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Properties of Hail Events and Spectrum Distribution

during 2018-2023 in Honghe, Yunnan

ZHENG Jiao', GUO Xin?, FU Danhong?, LI Yingfa', and GUO Xueliang?
1 Honghe Meteorological Bureau, Mengzi 661199
2 Beijing Weather Modification Center, Beijing 100089
3 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract The Yunnan-Kweichow Plateau is one of regions with high frequent hail
events in China, however, the relevant studies on hail properties are few. On basis of
93 minus-level spectrum data collected from 60 hail events by 13 national
meteorological stations in Honghe, southern Yunnan during 2018-2023, the annual,
seasonal, daily and geographic distributions of the number of hail days, hail size and
hailfall duration, as well as hail type and spectrum distribution are investigated in
this study. Results show that the annual mean number of hail days was 10 d, with a
maximum number of 24 d and minimum number of 3 d. The annual mean maximum
hail size was 9-16 mm, and hailfall duration was 2—5 min. The number of hail days
had apparent seasonal and diurnal variations. The number of hail days was 33 d in
spring for six years, which accounted for more than 50 % in 60 d in total during this
period, and least in autumn. The number of hail days mainly occurred in the
afternoon and evening. The overall hail spectrum distribution was unimodal. There
were higher hail number concentrations in spring and summer seasons with the
maximum hail size of 19 mm in diameter, and was dominated by high-density hail.
There was very low amount of low-density hail and graupel. Hail events had
apparent geographic distribution properties. The western and southern subregions
had the highest number of hail days, which was dominated by high-density hail and
graupel and low-density hail were few. Therefore, hail events in the honghe region,
Yunnan primarily occurred in spring and in the afternoon and evening. Hail events

had short duration and were dominated by high-density small-sized hail. There was
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very low concentration in low-density hail and graupel.
Keywords Hail events, Temporospatial distribution, Spectrum distribution, Honghe
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UKL R AUH o 2 AR A 7 A A i I 773 il o K ok, R R R E R R K
Z—, FEKERAMAGEI A TERIIR A KAZEHRHE, DU TR
BT R T OREDE A, JFRUE 7 E B AR (Xu,1983; #3705, 2000,
2003; Guo et al., 2015) . XIHRFZ LT (1966) J2 i It R E UK E x>
AT, R 1951-1962 -4 E AR, X3 E R H #0m 2 4)
i YA HARM. WKE RN FREi R S0k & Sk A AR R AT T St
ST, A ERESEXIKERE, =0 RS R A SR
R ZEW, FIRTEKE BN VKB R/ INFIRRSE T [ G RHE 7 TS T IRA
ME R4S R . Xie et al. (2010) *F 19802005 SEHAA) IR FHralE. WWEE. TN A
FEDYA DX I T AL ) B K UK B RUBE S AR AR R AT T RIS, 45 2IPY AN X3 B
RUKERPELE 10 mm fi A7, Hoi B2/ A2 KT 156 mm VK8 L] e KX
BXCESE (2019) A 19612015 FE3FH 577 DHUTIAL MG vk G HE, 75 25
B AR LRI () 25 () S A R AE Sigdos B2 . RS X R &Y, ml. &£,
M5 WA, P B R B R [ 2 FTHE % . Tang et al. (2021) FH
1979-2016 5 6k /e it [HDWL I 2504, B A0 1 35 e R UK B R AU oA . A4
#, 13 RIKE S m K IR VIR O, I BAE SRR 5t T UK H 4
HI T BN Y. B EESE (2022) FIF 1961-2020 4EEHIE 84 N B
S PVKE RS TERE, 30T BT OKE BB 25 50 A1, 1938 P 8 H AU ik =
SIEAK,

UKL R ERE SUKE R BOR RV, BURTUKE &, K& &
AR PEANBOREE . AH G Z A0 T B, WFUREL R/ BOR BEAN R I8 A3
FE 45 2 B0 W R R o DKOES TR 9 TR R O P S G R AT AL
41, Macklin and Ludlam (196 1)l & 1 A [A] REE A1 BE I NS VKB 2 km =2

V&R « Lozowski and Strong (1978)K AN E AR AN ER B TE K&, 2
3
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SEAN [ A BR 1) ELAT 5 AR R AR B R Y& ik AE JR 8 2 (8] (¥ 9K &R . Dieling et al.
(2020) 7ESEIG MR T IKEEZ . HEMAREL WKETR, 55 BRI K
B VR ERISEIR o HFH 0 T A T KR R I 7 V2 AR UK RN TR
AT B B A ESUIEAT R E & . Auver (1972) 7EALIER K 2. 1
km 15 B RE TN BRIE A R« VKR I T Ve AT il =5, et 7B
NKER T IEAREERIE PR R . A AAZE (1999) X 1987-1990 45 B [i] Ji7 Hh
DX OB AR AR 1 62 1 B VS HUHE /X T A5 SRR, M X By Rl

