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Study of the Method for Hail Forecasting and Warning in Southern Yunnan
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Abstract. Based on the air-sounding data, the CIND3830-CC CINRAD data and surface observation data,
the hail event processes seen in Puer and Xishuangbanna during 2004 — 2011 are analyzed. The results
show that: (1) hail can be forecasted 60 min in advance when initial and developing features of hail-cloud
appear in the radar echo images. (2) Hail can be forecasted 12 to 102 min earlier before the event occurs,
if echo composite reflectivity =55 dBz, width > 12. 0 km, gradient == 15 dBz * km™', H; g45,=> 7.5 km,
Hyaw—Hy>=3.1kmand Hy; 5, — H-», = —0.5 km during February—May, H,; 4, — Hy= 2. 0 km and
Hpyg,—H 30> —1.2km, VIL > 30kg*m ?, Dy > 3.0 g+ m ° during June— August. (3) If the echo
shows the features of weak shear, echo top in 45 dBz=7.5 km, Hs g5, — Hy=3.1 km and H; 4o, — H—2 =
—0.5 km during February — May, H;s g5, — H,=2. 0 km and H,;s g5, — H_,, = — 1. 2 km during June —
August, hail can be forecasted with 18 —54 min in advance. (4) In addition to squall line and downburst,
hail can be forecasted 12— 54 min earlier if VIL>=30 kg *» m™ %, Dy, >>3.0 g » m *. Besides, this paper
summarizes the characteristics of hail-cloud lifetime, and tests forecast indice by using the hail process in
2012.
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Table 1 The time, H,, H_,, (—20°C layer) and frequency of hail weather and the time and frequency of hail-cloud
Ay KB KRR /R H,/km H- 3 /km UKL 2 B I 20 B % B T B

2 1 3.9 7.1 09.23 B4 11k

3 ) 3.8~4.3 7.2~7.5 14.19.22 B 4% 2 Ik

4 12 3.9~4.7 7.2~8.1 15 i} 6 ¥

5 1 5.0 8.3 16 B 3 ¥k

6 3 5.2~5.5 8.4~8.9 17 B 9 Ik

7 1 5.2 8.6 18 I 9 %

8 1 5.0 8.3 20 B 5 ¥ .21 B 3 K
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Vertical profiles of base reflectivity in convective cells on 7 April 2007
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2008 4E 2 A 28 [ 18:59 ¥t #tHhJk RHI(a) \R(b),2005 4£ 3 F 21 H 14.47 BEFE M AN RHI(e) .CR(D .
R(e),2009 4F 3 H 31 H 1451 BT Ip R % CR(D \V(2),2007 4F 4 H 10 H 15:23 §tifksh e RHI(h) |
RMAF V(j),2008 44 H 18 H 18:19 FitHi &b RHI(k) \R(1),20104E 5 A 9 H 15.:35 | it/pMf RHI(m) ,

2007 4F 6 J1 24 H 2226 BIT5E % 8 al RHI(n),2011 4E 6 J1 27 H 20:00 BT CR(0) . V(p),
2006 4E 7 H 27 H 18:29 HHItHI K 18:29RHI(q),2011 4 8 A 31 H 21:52 A&y W RHI(r)

Fig. 2 Echo basic reflectivity vertical profile (RHI), CR, 0.5° elevation basic reflectivity (R) and radial velocity (V)
RHI (a) and R (b) in Menglong at 18:59 BT 28 February 2008; RHI (¢), CR (d) and R (e) in Longtan and
Liushun at 14:59 BT 21 March 2005; CR (f) and V (g) in Shuanglong and Xinan at 14:51 BT 31 March 2009;

RHI (h)., R () and V () in Menglong at 15:23 BT 10 April 2007; RHI (k) and R (1) in Menglong at
18:19 BT 18 April 2008; RHI (m) in Xiaojie at 15:35 BT 9 May 2010; RHI (n) in Tongguan, Longtan and Yutang
at 22:26 BT 24 June 2007; CR (o) and V (p) in Longba at 20:00 BT 27 June 2011; RHI (q) in Mengda
at 18:29 BT 27 July 2006; RHI (r) in Tuantian at 21:52 BT 31 August 2011
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x2 KBZWERERH. A BE.0F—20CE LR 45 dBz EE B EE .CR K Dy,
Table 2 Time and place of hail clouds and thickness of 45 dBz echo in layers above 0°C and —20°C
H /. 1. H A I e (I A

