dBz F5iR A1 CUK R 1I-206 Qi fE N HAFAE S5 MRl FE NI — A7 AE AT 555 [ 38
[X s 3P 0o 7 5 [ 7 38 B N VAL B0 58 [ 5% S A7 FE SR N 2~4 dB (1 Zor 9K, H MM
[HI K e 2 7~8 ' kmy X BG4 smdh 55 X P]4E (Kumjian and Ryzhkov, 2008); 0~-20 ‘Ci]
58 [ 334 (X XHRAR CC {24 0.8~0.96, M IAL CVH VKE KL FAFIE: Kop BHF AT LA S5 14
2~3°km™ ) Kopd, % 7~8 km, B 2 L H BB 7 T T He 03 B 158 T TR
17:59 (& 1e) ARRGEEEAIRTS, SRIEIHE AR TR XL, P60 58 =] TR A% 22 K e
BIX, SRtk 62.50Bz (] 20D, Hm B FREZE 4.3 km, YR Zog mfEX TR, SR
CC MMIMAX BA K Kop FEFIFE FFESR 0 CJ=, ULEHILE = NIKE R I IH K& T %, 18:05
(P 16 TRk [ A% 2 i sl b (RISl 00 80 (P B 1), = PP e b — I 2035, o
SR A 58 dBz (K] 2¢), ITHIH Zpg H9K % 4 dB, CC{HAITE 0.9~0.92, 1 BH UL HbTH
B ZKRL T A K N AR VR A, S T A 75F o B PR RR A RR S, 2 A [ i B A
FA, REIRIFH T (B 1P



e

(€)17:59 LoA¢
ks

‘ B -‘._“ e a6 -~ \?S
B 12020 4E 3 A 27 H 16:47-18:05 /K E BITRR I FRE A R FFR ERV(HAAL: dBz) EEE

Fig.1 The combined reflectance (unit: dBz) evolution of the|strong cenvectiveiclouds in Yongding

from 16:47 BT to 18:05 BT on 27 March 2020,
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Fig.2 Dual polarization radar characteristics of convective cloud at Yongding station at(a) 17:48 BT,
(b)17:59 BT, (c)18:05 BT on 27 March 2020
(R: horizontal reflectivity factor, V: radial velocity, Zpr: differential reflectivity factor, CC: correlation
coefficient, Kpp: differential phase shift rate, the same below; The white star mark is thedgcation of the

raindrop spectrometer in Yongding Station)
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Fig.3 Dual polarization radar echo'characteristics along the radial section of the center of the strong
convection cell at Zhangping station at (a)18:11 BT, (b)18:16 BT, (c)18:27 BT on 27 March 2020

(The black star marK isithe location of the raindrop spectrometer in Yongding Station)
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Fig.4 The dual polarization radar echo characteristics along the radial profile of the precipitation cloud
center in the warm area of Lanxi town at (a) 11:02 BT, (b) 11:13 BTon 31 May 2021

(The black star mark is the location of Lanxi Town)
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Fig.7 Variation of raindrop size spectrum at Yongding station from 17:55 BT to 18:13 BT on 27 March 2020
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