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Abstract: In order to improve the monitoring and early warning capabilities of autumn hail, this paper based on
the dual-polarization radar and FY-4A satellite data, analyzed a rare autumn strong hail process that occurred in

Hunan, discussed its early warning characteristics. The findings are as follows: (1) Strong hail is produced by
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supercell hailstorms,in the hail stage , the bottom of the strong echo center (horizontal reflectivity factor Z, >65
dBz) is close to the ground, correlation coefficient (CC)< 0.9, differential phase shift rate (Kpp) is a cavity, and
differential reflectivity factor (Zpr) is -3-0 dB, corresponding to the fall of large hail with a diameter > 5 cm,
which is consistent with the actual situation.The rise and fall of the Zpgr column can characterize the
strengthening and weakening of updraft, Zpgr combined with CC can identify three body scatter signature(TBSS)
and side lobe characteristics. It is necessary to strengthen the comprehensive application of multiple
dual-polarization parameters when monitoring and warning of strong convection.(2) The area of strong echo and
the height of the center of mass are good indicators of the different development stages of supercell. Combined
monitoring, the advance warning of hail can reach more than 12 minutes.The length of TBSS caused by the
supercell in this process reached a rare 73 km. The emergence of TBSS and the divergence of,the Storm top
showed a significant weakening trend, which was more than 17 minutes earlier than the hailstorm time.(3) Hail
and thunderstorm winds appear in areas with large gradients of hail cloud blackbody#brighthess temperature
(TBB), cloud top temperature (CTT), cloud top height (CTH), and cloud‘top pressure (CTP).TBB<-58 C,
CTT<-56 ‘C, CTH>13 km,CTP<180 hPa and the continuous increase_of PBBs¢52),'C area can be used as
monitoring and early warning of the characteristic parameters of autumn hail cloud®y EX+4A satellite index.(4)
The TBB maximum decrement rate can provide at least 11 minutes of advanceywarning for impending hail. The
brightness temperature difference of 10.8-13.3 pm channel is the most sensitive to the development and
weakening of hail clouds. The brightness temperature=difference of 6.5-10.8 um channel is more sensitive to
before and after the hail passes through than other brightness temperature differences in single-station
convection monitoring indicators.

Key words: Autumn hail, FY-4A satellite, dual polarization.radar, early warning indicators, supercell, three body

scatter signature(TBSS)
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Fig.1 The 5-6 minute moving trajectories (black triangles) of Hailstorms land 11 during the severe convective process in Hunan
ofistations (green dots) with level 10 thunderstorm and
4:00 to 08:00, overlaid with topographic height.
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Fig.2 (a) Geopotential height (black solid line, unit:dagpm) , temperature (red solid line, unit:"C) and wind (barb) at 500hPa and (b)

T-Inp diagram at Changsha statiol :00 BT 8 November 2023, (c) T-Inp diagram at Changsha station from ERA-5 and (d)FY-4A
channel 12" infrared ¢ yj ), 500.hPa deopotential (contour, unit:dagpm) and 925hPa wind (barb) at 05:00 BT 9

November 2023
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6



(Ass ,Aso , Ags), centroid height (HT,orange line) ,top height (TOP,) and base height (BASE) of the Changsha radar storm X3 from

04:43 to 07:09 BT 9 November 2023
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Fig.4 (a)'Zy and (b) V at 1.5<elevation of Changsha radar at 05:17 BT 9 November 2023
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Fig.5 (a) Zy, (b) Zpr, () CC, and (d) Kpp profiles of Changsha radaralong, the storm X3 echo center radial direction(the solid line

ab of Figure 4)mat 05:17 BT 9 November 2023
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Fig.6 (a) Zn, (b) Zpg, (c) CC and (d) Kpp at 4.3<€levation of Changsha radar of the storm X3 at05:58' BT 9 November 2028
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()2, (0)Zor: (c)CC» (d)Kop