2004. 4.13 A 76 T (20:23) 4.4 1.2 57 4.0
2004 4. 14 ;ﬁjﬁéij(;:ﬁég”m 4.5,5.5,5.5 1.4,2.4,2.4 57,57,57 5.3,5.6.,4.7
2004. 4. 15 FHMWX (17:11) 3.5 0.5 63 4.0
2004.4.18 EEIRIX (18:04) 4.5 1.2 55 3.1
2005. 3. 20 B g (19.21) 8.3 5.1 62 5.6
2005. 3. 21 B E R (14.47) 3.8 0.8,0.8 55 4.7

M BRI S (15:18) EHEE>4.5 >1.5 60 —
2006. 7. 27 BEPLEN R (18:29) , ¥R K (18:55) 5.7.3.7 2.4,0.4 60,60 4.6.,4.7
2007. 4.7 TR (18:29) 6.1 3.3 62 4.2

BEIRIX (19:47) W EE>4.8 >2 60

FbE30(20:45) 4.0 1.2 66 5.7

Sk s (21.24) 4.9 2.1 66 4.2
2007 4.10 ;;?ﬁfzfﬂﬁmmm 4.6,5.0 1.4.1.9 64,69 4.7,4.5

B IX (15:19) 5.0 1.8 64 5.1
2007. 6. 24 BITAHEE DU KR (22.05) ,

ﬁiﬂiﬁziﬁ?ﬁ@i%ﬁ;ﬁ@ﬁ 6.6,2.6,7.0, 3.6, 704 55.60,60,55  3.8.5.3,5.2,5.0

(22:21) , W RFIL(23:13) 34 4.0,0.4
2008.2.28 ?ﬁ‘z;g:;z; 3.6,4.1 0.4,0.9 60.60 6.5.6.3
2008.3.8 FUIRIX (9:15) 2.9 —0.6 60 6.3
2008. 4. 14 ?ﬁ%€$@%5£50:10>$ﬂz1m<20;21> 2.8,2.7 0.1,0.0 55,55 5.6,5.4

%fﬁ)ﬁﬂfﬁ;léi;(;fj?;f 3.3,6.7,6.7 0.6,,4.0,2.0 55,66,60 5.9,5.1,5.1
2008.6.24 Ejgf)iﬁg‘gf@ﬁﬁ%%”ﬁ 2.1,2.2 —1.2,—1.1 55,55 3.0,3.0
2009. 3. 31 VLU AUHT % (14:47) 4.8 1.6 55 3.9

B AR R (16:21) 4.0 0.8 55 1.8

#FE (15:50) 5.8 2.6 55 3.2

TH R B

g:ﬁ()gizgjﬁg)n t 4.2 1.0 55 1.8
2009. 4.5 SPtE) JE (16.54) . 3 30(16:43) 4.4,4.8 0.5;0.9 55,60 3.5,4.5

I G 0E S (18:23) 3.4 —0.5 55 4.3
2009. 4. 10 TLIRFE AR (17:24) 4.5 1.5 55 3.5
2009. 4. 11 FUERIX 9. 5(17:04) 5.1 1.9 60 1.5
2009. 4.12 B 210, 8(17:27) 6.4 3.6 55 3.3
2010. 3. 30 JEER P (17:12) % (17:39) EEIE>3.4 —,— 60,60 —,—
2010. 4. 16 BB (17:43) 6.3 3.4 60 3.6
2010. 5. 09 U/ (15:35) 4.6 1.7 60 4.9
2011. 6. 27 BV g 31 (20:00) 3.2 0.1 60 4.1
2011.8.31 VLA (21:52) 4.9 1.7 55 3.7

SR AN A 50 Y60 £ 78 B 2 1) 8 A R AE 013 b0
Ji 2 30~55 dBzCF i B i K KUBR AP .85 %6 &£ 4 1Y)
[l A% 3 =50 km « h ' 50 B 58 R 7K 19 48 5 R AE B
.85 % A AT IS <30 km « h ' [ jp 9 B A o
TE A0~45 dBz F EE P AE 6.5 km LR Vil 0 F
&TF 4.5 km,

S5 A TR R 58 5 7K1 R A R AR R TR TR
VKA = (440 2000 0T e RRAE TN & JR AR 1E , T 72
I 2 J B B 1Rl s AR oF mT B s B4 B O6F U R AR
B