B LA, BEAE B KR CRAIMGAL, ZHEARR R S0 ()72 b
H, B NS RE T K W I SRR AE AT 7T (Schuur et al., 2001; Ulbrich et al.,
2007; Jaffrain et al., 2011;Chen et al., 2013; Friedrich et al., 2013; Tokay et al., 2014;
Wen et al., 2016), {HEFXHUKE W T LD, O R0 70243 — K
VKB IR B B AR T35 1) 23 BT 7, DKBEAE S 2705 b 2 23 A0 KR IR B ST 8020
G E ALY (2018) R 2013 4E 5 H 22 H BEPUIE AL — R & i FekoRL 1
BOW I, X BARLE 5.5-11mm VKR S AP IJUKRE R E E 5K E BEANE
R RMAT TG, B HIKE IR & R B AR HOR ) 0. 3%, (HIKE X &
BEK I TTRRIE R 37%. TAR%E (2021) X il AR JL#— KUK i A2 B KR 714X
R SR TR AT T AT AL, IR TR B BORLT VR - EAMR R,
G5 (2022) b7 T PR X — IR BRI, KO PERE AT ® R =
A5 N ¥R 448 0 N KR o S, RIRUE B W LE Ky, SEIL = ARBR A O/
Wi (EAR<] o) BOREREHINL, HEA R TIKERR . XIE
55 (2023) Fe T 4E RN TS SO M E R, XF PN 58 02 U R Hb DOWLIN 21 (1) — IR 5 8
TR B RE VK AT T 00T

75 e 1 X ) 2 5 SRR KR R R X 2 —, AHAH SR BRI R L3> (B 4
2023) o FI SRS o VKBS B AR 90 1 R — UK I R, ok, 2=
UKL H BORE S3 AR . A 701 £ 2 H 1R FIFH 20182023 4 2 B 411 i [X
13 A [E S GOV A ) 60 MUK H IR 93 4 BE/KRL 7R Hidls , Tk E R
AR T HARGRIH R 0 AT, DL UK SR S o AR, AN T 45 R
T T R X UK ELARFAE,  FEmUK B TR TR B AK T A EESE M
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2.1 3k

FIT A FH 10 5005 SF 5 T-2018-2023 4F 2130 JH 134 Bl 5 R Gl B 7K R S R AX
CBEACKL FRE0 RIS . B4 T I3 BRI A Rl s A, s
[l OTT 2 "] 4 7= [y Parsive IEOG A RL T 154, A5 9DSC1AY, & — Pk T Kok
TR TR AR 5 9 S5 B 1) B /KO B B, AT BAKE3 emx 18 em IR
A TR P B2R ZRORE 7 DR /NS i 3l B2 AT 0 8, RS P/ ORE 1 X O (5 5 a4 52
ok, MEF AR TFER (D) FREARERE (V) o BRI A32
ANECHEEIE, X P KCORL T ELAR I B VU 090.062-24.5 mm, T Y AR TH L G
°H0.050-20.8 m s, AEERFENS [HIBE A1 min, W3R Bh AR T R AR HE
NN I DA€/

Altitude/m Y National Basic Meteorological Station
- <100 A National Basic Climate Station
I 100 - 500
[ so0 - 1000
[ 1000- 1500
[ 1500 2000
[ 2000 - 2500
I 2500
24°N =

23°N =

CRI 76, 42K

1 [ 1
102°E 103°E 104°E

Bl 1 =B £0T 13 AN 20 GO0 I sl e s 370 o SRUE B R 8 B (B ) o DKET BB
AR 2R (E) s 78 (W) #8, #E (S) FAIAE (N) DA X3

Fig.1 Geographical distribution of 13 national meteorological stations in Honghe, Yunnan.
Shaded color is the terrain height (unit: m). Geographical distribution of hail events is classified