Fig.7 (a) Zy, (b) Zpr, () CC, and (d) Kpp profiles of Changsha radar along the storm X3 echo center radial direction(the solid line

ab of Figure 6a) at 05:58 BT 9 November 2023
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Fig.8 Z,yat 0.5°elevation of Changsha radar at 06:33 BT 9 November 2023
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Fig.9 (@)Zy, (b)Zpr, (c)CC, and (d)Kpp profiles of Changsha radar along the storm X3 echo center radial direction(the solid line ab

of Figure 8b) at 06:33 BT 9 November 2023 (yellow dashed lines are height of WBZ and -20 °C layer)
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P 5 32 5 R 2 g — R AV 7 45 1 33 2 KR X (/0 45 252, 20205 75 %, 2023, [&115), A Ns5~6 m s,
FEHR R AR Z) 7 R SR R, S SR TOERII B F e KGH, 0T T 2 R Sl I 75
Tl TR RN BEE S T S RA RN R A .
3.3 BIATEFHERE R
33.1 BEEERFECFHE

IIHT Asss Ason Ags FITHT [ R R (B 3)FT 1. 2400 2 ] AP g 0T B A b - UK B FE B R
JEBB: DU [F RN, R B R A T O IR S I B 1T Ao 1 Ags YR AMEL Ass 15 EHE K B HT
[ BRI ), 2 A A Pk SR 4k 8 % s 24 HT BT UK A 08 K2 L Asowciliet 27 km? 1i(05:23, 05:46),
T BRI NG R KB B, TR AFS R ATVKE T, $ERTRE2BIFIL 17miny 41 min; 34 HT 58
-20 ‘CEmE H O I Aes B (05:29, 06:04), FEHTEG:7 FNA 12min. 23 min: 24 Assv Ago~ Ags [RIBT L F+
{8 HT HEL B FR&6 min FEIEE 3 km)#Eil WBZ i(06:10), s B F-A00 B W B8 55 Al Ak Bl R4
B, RATEJ A 17 min.
3.32 TBSS

TBSS ] {E iR 5 KUK [ 78 /3 M4 h(Lemon, 1998). 05:23 X X3 BB TBSS; 06:27,
TBSS KA IA 73 km(K 10), A3 B £ 75 %5 (2007) 4t v VK & ANl 1 499 A TBSS & 1 fx KA (69.7 km),
+3F 0. 25 TBSS A BAFSEH] 06:50, HAFLERT[RKIE 1.5 h, TBSS $HEVE )G 15min, FEE L
T FRHANE] TBSS HHLEYIT (BB 25 T UK 7 b a] (B2 T &8 17~64 min), BRIt nl 3 s E 0 13k 4
S ER IR AR, I T TBSS AR vk B T 1 HE AT &

10 2023 4= 11 A 9 H KW HIA 06:27 4.3° 1/ Zy
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Fig.10 Z, at 4.3<elevation of Changsha radar at 06:27 BT 9 November 2023

3.3.3Zpr. CC. Kpp

HIATSC 3.2 70T AT A1, Zprs CC. Kpp BLA Z AVEAF IR BIAHAS KL, XKL A R B T 15
AN X o Zog HE_EFHFI T B AR AE RIS IR AR TS s 456 Zpr F1 CC A BIT-1150 TBSS F155 MR o
SRR I TR, W OGVE Zog IR RIEADEH, INsaX 2 MSURIRSEIN L& R -
3.3.4 WA H

BERIE PR VKR R AT B K B X 2 T ORI BE ORI S, S0 5 b TR0 I P TR 55 (I ) o
06:10 ¥4 A5 T Al 52 B R F9E 3, TR B aaas, Buk e e 2 0 R B [RI9& T 20~30
min, AT f ARG T 4 EREE R AR -
4 FY-4A TR BORHUERHESR bR 04T

41 mEHm
411 RFE X3 RR KM B =5 R % if BAF4E

ZRAIC 3.1 ATH A AR X3 J#7E, JEHL 9 H 04:34. 05:53) 06:45 4 MR AR X3 MIIHE KR
VKBS B KR B B BEK 3T Xt B VK R 2 7E B B WIS 1 FY-4A 5 B35 S B AL RHE