PR B R JR T 1 1 UK S 2 8 2 470 s [l g R A
% B2 i BEARRAE . 1 KR e P 3 ok K ot i v o 2 PR
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Table 3 Time and place of hail-cloud and its maturity stage, radial velocity of tangential
components and main radial velocity
A/ H EERWA AT ol O
2004. 4. 13 T 76 Hfe 18 10.0 A KRIX
2004. 4. 14 TS R B 5 8 R — [ ) 42 9.8 By 3 AKX R R
2004, 4. 15 7 JH Ik X 48 7.4 R IX
2004. 4. 18 )T 3 X 18 14.0 EERIES
2005. 3. 20 Pl | 42 8.0 RS A RRUX
2005. 3. 21 SE /AT VA ] 42 7.2 R KR R 46 A
R 5 48 7.2 AR KRR
2006. 7. 27 FEBLH R R K 30,30 4.0,3.9 ¥ KX RIJ
2007. 4.7 TFIH AL 42 7.0 53R LR R X
HERR X 42 8.5 P REMREG KX
kA 52 12.5 55 3 X, 55 D) s
St 3 36 7.5 hRERES KX
2007. 4. 10 Sk R B RB) 3R B 36,36 8.5, 8.5 Y9k TBSS. 55 al 3 X . 55 4] 28
Bl IR X 36 7.7 RS & RRUX
2007. 6. 24 ARVLAER AU JBEBR, R, 56 7.5,8.5,7.6,7.6 ¥k 85912
eV YE IR L 36,36,36,36 (555078 i o) Jag Qi EIPAN N AN
¥ FE/ N MED
2008. 2. 28 SEUbE) e k) 3 36,36 7.4,7.2 1 TBSS, KR X
2008. 3.8 SR X 30 4.8 TBSS. kKX
2008. 4. 14 T 78 R Al (TR — [l 38D 24 4.4 R R KUK
fﬁf}j’ﬁi%i;ﬁﬁm 114 12.3 TBSS .5 514
2008. 6. 24 B R E MRS R 24,24 4.0,4.0 A KUK L K /LK
2009. 3. 31 VLU AUH 24 3.5 KR
B AL 24 5.0 R A X
e 24 4.8 3R R KX
EREEL N5 rN RN 24 5.8 R R A XL R RUX
2009. 4.5 FOUL B e, 36,30 12.5,12.0 SIAR ;554 A
Bt G W1 R 2 36 10.3 RX L RRUX
2009. 4. 10 VL3 5 R 72 9.0 R RR A X R KX
2009. 4. 11 SR X 30 6.0 3 R I
2009. 4. 12 B 2 52 8.5 o R R A X R ALK
2010. 3. 30 B MR 5 48,48 8.4.,6.6 A3 KUK R X
2010. 4. 16 BB & 36 6.3 R R4 X TBSS
2010.5.09 Bk /N 42 10. 6 TBSS. G Ji B8]
2011. 6. 27 AL I 18 5.6 3% XU
2011. 8. 31 ST A W 36 6.5 hREE A X

T JE VKBS ) Ay [0 9B R AL A K T I B R AIE 1) B L (H
1 TR REAT 4% & B BEZ AT b SR BT & L R I
FURERF R 2598 PR R B IY UM ke = (i Ir
VKBTI 44 206) T LIE 3 H A0 46 i AF & R 3 B
TR AT S AT IR 2 0 A2 A0 U R A R BIT A K RE Br Be
AR IS S R B A5CRE B UK TR 42 i I ] 60 min
AP (LA i iy Ak 8] = 8 32k 91 36 Hh AR & U000 4 A
F1% s T L5 el TR 72 S o OF 1) ) ) ~ 8 328 [l 9 o B

EA P38 B 6 I 18] 5 3 T8T 3% A6 2 1 I 1) 4 1) D
T FLAR 5 T BN VKR = B9 & e B B AR5 O
R BE AL AR, & e LBl A REAE Ry DK LA 6

HEKEHEAMIRIEIR

ML VKB = BB B B R AE L 75 VKRS Y I 3
TR TG b5 L 36 2 R 5 B A $8 BR i ] B H B vk
&, AR R [A] 12~108 min,

4.2
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(1) B Ry 2445 R % =55 dBz,

