9550 % 45 6 A, % Vol. 50 No. 6
20244 6 H METEOROLOGICAL MONTHLY June 2024

SR EJSE XU R, T DY L AL 2024, T MR IR 2R — R VKB A BRI S FLRRAE LT ). K%, 50(6) : 701-710. Qiang D H, Liu J Q,
Ding ] F,et al, 2024, Microphysical characteristics of a summer hailstorm in Tibetan Plateaul J]. Meteor Mon,50(6) :701-710(in
Chinese).

FREREZ—RKkEITENRMIERFIE

BAEZ R OTHEF OB W X 1t EAR
1 R EEREAAEMNEA G % & FREF S FLFE 850000
2HHEHABRALIBHRS T4 850000

3 MAALHH KA PG, AN 450003
4 A AL LAl 852000

T Z o v 7 R TR KR S R AR K REAIE F DAL R R R OO O 4 S IR S VA CFY-AA TR R A B K E R 43
Br T 2020 4F 7 J1 23 ARLEE KRR i B A O B AL . 45 SR W] < A IR KB AR AR T IR W T Ar SRR K B 5 DSGS K R K
G AT AR T IR TN 45 SIS 8] LR K e B S B PR K I A 25 57 . LU R w3 L KRS 1 1 28935 o A 1005 o 2R 2 PO T
TS T 0 B4 M-P A3 . MBI e kOB T Lh/INVBL T 0% 22 . 258 phy T3 1 98 P I 28 R B 380 R B U 00 [k
R 3 i AR TR Bl B AR R R A A R R 114 /0N R 5 | AR e R R 1 0 1 22 R i AR TE S BN AR . K Ak
e RE AN o AL R AR A0 B 1Y 1. 6 V6 o LG ML T A K i 1 BTk R K . ARSE LI, LSS Bk E T AR S H RN X R ARK.
SCHRRRL ;R S K A R L O B AR A 3 A0 A

hESES . Pi16.P426 MHEAFRRRED: A DOI: 10.7519/j. issn. 1000-0526. 2024. 020201

Microphysical Characteristics of a Summer Hailstorm in Tibetan Plateau

QIANG Dehou' LIU Junging® DING Jianfang® CHENG Bo* WU Jiang* TANG Liqgin®
1 Atmospheric Exploration Technology and Equipment Support Center of Tibet, Lhasa 850000
2 Weather Modification Center of Tibet, Lhasa 850000
3 Weather Modification Center of Henan Province, Zhengzhou 450003
4 Nagqu Meteorological Office of Tibet, Nagqu 852000

Abstract: In order to improve the understanding of precipitation characteristics of hailstorm in the Tibetan
Plateau, based on the raindrop size distribution data observed by DSG5 disdrometer, radar reflectivity,
FY-4A satellite and minutely precipitation data, etc. , the precipitation microphysical characteristics of the
hailstorm that occurred in Lhasa on 23 July 2020 is analyzed. The results show that there were some
slightly differences at the time of beginning and end of the hailstorm. precipitation peak and total precipita-
tion between rain gauge and DSG5 disdrometer although the minutely precipitation amounts of the two
were similar. The fitted curves of the average spectrum distribution of raindrops and hailstones were mo-
notonously decreasing. The raindrop size spectrum conformed to I' distribution and the hail size spectrum
accorded with M-P distribution. In the early stage of hail process, the precipitation particles were mostly

small, which was mainly caused by the evaporation of the raindrops. In the later stage, the spectral width
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of precipitation particles became wider, the collision and fragmentation of the particles and the melting of

graupel particles produced a large number of small raindrops, leading to a sharp increase in the number of

particle concentration. The significant increase of number concentration and the widening of the droplet

spectrum in this stage were the reason for the increased rainfall. The number concentration of hailstones

only accounted for 1. 6% of the total number concentration of precipitation particles, while the hailstones

were the major contributors of the surface total precipitation. The empirical formula for the average termi-

nal falling velocity and the diameter of the hails was fitted based on the observation.