04:34, ZAHZS= s A0 T i FH B FE B = B0 = (8] 11a), i 2 ] ool BRI (TBB) Bk
-50.8 "C (&l 12a), =T (CTH) Y 12.6 km(& 1260s, 2= THELE (CTT) -52 “C(E 12g), = IHSE(CTP)(E
W&)}9 197 hPa, 7B X 0 AR B = it Bl 2% 6 = AR Wl -2 °C 4245 i 47 AR iR (] 11b), R B
M IEfEE R RE. BEER s L, ABB M CTT ZHifs%, =AMy K, KM TBB<
52 CHB(As) RN K, =M TBB Sl i Bk, CTH F&, CTP Rk, % 05:53, =M+
£ TBB i%-59.8 ‘C(/& 12b), CTT Jy-56.6 ‘C(/&l 128), CTH FFZ 13 km([& 12h), CTP >y 180 hPa, it
Iz B B BLGANAR (GE F TBB<<-52 °C Myl s K BB AL G 3 (MR 545, 2011)) T2 K& =, TBB.
CTT. CTH. CTP B JME X 1% 55 X 2% [VRg 42X M. 06:19(/&l1%), TBB. CTT. CTP #JfE £k, 7>
H9-63.1 'C. -60.2 ‘C.“169'5 hPa, CTH LR =N 13.4km, 5 FHIAERIN BN W) 1 T EAHTF, iy
WO AR R BRI 2 . BEE VKB RAE, ARERERLRL, KE X TBB. CTT. CTP &#iFt
i, CTHIZWBE(K, Z 06:45, TBB(/K 12¢). CTT( 12f). CTP 4357+ %-58.6 C. -58.3 ‘C. 175.7 hPa,
CTH [4%Z 13 km(E 12i)e, 55 45 45 £ 07:45, TBB. CTT. CTP 4k4:/y 5| J} & -57~-54 C. -55~-53 °C,
186~190 hPa, CTH [£2 13km PAT, BEAMRKIRRIARIAHE, (0 Ay B/ (EInE), Xz B>
AT R BRI
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P 12 9 H FY-4A (a,b,c)%% 12 iii TBB, (d.eH= TR (CTT), (9.h) =T % (CTH)
(a,d,9)04:34, (b,e,h)05:53, (c,f,i)06:45

Fig.12 (a,b,c) FY-4A channel 12" TBB, (d,e,f) Clout Top Temperature (CTT),(g,h,i) Clout Top Height(CTH) at

(a,d,g)4:34 BT, (b,e,h)5:53 BT, (c,f,i)6:45 BT 9 November 2023

412 =BT B EIATOAT
SRRz B0 9 H 4:30—7:45 % 5~15 min =S 37 ARG SR 3.1 WE R M IR EHIKE
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AR BB 13) & B, TBB<-58 'C, CTT<-56 'C, CTH=13km, CTP<180 hPa H. A, Fi&u Kl {EN
KEKE S FY-4A TR ZFHIES 2 1 I TUE R

"‘Yr“"“'vlvrvTvv Lo S e S suu e e | Py

s 5 E e STEE 3;1
e By '”!l W
wi il ||

s
REF

132023 4 11 J§ 9 H 04:30—07:45 Xz B0 FY-4A 5 12 i@ TBB,CTIXCTHAIIBB /N T--52 CHIH(As) %1k
Fig.13 Variations for FY-4A channel 12" TBB ,CTT, CTH and area of TBB below+52 ‘C(A s,)/0f the convective cloud center from
04:30 BT to 07:45 BT 9 November 2023

42 ZBERRNKE R ENTERIRS T

Fe T TR B T IR A B4R bR 7 i—SATCGAST H1 Mecikalski 452006, 2008) ¢ ki, M54
S B TR LM m TR M AR (b i dh . 20 5b = sl e 55 8 AN TR, SM51T B IX L T Frbrvt
WAER] TR (RI RS, 2012; ZTubdg, 2014; JHgEY:, 2019; sKIH4E, 2021), (EATS R T 6t
WHIAERI T, UKz 1 TE T 588 DACRIH 9 H 04:30—07:45 FY-4A X 2 A0 (B 14a)fi&
Yol AT (] 14) F) 2238 10 8 i B T R B R RHE AN KL 5 R A R IR R, DRI ZRIK
B TR B R b
421 i#id 12 TBB