as four subregions of east (E), west(W), south (S) and north (N).
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20182023 4F ] ] 2= 7 £L97] 134~ [ SR W 0 sk UK H #0960 do 1%
CHBTRT SO FITE ), AF 58 DA I 3t — H P R ZERI 31—k J UL B IR A,
B ANKE R . E eI RS HAC s, 2 VK & A 1 B A A,
FRARHE RS I RAGC S VKGN B, 398 BT 7 IR B 10 B /ROoRE T3 i o S0 Ul
0 R RS AR I 31— R UK B I R RN — b1 254, Bk f9 3, 60
d UKL H R T 9343 43 Bl 9 8 7KORL 7 1% H5HE o R GASOUL I Py g 7KL 1 i £ ais
[FERE /21 min, $EUEAT SRR BT BRI /N e o B T IR R I AR — AR AR BE 1%
MR, BAh, A F A T AR WS . BT KRR T S, W
T EAS— RN T 5 mme ORISR &, B S LA HEAT T 1 o
P, BB T ARG MR LLR R, i m] SR PR S AR T PN IE T R X T
/NF5 mm WERCT, BIBRSZ SR IR R I G R, PR
i 2 GK 1949812k (Gunn and Kinzer,1949) HI#E4> i #HL T (Chen et al., 2013).

UK H I ZE T4 3-5H)  Z (6-8H) « A (9-11H) . & (12-Ik4F-2 ) Kl 47
N T WS DX SOk B B AT RRAE T bR SRS A, K T X Sk 45 YA
XA (ED , AR (B) #, BFJFE. ANMA. ZH A ¥ &, B
g, &P BRI W OuE . O E, OFEARE. @K, L0, JoFHN R
b (N B, AREIRE . P A

M B KR 1 S0 25040 P o B A A R N B 23 B o) B AR T TR R R . UK
BG4 ND) AL m” mm) :

()= 2 ——0H (1)

Horp,  ARERRARTESS U X IR [ B 94 58 5 A 58 G0 DX I) ) 4 AR
TH, R ARG oY), RFEREERE R s) , A J R
P IRE PR R msD , NS MREXEI TP ER CRAL
mm) , A HE FXA R (A m)

FH T B KR 2 Hidis I 7 W DKE AR T, A IX 40 5 St
IR UKBELRIERORL T, 2 PR TUR BEY V-D 237 & b AT 465 T R . oK

BANTRL T/ V-D KRR HIZL, XLLdhZoxt Mg A & 1. Wik
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% £ N GK1949 (Gunn and Kinzer, 1949) f1 A1973 (Atlas etal., 1973) . &k F
HI4806 95 28 LH1974 (Locatelli and Hobbs, 1974) . #&Hi 1) V-D L4665 R 2
fRTE 2<D<<5 YU [l A, A [E 25 B2 (1 HOIR (lump) « #E 4R (Conical) F1 75 £ BIR
(Hexagonal ) RL 1o &1 AW FEUKERL T 1 X 73 = 22 4k H% KH1983 (Knight and
Heymsfield, 1983)25 Hi ] 2 2R V-D &Ik R, KR EH EIKE£IGKEEEHEN
082 gem?, V-D AWK FEN =1058(0.1 )27, [fKes & kg /2 4 25 i Vi [
4 0.31-0.61 g em® IKERL T, XTRI V-D BRI KRN =8445(0.1 )03,
X EHONRE KL m s KB EIKE R V-D X R SR TR E R,
FESEES = HENEA R BT EAAVEEDY 5-8 mm KR AMCE B/ NKERA
FEBLR V-D 56 &, K4 Friedrich et al.(2013) (F2013) kb3 732, K md i A 2%
JEVKEEIR) V-D 5K &R -F31, IIM15 2 B A TG 5-8 mm (K% VK& 1) 55— V-D
KF  =1243(01 ), XEFNEEEKED, HT A5 5-8 mm JLEEH
M ARE KGNS %,

<4 S B 8 P 3 ZKORE 3 94 E TR 86 2 1) V-D 236 b 2R A o At o, T
S8 VEHE ME/KORL 2R 8 . A0 s I8 P KBS 2 28 AR A Bl 58 v 5 P8 I 5
EWKELE &M mtEol. [EWHKRZ, KFEKEHUER 5-8 mm R
JEE 05 ] PR AR 2% PR KBS R RIS VR 0 TR, L SR 20 A (U 5 FE UK B 140 56 o 28 B3 1)
B ARORE 7R BEABLARARG A 9 0 TR RIS 35 B VK B P 343 2 IR 25 B VK B L 42 56
MR NITEL RS HNE, s R UK B B0 5l 32 AR = 2% P UK
AR LUK & 50 2%

R 1N IKEFEREE (V) 5EHZ (D) HEK KR
RARTEE (D,mm)  V-D X & ik R YE

W D<8 =9.65-10.3 706 GK1949, A1973

Lump [: p= 0. 1-0. 2g-cm™:

