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Abatract  Meteorological satellites have provided useful information for improving weather
forecasting, environmental monitoring and short-term climate prediction. In the field of weather
forecast, it provides a more powerful means for the forecast of typhoon, rainstorm, hail, sandstorm
and other severe weather. In this study, the microstructure of hail clouds were analysed by
satellite observation data based on nearly a decade of hail events record of Shaanxi, Shandong,
Guizhou, and Xinjiang. The comparison between the hail cloud and deep convective precipitation
cloud characteristics which retrieved by polar orbit satellites shown different cloud properties such
as cloud top temperature/effective radius, cloud glaciation temperatures. Based on the distinct
cloud properties between hail clouds and convective clouds, we summarized the characteristics
and further apply them on the FY-4A geo-stationary satellite which captures the life cycle of hail
which happened on August 16, 2019, Shandong area. The results shown satellite has the potential
to capture a hail cloud during its developing stage and use it as an application of early warning.
The hail cloud shows the following characteristics: (1) There are significant differences in cloud
physical characteristics between hail clouds and deep convective precipitation clouds. The cloud
microphysical characteristics of hail clouds observed by satellites are shown in three aspects: Ty is
cooler, with an average value of -33°C. The hail cloud reaches glaciation temperature with smaller
effective radius (<40mm) with an average of 36.9um when the clouds are fully glaciated. It also
shows the smaller the re.q was, the stronger the hail cloud was. Additionally, hail clouds tops often
have a reduction zone of re with increasing height. (2) All the studied areas have consistent cloud
properties such as lower Tg, smaller re.; and decreased re at in comparison to adjacent convective
clouds. However, it still showed regional variabilities which indicates we should establish
different indicators for identifying hail clouds for early warming purpose. (3) The case study of
FY-4A geo-stationary satellite shows geostationary satellite can track the evolution of hail clouds.
By tracking the hail cloud, we found the geostationary satellite has a response consistent with that
of the polar orbit satellite, providing a method for monitoring and early warning service of hail
weather. The geostationary satellite can be used to track the development and evolution of the
cloud cluster, at any time when the satellite detects strong hail signal because of the high time
resolution. Combining satellite early warning with radar observation, the location of hail
occurrence can be determined precisely. (4) Combining the indicators summarized by polar orbit
satellites with FY-4A to track hail cloud evolution. Four hail storms occurred in Shaanxi and
Shandong were applied for early warnings. Ground observations reported 22 hail events in the two
regions, of which the satellite successfully warned 20 times in advance and missed two times. The
average early warning time is about two hours before the hail disaster. All those suggest that the
automatic warning of hail by FY-4A satellite has important practical significance for timely and
effective organization and implementation of operational hail mitigation.

Keywords Hail cloud, Cloud properties, FY-4A, Early identification, Automatic warning

158

VKBS XL 51 R BRI IR IR, IREREIKREIUR, 15 LK
IKEZ R 2 —. T KEERAA RN R R, HARE, 520
PERXER RO, Ha AR GBI T I, A PR N R i U 7 25 3 A



FEHFL o A T INKE R FDR, S RBUFAEE BN TR E LR A%,
N T B8 ) S B SRR A M, TR UK 2 1 B S A1 R T 700 B A5
| H

B 25 ) R AR RIBOR B K e, Bk ORI B8 BHE UK R SE 3R R S 1
eI R AR 22 R o B TR A, B AR 2 T R T R ER A
TAE, T TIKE R T IE R R SRE RIS RSE, 2002; AT/ 45,
2005; BEETE, 2007 SMESE, 2015; FEAE, 2018 JEAESE, 2019; FEHFIE
2, 2019; E5%, 2019), HEILAEIKE = RBIBAR T (G2 A,
1982; Amburn and Wolf, 1997; Zhang and Fang, 2004; AffE%E, 2006; S5
ORI GT /NG, 20095 M ZRITE MR, 2009; TARZE, 2011; Skripnikovd and
Rezatova, 2013; TKZE%F, 2014; EUMGSE, 2016: MUAESE, 2019; SKSCHEAN
Bk, 2019), Fdtm TIKEIRILTIRAE 7). thAh, WAIRZ 538 R H =4k
B, b REHESE (WRF) ST TIKE = W L
RN AGS RS R 7T (F8% R4, 2001a, 2001b; VEAEHi%E, 2002;
FEREFSE, 2004; ¥HESE, 2016: AFMESE, 2016 SK/NIASE, 2019), DALAE
PR JEE S K BT 2 TR ) B AR 1 R B A O R 52 i PR DL . (B R4, 201D
MAURGE VA B, BSOS (2019) 1 A [ X8k 55 47 i [ 00 B2k} o3 4 10K
B RIS ) (1 23 () 20 AT 4B DA K H ARG SERFAE, B aiss (2019) J@id b
[E3T 55 A8/ ROBE SRR I R AR AR FR R OKE tH AR R B g 4 e
JEE R i B R RGN, b v B UK R AR AN R e B EE LR .