(2) [l FERE=12. 0 km,

(3) B[] 6 =15 dBz » km ™',

(4) Hy50,=7.5 km.2—5 H Hysq5,— H,>=3. 1
km H Hiwo—H 50 >—0.5 km;6—8 J H,; g, —
H=2.0km H His g9, — H-20=>—1.2 km,

(5) VIL=30 kg * m *.Dy;.=>3.0g+m °,

(6) ANAF-7E T ASER I o [l 9 A 76 B 8 1 5
FRAE 3 D) AR RRAE

() ANAFAE BRI 5% i [] 6 B R B 0] 3 %
#=>=25km+h',

4.3 HBEKEHKHTHRER

4.3.1 B E Hpw Ho H oo FERIRKE

20042011 4F, Feffe A2 30 55 ) 42 [8] 8 12 e (ff
TE R — [ 52 e 22 4> S B ) Hoh g 11 i
ILOKEL CFF 8 HeAEAT KK A 1 e BLR XL (2007
£THH,

34T 2007 4R 7 1 H 55048 81 & B 3% A1
Ebk%@ﬁﬁgﬁﬁﬁ:Hmdan 6.1 km\Hrlsde_H()
0.7 km, [H U, 7T RLAE [ 2« (1) 55 U] 48 R
fE;(2)H, s g5, =7.5 km.2—5 A H;;up, — Hy>=3. 1
km H Hisap, — H 50=—0.5 km.6—8 H H,5 4, —
H,=2.0 km H Hisa, — H-p=—1.2 km I fii
B UKE . P55 A8 R AE 4E RF I TE] 24 ~ 60
min, PG, 1 34 48 A5 42 i B[R] 7] 35 18~ 54 min,
4.3.2 VIL Dy 45 =R/ AE

34T L T ML XA K R VIL FRE & B
S I 5 5 K L3 ) VIL ot — iy 13~18 kg »
m Dy <<2.1 g m *H L5 800 PR K
SRR VIL {E %5 :2006 4 7 J1 27 H 1 2009 4 3
H 31 HimFEARXI R VIL 35 30 kg « m™ 75—
FE P g VIL <18 kg « m 2. Dy, <<1.7 g »
m L HEL B KA VIL Wik 30 kg « m ™’
(Bil4n 2006 45 7 H 27 H) VR B 3K VIL {4
A3k 60 kg« m ?,

FlR LML N d B, KAL) VIL Fl Dy
5 R RUFI B 58 B K 9 VIL FI Dy BT 8 3 19
5.

(B[ A % S S [ NS 1 7 2 N e =Sl 1 A I
VIL=30 kg * m “H Dy =>3.0 g m *HNIKE
TR AR bR . VIL & {H4ERf I A 24 18 ~60 min /&
Ao PR s TR A B 4 FiT B[R] 12~54 min,

5 Wil Iabrt

5.1 KIEFEL T kERMEBRE AT A

HY T 20042011 4 J@ 28 5 25 XA 53 B3 oK
M) VIL {38 R k&G = 1 VIL 8, IF 13 33 B
A5 dBz W1 T =7 5 km 1fi A& B 0 B . HAh.
24 WKE B I 11 RZPEL T, I,
Y53BT 11 YR LR 0 [ R AE L IR R R
UL 28 ) 7 R 1 UK TR A8 AR

11 RO £k rp, 3L A7 233 B [o] 7 o o 2R A 4
LGSR DN 45~62 dBz, £ 200 Bl ) Hois s, i
F 7.5 km. A5 33 B[P BRI H s 0, =>7. 5 km T
KPR . AT H 33 Helnl ik 5 0K [ i FR4E , 22
AR —EAEZADSZRPEL) (1) 15 3
8] 33 5 B << 55 dBz; (2) 11 He [l 58 BEAY 6 ~10 km;
(3)26 Helal P i VIL <<30 kg » m ? H Dy <<3.0
gem ’, SrirRU UK RS bR TR .