FY-4AAGRI il 1842 (034 108 um) A FRSE X, @5 FH TBB BIMEFIRS [ ALk M MR =
RIB(EPFFEMZT L 2014). AHishit z Fde TBB Az (K 14a 2048) T 40, 06:19 LART TBB A T-33h
TEE#aTS, 06:28 LUSNIFLE AT BT, WIRIFEE TR [R(05:41 A 06:27) K EAE TBB Tl (4
AT RGN B WA HT 10 min TBB AR T, HH 05:15—05:30 TBB TF45 'C, bkl FE i
R, R TBB A B i & A i (7] L B B B [A] 22 /48 01T 11 mine M bul B2 TBB(& 14b 4048) &
FT—FBE— BT FRERRRE, R B F SR = AR iz . B A NN BONIKE . &
BRI SN R AR R AR BN B, 55 A NIRRT B BT A N SR K T TBB B 9 2K
FEE—ABEL, FEHERRIR AR R S X XN TBB B RAEIX, 1 AE 0 58 /K ¥ X %R TBB K
fEIX . H 1 05:53—06:00 TBB T~ F 13 “CAyiZeuti 55— AT B Brish Ja % i 5, 06:30 TBB iA I i (K E-37.8 °C,
TBB K i i 1] L B 25 R e 56K XUR AR I AT AT 33 min BA_ b (i3l B EE RS A1 06:33, H B KKK A
By 06:41). LA LA HiR MR F TBB YUl FMZ /G, RIZIMRSAF I, TBB BRifimE
MR AR B P B I 1) B2 11 min BAE
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422 i 13 5 12 %% £ (BTDys1)

FY-4A AGRI JEIE 13(F -0y 12.0 um) 5i81E 12 BN KSE X, FIBIEIRZE BTD1so(XFR A
EHHAR) A H RS = ARz, AT R S S 2z, T2 B2 R = MR
SeRAfE, RHER TEORT OCRMMMEER R RS, 2014). B3Rz FlH 0 BTDs.1o( Bl 14a
SELRYAT A, 04:38—05:38. 05:45—06:38 HAEIIM-2 C LT A IEME(0~1 °C), KU B & JE A% 05:38
—05:45. 06:38—06:45 HILEZFE T Bk B FUE LRI RoEg. LA PR UR AR S I Bt 5
BISC 3.1 WEAT B IR ERF KA R EIN B G . 454 TBB W4 KRG, 2 BTDpp LT
KT 0°CH TBB<-58 ‘CERMXi = H O KR AMAIIKE Z, 7 min ) BTDys0 FEASE H FERIEE
1% 2.3~3.8 CHE, XTRATREIELEREE . T IDHE BT1p0.108( 14b S828) WA B Hm 8 L.

423 iBiE 9 5 12 %8 £(BTDgy,). @i 9 5 10 %8 £ (BTDg1). Bif 14 5 12 5 £ (BTD1419)

FY-4A AGRI i 9 FIIEIE 10 M- QK A8 6.5 pmy 7.1 pm, 32 EARINGSE = 2 M0 2B 7K
FAEE: I 14 0K 133 pm, BRINERS F 2R E TRZE AU, B AN 5 () R 22
BTDg.1p+ BTDg.19+ BTD1a.1p 351 F] KR 2 1 1) 2 T iy -5 6 3t J2 T RO AR, B 3= 1 S ARER — AT e
XTI A X 38 BEE T O°C BT = B BN =, 17 1 12 X U BH A e 0k 3 sl it 2 T, Bk
& AR TIRMXRE LIRS (G ERT 5  2014; S, 2014) % 4kt i = ] 0 BTDg.1,
H1 BTDg.1o HH7AZ (K 142 TE2E. LK) P, PRI 2R A BN B REA Z AR, BT R R
RIS B BTDygpp P2 R — 80, JP 38 4R KT BTD1s.12s BTDe1, 06:15 JFAA H IS — 4%t
WSS, BT HE MR ZE 4~8 min, BUIEEIFUGLS FMERT 12 min. TX T BTDw1o( & 14a £%2R), #]
YA R AT VKT Rl I 18K By Bt g 12 °C(05:34—06:23 % ‘C_LTHZ 8 °C); ME I B 05:30—05:34. 06:23
—06:30 FRIEHE 4 °C, 2 HIFERTFAE FEGAM A L0min. 4 min, BE0ERIFRIED A VIR R 2 50k, X
SEUKEL 75 B R R AR S Wi A BURS, 20 Sl 2 Wl 4 °C I ) T e R b ) B2 i