=13 066
Lump II: p= 0. 2-0. 45g-cm™:
® 2<D<5 — 15 037 LH1974
Conical: =12 065
Hexagonal: =11 057
D>5 p=0.31-0.61g-cm>:
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3.1 YKEHE. KANFIFRFLER ] 4376 RPAE

2018-2023 EIE], ZLATIH 13 A FE S GOt S H i 2 vk g H #0y 60
d, SFHUKEHECN 10 d, FIERKIKEEAR 11 mn, HKIKEELA 19 mn,
S UKERESENT (] 3 min, FACHFFLRRFIAIN 12 mine V. OIS LN 0 VK & R
2T [ 2 i 03l e B PR AR BRI [B], AN 2 SEBRUK L R AR R L[]

2 49 2018-2023 JAMVKEL A, P38 K EARAN T3 HRF SR I (8] R 4F R 43
AL . ATLLE R, okE FB 2018 4E40E 4 d &4, #2020 £ 24 d,
B 5 UK HEOTIRIZ 4 R R, 2023 54 3 do A4 2020 FEiZHb XK E KA H
B e 2 AR RS (2021) XF 2020 4F Hb [ A fig 32 B AE A RS S
I AR B, 2020 43 B B AARIE , S0 iR S R, i PR, A 4 H 21-26
H, ExmE il 2o, 8525 6 7 () 23 A8 () P AESRIKE RS . Fimih
X UKL RS T i 75 7 e S A3 28 AT 10 v SR s 30 i Il 4 o PR B
A 2 2 v S S SRR B I 2 A IR A 3 DA G O BRESS, 2024, b) o 78
RPPERIRR S R S H Rt R PE, DA J AR 2R B IR E BR 3 B0 B BE VE K
R P R L X 4 s GRS, 2020) , M 2020 P RIKE R TRE
WINFIEE VIR R P RKIKE BAATER Y 9-16 mm, M 2018 fEFF45, W5
BN AR BRI AN B o M WL A BT - 3 R RN B] 2 25 min, 4FEBR
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Fig.2 Annual distribution of hail days (unit: d), averaged maximum hail diameter (unit: mm) and

hail duration (unit: min) during 2018-2023 in Honghe, Yunnan

Kl 3 25 1 2018-2023 S HIE] B VK H . ~F 2518 K EAR AR S 6] 69 H
5 Rt oA . 2018-2023 E ALK AUKE HECH 60 d, ATLLE R, UKE
HEESMERET 34 H, 4 AIKERERS, &2117 d (K 3a) . 6 A
HEIKEHHRZ, BN 33 d, 4560 d BUKEHEM 50 %Ll E, FEHHETF
IKEHHCN 5.5 d (BI3b) « HIKONEZF 68 H, BIHKEHE N 14 d, F1
2.3 do XFEWMAIRERARE, BIHKEHE N 10 d, F3HR8 1.7 d. FER
VKB HHOR D2, S 3 d, 435 0.5 d, FRAIE 10-11 HUKE R UR
Ao FEEBKIKE AN 10-11 mm, FIJUKERFEEN 8] 3-5 min, P& HZEY
ZEFRIEAN BT XM R VKR DR, 5% X R R R R
VEFRFIEAEAE R V)RR, AT 25208 J5 I BRIK P8 X FR VAL F SR I sl A T 46
FHIER, SR RAHR RS, W i P 32 2 MR Rt S it 1 /KR gk
1711 5 2% 3 52 o Ji v 2 RSO S AR B XU AT 1 7 7 2 XU A IR
S CGHBIEEE, 2024a,b) .
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ol | 12
35
I Hail days /d
(b) I Averaged maximum hail diameter /mm
30F I Duration /min
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Kl 3 2018-2023 1) 2= B £L3 UK H £ (CBRAz: ), ~PEEOR EAR (BAAL: mm) AR SR (7]
(BAz: min) {9 (a) A (b) 157040 . & 3b th IR (R UKE B, SR (30N IKE 1 i
KRR, LRI UKE P3RS [A]

Fig.3 (a) Monthly and (b) seasonal distributions of the number of hail days (unit: d), averaged
maximum hail diameter (unit: mm) and hail duration (unit: min) during 2018-2023 in Honghe,
Yunnan. In Fig.3b, blue color is hail days, green is averaged maximum hail diameter, and red is

mean duration of hail
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NI RUKE B H AR AE, B 4 25 HY T 2018-2023 3] UK & & AR IR
¥ R UK B AR SR I 18] (1) H AR 404 o 1% B KRR A IR B FR I
/N R PRI UK B IR B, AT 7 B R S G ORI B 15 31 . 7T LA 3,
B I By 32 AR AR R 5 (13:00-17:00) FIE7 1 (18:00-22:00) , ~F¥)5 KiKE H
11 mm, “PIJRFEEETIE] 3 min. FHUUEE R (00:00-06:00) , P33 KUKE HAE
79 10 mm, ~FIJUKEHRFEENTE] 3 min.