52 AR FLENKERSTERETHRE
¥R

2012 4FJL B0 3 KUK KA. 2012 4 8 H 13
H B VTN RE T SCE H B UK 52012 45 8 H 18 HIll
RN 2 M KE ;2012 48 4 J] 10 H 16 B A4
SUb T X VKR . R S — R K R R TG TR AR
B X TP IR HE AT A 5

20124E 8 A 13 H&BVLM L. ik 01:32—
02:06 HBLUKE (& 3a.3b #l 3¢),iZKE K 3 4R
G IR, 01:32 FFUG . MU A& R R 65
dBz 22 47 . S5 BF 16. 0 km /2 A7 B BF =20 dBz -
km ' Hysa, N 10. 6 km.H,sus, — Ho B 4. 9 km,
Hig—H 50 2.1 km VIL 4 50 kg » m ™ * . Dy,
K42 g m P fEFEP RIERGRAE (YA H 9 m
o sT ) FSR ZU Y TR XY AE FRAE RS 27 km .
ht R KR 9 TR 8 A AT AR R Ok 3 TR B T
(14 DX 30FE S B VKRS S5 4 3 A0 T4 ] 34 min,

2012 4F 8 J1 18 HiM i BARtE £ 03:38—04:01
P VK (& 3d.3e F1 3D VKR Ny PR 4 I S
03:38FF e« [ A 4 & S5 % Ry 60 dBz Ao Ay 9 E
13.0 km 22 45 86 =20 dBz » km™ ', Hysu N
9.9 km Hyu, — Ho 8 4.5 kmy Hysgs, — H 50 K
1.2 km.VIL 35 kg *m *. Dy N 3.2g+m °,
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T TSGR AN R THE 5 14 W 5 5 U0 A e A e XL
ARRFAE + PN 5 Z2 A FRLR 5 FF OCRE 0 W7 AT 93 A% ) i 2
D926 km o« bt R VKR B TR AR R . AT B R Ok

(a)

[ ] ='[||-':
1

|

T2 [B1IE R W) A DX I0RE HE B KR i R 2 AT TR B T

23 min,

-5

0
24l
18.7
14.9
1.2 20
7.5
3.7 30
0.7
A
-3.7
~7.5 " 50
~11.2
—14.9

.60
~18.7 |
-2.48 5
m-s! dBz

Bl 3 2012 48 pKEE 32 A4 R AR S A6 2 3 B #1 TT LCR I 0. 570 4% 1) L2
2012 4% 8 H 13 H 01:32 S:VLINEE VL . SCRHE A S U 238 26 B 3 1 (2) \CR(b) |
0. 5° A FE AR I ST % (), 2012 4F 3 H 21 H 0338 it ELEE#R £ LA
TR 5 3 T 16 (d) \CR(e) 0. 54 3 FE A 2% (D
Fig. 3 Base reflectivity vertical profile, CR and 0. 5° elevation radial
velocity of hail-cloud at 01:32 BT 13 August

(basic reflectivity vertical profile (a), CR (b) and 0. 5° elevation basic reflectivity (c¢)

in Sinanjiang and Wenwu at 01:32 BT 13 August 2012; Base reflectivity vertical profile (d),
CR (e) and 0. 5° elevation base reflectivity (f) in Nuofu at 03:38 BT 21 March 2012)

R A R UK B H R TR FE b X T R
2012 471 KB A BT 0 TR R .

6 45 i
BT 55 0L e VS 1 T4 T 46 4 B

(D) 5T UK B F LR 48 fr : 24 9% A 41
GRS Z =55 dBz, T =>12. 0 km B =15 dBz

e km™' Hys g5,=7.5 km.2—5 AW Hys g, — H, =
3.1km H Hiywp, — H 50>=—0.5 km.6—8 A &
Hiy g, —Hy>=2.0km H Hys g, —H 5 >—1.2 km.
VIL=30 kg * m* Dy;. >>3.0 g » m I}, WA 7K
R PR FERT 12~102 min,

(2) 157 VKA 00 46 5 AE F1 & 58 B B RRAE T3
715 - 24 B [ 5 6 2 VK 2 B A0 bR R ALE RN R R
B B R AR S AT TR AR ok B KR B AT RE A K, TR
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FEHT 60 min LI,

(3) 50 T VK BT 1 8 K T H 48 A - 24 1|1 o A
55 V)48 FRAE 45 dBz [ T =7. 5 km,2—5 J]
Hiw—H,>3.1km H Hyygp,—H ,,>—0.5 km,
68 H Hisw, —H,=2.0 km H Hyu, — H 5=
— 1.2 km B, o] BURAT UKL 3 B, TR B AT 18~ 54
min; £ bR 5 ORI o 2 0 8] Y [l VIL =
30kgem * Dy =>3.0 g m B, A Wit A KE
L W AR HT 12~54 min,

() BEET VKA = 1 A W RRAE

(5) FIF 2012 4E KA KE RS RAR T
T A6 b » B OCR AT .
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