Key words: Tibetan Plateau, hailstorm, microphysical characteristic, spectrum distribution
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Fig. 7 Scatter plot of the D-V relationship

of precipitation particales of the hailstorm
in Lhasa on 23 July 2020

—u— PR AR
20 LA TR E A
18+ '
T(/]
. |
é 161
§ ’/ L
- /
14 y
/,l
124 -
T T T T T T
4 6 8 10 12 14 16
D/mm

Bl 8 2020 4F 7 H 23 HRipE R T TR A VKRR TR 1Y
TR I R AR T 28 6 2 3 A Y H

Fig. 8 Comparison between average terminal velocity of

hail particles and that from the fitted empirical formula
of the hailstorm in Lhasa on 23 July 2020



708 A, % 5550 %
30 (a) J-m?-s! 30 (b) mm® - m~?
251 0.900 254 100000

0.300 10000
20 20
0.100 1000
g g
§ 154 0.050 § 154 100
I SRR N .
-1 E 0.006 - L m— 1
|| ||
3 0.001 37 - 0.1
— =
0 e == —m— 0o === ' e
18:21 18:26 18:31 18:36 18:41 18:46 18:21 18:26 18:31 18:36 18.41 18:46
{5FiR] /BT fi$ ] /BT
30 (c) mm - h™!
251 5.000
1.000
204
0.500
=)
£ 154 0.100
Q
0.050
101
0.010
3] 0.005
0 T T T T T
18:21 18:26 18:31 18:36 18:41 18:46
ikl /BT
B9 202047 A 23 H 18:21—18:46(a) i 744 S fE i 31
(b) 75 35 S 5F 3R PR 733 A (o) RN 3 33 Bl B 1) 1) 8 b
Fig. 9 Evolution of (a) raindrop mean kinetic energy flux spectrum, (b) radar reflectivity factor spectrum and

(c) precipitation intensity spectrum from 18:21 BT to 18:46 BT 23 July 2020

SEFEF CFY e MR AR i K. HARR T
R AR R 1) B ZKORE 1 % - 1 8 B Tk R K, P
YIEh e RH X EZAER T HAZ 5. 5~22. 5 mm ji3 [
MR 9a), 73k SO R H F K XAk T B2
7.0~22.5 mm 5 Bl 4, X 02 O H IR RS R T
SRR ¥ BHARM 6 7 UE A R (B 9b) . &
LT AR 3 W7 R . T 14 BTk A BE AR DA ok
¥R s R 3 B RAE X AE AT AR 6. 0~22. 5 mm
JEEHNE 90,

3 HiwMifie

BT 2020 4F 7 J1 23 HOBLBE R G RO . A5 S
RS IR VFY-4A RSB K A5 BERE, 0 T 1 7
oy J R 2 — R L o A GO BRI . ST A SR AN
T

(DF TS DSGS 1) 4 Bl B K 128 10 # #4—
o TH 20N FIAE B K T UG 025 A [] | B K e
H AR SRR R AR TR . DSGS 5 A T A4 5%k
KB HRAATE—E 225, AT RES DSG5 By #£ I 1hi FL
BNFBEEL S AN 514 5%

(2) X738 A5 it 28 5 DSG5 WL f F 7K hr 1
TERIA L — B, FHR ISl A ik R T
T Rl N TR 187 e i\ O 0 (T 1
01399 o 8 KL - R0 BB AR AR I BN, E B R R
TR R ITE . R NVRL T 2 B0k
R 5 B AR~ il J8E B 4 3o A R HRORE T Rl Tk A O L 4K
VR JEE 18 22 I AR T B IR I K. kG R R K
B L 2 mm DL W A 3 VKR A B0 A B
BT B0 B 1.6 %0 H R ZK = DTk R f K

OWEHRBAKE FEREE S HERNERA
# V=5.135 X D"