16
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=—@—= Averaged maximum hail diameter /mm
14 = @ Duration /min

Hour
K4 20182023 52 m LIS G vk W 0K R A A P K EAR (AL mm) FFREE
BFfE] CBfiz: min) [ HARML

Fig.4 Daily variations of hail occurrence number, averaged maximum diameter (unit: mm) and

duration (unit: min) observed at meteorological stations during 2018-2023 in Honghe, Yunnan

3.2 VKERE Kl o AR

K5 A 2018-2023 4F 60 d ¥KE H I 93 MrFE/KRLT (M. VKED Wk
BESEI 0 V-D 434 . BHIETT I, D<<5 mm FRIFE7KORL T 55 79 8 (0 2036 06 2 il 28 %
B, BRI 351 oy A AE M 2 50 o A i 4RI, 1o B B s, 1A
% R RS P KR T R 8 B T LR . BAR7E 2<D<5 mm HIBOR(lump) TEL
T, [AMEIE (conical) FRA/SAMUIR (hexagonal) i 1942 5 il 28 B i (1% 155
WEESNT 1 m? mm?, RETRFARD . W THRAE D=5 mm BB, K T4
A, HEASAEME T WMAK L. R Friedrich et al (2013)INA, K%
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BLIZE AN e 3 LB AL KL 7 EAT 5-8 mm 5 FTRELUK IR v 3, (B EEL
AP ITRL IR EREANT 1 md mme?, T 7 25 5 8 4 P 00 A1 FRORE 7K 5T B A
Ky WX XIE A KN E, HRARAE 10 mm 247, ke )L, 60 d
KR H SRS, FEM RERTEG SRR, 93 40T Bf AR 115 73 A

BoR, UKELLEAR 9-10 mm & 3% EIKE N T, RS BEVKE M ERL TR D

N(D)/m?* mm
15 7
800
12 1
S e - 400
T I e
£ . = 200
z Sl
: = 1 100
° = == -~ Low-density hailstones T
L N7 B — Low-density hailstones II — 50
= A
I - -—- - Higher-density hailstones 20
— - —Lump graupel I
Lump graupel T — 10
Conical graupel
Hexagonal graupel 1
T T ! ! ! 1 !

2 4 6 8 10 12 14
Diameter / mm

Kl 520182023 fEPKEL H 93 f3-F IR CRL T Bk B R AR, BA: m® mm™) ) V-D
AT AR N FEAKL FARIESE (V, BA7: ms?), BAAFRAR T EE (DA mm) .
B 2 s R AN B AR T I A B th 42, WA AR K 1. BESLL NN,
R VIRE VKR, RO ROV RE BEVKEI, Rl &R os s & LR, W ]
L YR (lump) B, SRR POIREI, SR A NHEIR (conical) #, 2R REZ NN
AR (hexagonal ) #x

Fig.5 V-D diagram of mean number concentration (color shaded, unit: m>mm™) of 93
precipitating particle spectra for hail days during 2018-2023. The vertical axis is the fall velocity
(V, unit: m s!) and horizontal axis is the diameter (D, unit: mm) for precipitating particles. The
various lines denote different empirical curves of precipitating particles and corresponding
empirical equations are given in Table 1. Black solid line is rain drops, Black short-dashed line is
low-density hail I, black dotted line is low-density hail II, black dash-dotted line is high-density

hail. Blue dash-dotted line is lump graupel I, green dashed line is lump graupel 11, yellow dashed
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Bl 6 ralen i TR B K AFIKE H P RK RS 80R 1) V-D 4
Ao M 6a Al FZE, D5 mm [WFEACK FEOREEGE, S5 WIS V-D &
B R BN —8, WHERRE SRR NI, AR GHER
AGEAE, T ELRE R & Ay . 7E 2<D<<5mm YU, MARTERFILR AR T
o060 M 2R BT I BOR E /N T L mP mmt, YEEAEARL /. D>5 mm B, S AiTE
K EURE T S5t &R IR AR D, YIRS FEOKE R R AR D, ), IS
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