Kybuh = MR 745 TBB R 5055 (E] 14b) 06:34 A FIF K N-6 CHA, WTEBKNE AN HIE
AT 7 min, {EXTUKE L TCRETE. LT BTDs 40 A1 BTD14.12s BTDg.1p 75 e K RFIVKE RSB0 f5
AR B, K B B R M W T B ] R DG

(a)

...............................
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14 2023 4 11 A 9 H 04:30—07:45(a) X1 ifi z [ 0 Fl (0) K vb vl (1) FY-4A £ 12 il TBB Al & ililssiR 2451k
Fig.14 Variations for FY-4A Channel 12" TBB and Multi channel TBB difference of (a) the convective cloud centenand (b)
Xiangjiang New Area Station in Changsha City from 04:30 to 07:45 BT 9 November. 2023

5 W4 5iHE

ANFET R IRE LA FY-4A TREFNBRL, 2657 IR paRas o, bl b X
P B — U LB R A AR AR S B P BRI T 5T RIS 0RO R 1 2R 650 e, RV L TR,
Bnr:

(W16 A& R BOh B b = o Uie, SRR, 51 XK (24, =58, dBz) K JEE-20 CEME,
XM Zor 4 0. 5~3.8 dB, CC A 0.88~0.95, Kppy 0.5~3.3 “km ', BLHIFLE/NKEAT CR) W 1R
AR, VKEIEAEHHTIBIA, VKGRI Bosa s R A1 . BWER. 80K R b Uie. 5221
R, TBSS MISHMRIIAERF R JE, BITURF BT R INGR 4R+ LU DK ERL T I, B ik Rk e
FRE, -20 °CJZ B B 5R B] % A0y @4 650B2) % B Zpr<<QdB, CC<<0.9, Kpp A, FIFiZXE DL
H B EAR =50m [SRIKELD; FRRs R By ot B[ (265 dBz) i BRI 5 5 km LR HUR AL M,
CC<<0. 9+ Kpp N Zpg N-3~0 'dB," MXSRINEAR =5 cm [I5RIKE V& .

(2)Zor~ CC+ Kop liL 3y Zughl BAFHRGIASRL T, Zog B THAIR BERTRAL_ETH AT NS A8
455 Zog M CC A B P TBSSVEN 55 AR AIE o 5[] 384 T AXURI 5 L i o s 0 B4 X R AN [R] A JR o BT AR
UFIIARRVER . 454 MR DI I vk G OB R &k 12 min DL ko 3 UL IRSRIKE 108 4 s R 3L TBSS K JZ
IEENFE UL 78 km, TBSS N HL. XU TR Al B Sk ol 55 A S e o B P [ 421 17 min B =

(3) = HASFORS A LI f K S = KR YIH C A BUTFRIRARE . Sia ik athikE s kg
PRI, VKB MR, TBB. CTT. CTP [£fik, CTH Ftm, Ay K, UKEHIM TBB Lk B &N
Ko VKB FRANKERERSKE Z M TBB. CTT. CTH. CTP B R ME XA R Lf o WKERK A G
TBB. CTT. CTP J}#&, CTH F#{&. A, #8/h. TBB<-58 C, CTT<-56 ‘C, CTH=13 km, CTP<180 hPa
H Ay FEEIEKHENKRIKE = FY-4A TR 2R AES S0 M T 4847 .

(4)TBB # Kk . BTDg.12+ BTDg1ov BTDig1p BRIELAII (AR L R] 0N T 2 HIE SR VT RHKE
BHUE SRR Horh TBB S Kl B PR B N AR AT 12min BLL, BTDysp X IKE 2 HI A EAIHSY
S RIS, BTDg.qp TUILE A3l VA M U4 s b 0 UK B3 B8 B J5 B AR T T e iR 22 S R R o B0 UK
EIFEIR;, o 2 FRARACA TBB B{H LA HIT
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