% 639 Ci

e

JELAE T R it — UK e i R A R B R AR 709

LA 75 8 e Ji 140 901 o KORE 7 3 0 0 352 5 A 13
B TR EICHE T R b UL I ) AR AT S AR R
b o DRI 7 R i A KR T ) B AR AL DA R T
I YR VKR R A ) PR AR AT 5 JEE 7 T R A DK
LR 1 RS AIE 38 A B 7 R M X R R R Y
Tty B DA R ok S AR B A Bl BE Y 9 IR T
X e JEE DR T R A B AR A AR D R R X
BLRCR VAL TARBEE T — & M HEAl . B 794 <
BUIFE KR TR MR il R E L
VKRS 2 R L 3 AR T % e A R R X
o5 JELUICRL TP BRRE AR BIF 5 B4 I K SF- o 4 Bl s Dt
DX KB B 58 RN LB Bl 55 Kk e
BB < R B G N A R R R
WIS H G T e D).

S % ik

PRI, A 2R L 45, 2013, R 35 R TR R e — WRBR XE
TR R = SR AE S BT LT @ AR 32(4) - 1148-
1156. Chen Y Y, Tang R M, Li D J, et al, 2013. Analysis on
cloud structure of a severe convective storm using radar and sat-
ellite data[ J]. Plateau Meteor,32(4) ;:1148-1156(in Chinese).

PRG3R X BE L 45,2021 A8 1 4 75— R 2 MR = B K 0% T T 3% 43
i B SE MR AEL) ], SR, 45(6) : 1232-1248. Cheng P,
Chang Y, Liu Q,et al,2021. A case study of raindrop size distri-
bution and orographic impact characteristics in spring stratiform
precipitation over the Qilian Mountains[ J]. Chin J Atmos Sci, 45
(6):1232-1248(in Chinese).

SR . 1984, VUK E M W) ], K4 %4, 42(1) : 110-113. Guo E
M, 1984. The observation of hail in Xizang Province[ J]. Acta
Meteor Sin,42(1):110-113(in Chinese).

AT 05 ARSC L BRI A7+ 45, 2022, [ 75 i Hb DX — UK 77 2 g 4 3 2 19 XL
i & 2 4 B W AKORE T RRAELT . TR . 48(7) :856-867. He Q Fs
Lin W,Zhang S S, et al,2022. Dual polarization parameters and
precipitation particle spectrum characteristics of a spring hail
event in southwestern Fujian[J]. Meteor Mon, 48(7) ;:856-867
(in Chinese).

R R TAR L1982 B R  AE B M E A T L. M
KR FBeF ,5(2):233-237,. Huang Y S, Li Z H,1982. Spec-
trum analysis on falling hail of weak hailstorm cell in Heqing,
Yunnan[ ] ]. Trans Atmos Sci,5(2):233-237(in Chinese).

AU LA I, 20, 45,2017, — IR UK R AT B 1 2 R TOREULI 43
MrlJ]. % .43(9):1084-1094. Li C, Jiang Y S.Jiang D, et al.
2017. Observation and analysis of a hailstorm event based on
multi-source datal J]. Meteor Mon, 43 (9):1084-1094 (in Chi-
nese).

MRS BRIR AT B B R AL 20200 AN )5 BE SR AT I = RS U BOW A IR
TEIEMM A HrLT]. KRB .46(1):63-72. Lin W, Zhang S S, Luo C

R,et al, 2020. Observational analysis of different intensity severe

convective clouds by S-band dual-polarization radar[J]. Meteor
Mon,46(1) :63-72(in Chinese).

KRR - E VKT A &R 552019, 75 808 J5— U VKB 50 0 I K AU AR
PR32 I % B 3 Tl AR AR 43 BT LT . Mk 5 R B F 58, 24(5) 1 611-
625. Liu X,Wang Y Q.Hu Z Q,et al,2019. Diagnostic analysis
and radar echo features of a hailstorm severe convective weather
process over the Tibetan Plateau[ ]J]. Clim Environ Res,24(5)
611-625(in Chinese).

XU A A% T 55, 2023, T 2R WU 95 A0 B R L X R
BT (]]. B R4, 42(3): 748-757. Liu Y, Su D B,
Yang N, et al, 2023. Case study of hail size distribution in
Bayannur Area based on two-dimensional video disdrometer[]].
Plateau Meteor,42(3):748-757(in Chinese).

Mg 3t o ST B A A5 . 2018, T 0 T X Ui 2 B i 4R 3 L T A
501 KB %4 .76 (6) :1014-1028. Mei Y, Hu Z Q. Huang X
Y.et al,2018. A study of convective clouds in the Tibetan Plat-
eau based on dual polarimetric radar observations[ J]. Acta Me-
teor Sin.76(6):1014-1028(in Chinese).

AR SRRV 1999, UKBIE 0 A & Zo-E R AR [T .
52N, 57(2) :217-225. Niu S ], Ma L. Zhai T,1999. Prelimi-
nary analysis of the hailstone spectra distribution and the rela-
tions between Z. and E[J]. Acta Meteor Sin,57(2):217-225(in
Chinese).

SRR XR I JEF R L L 4. 2022, R B 2 — Yo B R R i B
T REAFAE S 21 LR ML) R, 50 (4) £ 554-562. Qlang
D H,Liu J Q,Nima C D,et al,2022. Analysis on characteristics
of raindrop spectrum distribution and Z-I relationship of a typi-
cal summer precipitation process in Lhasa[ J]. Meteor Sci Tech-
nol,50(4) :554-562(in Chinese).

TERTL U B AN, 45,2020, FY-4A [ K0 0 XU B8 1A A ™= ot 2
Ui T B KA T i R L. W AR 4R, 40 (1) 33~
46. Ren S L,Zhao W,Cao D J,et al,2020. Application of FY-4A
daytime convective storm and lightning products in analyzing se-
vere thunderstorm weather in North China[ J]. ] Mar Meteor, 40
(1) :33-46(in Chinese).

U . B RS, BN L 45, 2022, 48 £ UK B 2 = 4 DN o R U fR B R 3k TR
WA AE AT LT ], K% .48(4) :442-451. Ruan Y, Huang H L, Wei
M, et al,2022. Analysis of three dimensional lightning and dual-
polarization radar echo characteristics of hail cloud over Fujian
[J]. Meteor Mon,48(4) :442-451(in Chinese).

it SC A AT AR RS G 1984 T 5 IR IR 7S UK BT A 1Y) B T I s AR A
fELY]. R 4 2 Be 2 4, 7(2) . 226-233. Shi W Q. Li Z H,
Zheng G G, 1984, Characteristics of hailstone spectrum evolu-
tion from six hailstorms in Zhaosu. Xinjiang[ J]. Trans Atmos
Sci, 7(2) :226-233(in Chinese).

P P TR L 2021, JE T SRR BRI 4. 1274k 1 ok g
AESIHTLT]. #5422 42, 37 (2) £ 218-232. Sun W, Cao S Y,
Shen J, 2021. Characteristic analysis of “4. 12” a typical hail
based on multi-source data[J]. ] Trop Meteor, 37(2);:218-232
(in Chinese).

V2 AT/ BERKTY L 45, 2022 P PG B AR — UK AE DL A Bk oK L et



710 A

% 550 %

BAHL]. K% .48(5):618-632. Tang X Z, Yu X D, Xiong Q
F,et al,2022. Analysis of a rare severe hailstorm event in south-
west Hubei at the end of winter[ J]. Meteor Mon,48(5) ;618-
632(in Chinese).

P i » 5 N BT, SN L 82020, AN AL I X — Yk 3E S A K B R ARl
P B RAE A 3T L) ], T 5 KB 43(2) : 299-307. Tao T,
Zhang L X,Sang J R,et al,2020. A case analysis of microphysi-
cal characteristics of a typical hail formation over Liupan Moun-
tain, Chinal[ J]. Arid Land Geogr,43(2):299-307(in Chinese).

FAREIE, E k45,2021, K8 B K R UKE 2 [ K A 6] 1 3%
FRAEA BT L)), & R4 ,40(5):1071-1086. Wang J, Wang W
Q,Wang H,et al,2021. Characteristics of the raindrop size dis-
tribution during a short-time heavy rainfall and a squall line ac-
companied by hail[J]. Plateau Meteor,40(5) :1071-1086 (in Chi-
nese).

FWER L FBEE 2022, 5 JH 115 A [7] 45 2 oK B R S0 3 1 98 R AE X
FrMr[]. 0% .48(7) :868-877. Wang X J, Zheng Y Y,2022.
Comparative analysis of radar echo characteristics of different
grades of hail weather in Pu’er[J]. Meteor Mon,48(7) :868-877
(in Chinese).

EFHR U, w2012, B i X K E SRR AE S Bk
WartrlI]. 4. 38(3):344-348. Wang X L.Guo L X, Gao G
Q. et al,2012. Climatological characteristics and radar echo anal-
ysis of hail in Tangshan,Hebei[ J]. Meteor Mon,38(3) :344-348
(in Chinese).

PRAZUE 1979, DRES RO BE5 E LA LML bt ol AL - 110-
113. Xu J L,1979. The Microphysics of Hail and the Mechanism
of Hail Formation[ M ]. Beijing: China Agriculture Press: 110-
113(in Chinese).

Frin = MEOE SRS R 2021 I KIS E R RS
22 (1050 X I 3 PR PR 8 37 F A Ak AR AE LT ). AR L 47(4) 1424
438. Yin L Y, Mei H, Zhang T F, et al, 2021. Environmental
conditions and radar characteristics of a severe convective hail-

storm with multiple supercells in central Yunnan Province[ ] ].

Meteor Mon,47(4) :424-438(in Chinese).

IR E R, 2018, PRVETE Jb — R B8 o A iR 3% A5 AE 43 A7 LT .
ERA4,37(6):1716-1724. Yue Z G, Liang G, 2018. Charac-
teristics of precipitation particles in a hailstorm process in Wei-
bei Area of Shaanxi Province[ J]. Plateau Meteor,37(6):1716-
1724 (in Chinese).

5K PR INE2 T, 2007, 75 3 AR 38— U 3R VK B 09 1o 45+ T A R AL i
55017, BB %, 26 (4) : 783-790. Zhang G Q. Sun A P, 2007.
Study on the growth mechanism and microstructure of a heavy
hail in the eastern part of Qinghai Province[ ] ]. Plateau Meteor,
26(4):783-790(in Chinese).

SRR XU AT 0B 45,2019, 3 F 22 U5 480 0% k06 U 1 — vk vk
BRAM B BRI RS, 39(2) 1 43-48. Zheng S S,
Liu D S,Fan SR, et al,2019. Analysis of a hailstorm event in Si-
chuan based on multi-source data[ J]. Plateau Mt Meteor Res, 39
(2):43-48(in Chinese).

HRIRG  JE R L B AL 2015, O IE IR A M 0 T 4T T L R A
(J0. B A4 4. 26 (6): 641-657. Zheng Y G, Zhou K H.
Sheng J,et al,2015. Advances in techniques of monitoring, fore-
casting and warning of severe convective weather[ J]. ] Appl
Meteor Sci,26(6) :641-657(in Chinese).

Chen BJ,Hu Z Q, Liu L P,et al,2017. Raindrop size distribution
measurements at 4, 500 m on the Tibetan Plateau during
TIPEX-T[J7. ] Geophys Res Atmos.122(20):11092-11106.

Friedrich K,Kalina E A, Masters F J.et al,2013. Drop-size distribu-
tions in thunderstorms measured by optical disdrometers during
VORTEX2[]J]. Mon Wea Rev,141(4):1182-1203.

Loffler-Mang M., Joss J,2000. An optical disdrometer for measuring
size and velocity of hydrometeors[ J]. ] Atmos Oceanic Technol,
17(2) :130-139.

Waldvogel A,Schmid W, Federer B,1978. The kinetic energy of hail-
falls. part [ :hailstone spectra[ J]. ] Appl Meteor,17(4):515-
520.

(AR T4« fir D)