HAr, 2T RAEEMIKE = G Rk 120 % F B (H2 2 5% 4 I
BB LI 2H X 55 DR 2R R, — SR K B I FRANTE B A ARG Y, A AE RIS
X, TR T UKEIRIETERE X . FE, WSSz R+ (. i
) FHEAT WP, BORMEM IR S, EN AR . — HE R KR
PAIEINE S T 6 TR (S VN S A ey A RS (AL I A N B P T 7 R N i
BRI T R BRI a5 Y0 BBl R 2 2 R R, BRI = B R Ak
JRE AR AT B A M BRER LI, Rl PR SRR = Bl () RREdHT I
T, kb TSR BT (U BRIl Bk, N BRI
ITUKEL = B BN A 1 T8 B S 1038 7

H 20 4t 70 A0, FEAIT IR H T E TR R IKE = F#E (David,



1980). 5KAEE (2004a, 2004b) FIH NOAA TEZRIG I #T T P ILHLIX <34
UKL = (MG TS ARAE ,  disd 2 TO0 I P58 R B 7K ST P A5 A0 T T VK 2= B AR AIE
WIS (2014) 83 FY-2E DEGURM 7 IKE K AER 2T H) S RAE, BT 5T
fa i, Bm R s T AEKE BB LB, T4 IKE = R R AR E T
AN R S BT, SRR T 10mm (1R OKEL &R AR R385 (2019 FH TRMM
PEFE, T T — IROKEL IR H B 7K 2546 70 B TS B RFALE

W& TR RN 5, s PEREEACE ZHTA
TR RS AN 2 FoK Y EESE T T A L. Adler and Mack (1986) 1| FH A] LY A
10-12.5um HIE TR, 0T TR B bl 1T GO 2 TR B A S5 RRE
Lindsey et al. (2006) i#id GOES A 3.9um H1 10.7um MG TR, W8 7
R0 3.9um SR ZTU/NKE BRI R, DI 26 80E 7%
TETIRM S5 B H . Rosenfeld et al. (2008) FIH TEEFER, 48T T UKEEE5m K
FAEEERHE, RN PR RKE SRR EIER 2 DI ar/NGAE oL
(2020) WFFRAEH, FIH R Pl TR 2 IE L4 = BRI A R A ) A 1R
JEWRXTAL, T TR IA [F IR AR AT 10~30 238l BEPFFEAIT SR (2014) @i 2ok
LA T, FIR B BRI AR A, AT PRI AR . A — 2t 5L Cxl
R, 2012; FREESE, 2018; FFESE, 2019) T ARSI E FY-2 # 1k
TR ) 2 @8 AL A il B K LB (R ARAE, BREH 2 AN R AR SR R A IR I A
SHf. MR/ANAEE (2012, 2018) JEIT NOAA K FY-2G 2B R T T 5@ MELE AN
A I R 2 A B AR AE AR A B e IR 1 PR RS 5

JREVKE = RN TUE U S 7 FmUsE, (K22 L I 7t 3,
LA EEBRNEAT FI RBCN AR, B2 RBSR TR R, X TMHZ
KRR (ro) BEIE (T BHIZR (T BLR) SKIHATUKE = M) BLRHAE
SE BT BEMH VKR 2= 5 IR A A 7 W BE /D o BRIk, ASCHEETBRPE . LR
SO B BE A b 2 A b T PR S IE SR TR A, B L TR s e '
BT, VAGNIKE = A ERRRAE, SRR IR BITe bR, JRE TSR H T FY-4A
Frb R b, BRERZPBNEAS, SCINIKE = EATE . Ed 4 MMeaHT, ke
3 TR A TR AR P PAT IR TS, SR TR BRTE N T & 1 3
7o



2 BUBEF
2.1 B

AR 2ph T2 B A P BRI R 48 (EOS) AQUA T FE 3R 1) b 43 R A%k
#:{%  (Moderate-resolution Imaging Spectroradiometer, MODIS). NPP (National
Polar-orbiting Partnership) T2 $&E AT WOGLL A UG HR S A (Visible Infrared
Imaging Radiometer, VIIRS) F1 FY-3D ##1H 7 #F %61 BiAZ 4 (Medium
Resolution Spectral Imager, MERSI) L1B ##&, 2N A0HER 5518 1km.
0.375km AT 1km, P BE FIY AT WG R IE LA

m L TR A K FY-4A $5 800 2 il 4 g s it vt CAGRD LIB #d
AGRI I EHE ] WAL AMETESL 14 A4S, AT DEAIUT 20 785 B 25 18] 70 R
9 0.5~1km, ZLAMNEECN 2~4km, fEHE XA FE I [E] TR FE 249 9 5min.

Bo R S T o LU 2R AR N TR IR R S A B 4 N S8 el R A i
fit.

2.2 BT T-r. BRI =B 7 i

PEFEMAGEFMWHREE, N T T WK, Rosenfeld and Lensky
(1998) 42t 1T TR S AR K 2 A /3 M 7%, Rl & &8 & oe i
ATIE . R, FH e 2 R B A AS () R e S 0TI = AR TR R IR (1D A
FFARCEE o)y IBRMREBEZHNARRREEE ER) T M re, AR EHZIX
SR E NI re B EE T 2k, B T BRZR. R TH 8RR re vl LL
I HLLAL 3.7 pm U BN R S R SO, B AR T N AT 2 1t B )
z, MR (Nakajima and King, 1990), PLA 3.7um il = 555
A7 U BE (Goe @i . KA PR RTMA. KPR M), it
HARE) ree mIURE (Top) I 1lpm EIERE M RIRET AKKITIERS . f#k
R (T Rz ET RS E Sk B NERE, 40 CHRRESRE,
B T 1 B RR o SX 260] T3 ki 2= B R O B AE

% F] MODIS. NPP/VIIRS. FY-3D/ MERSI 1 FY-4A/AGRI #0%4k, 8
PAFEAFBINR 2 B] Tore SR, IR Tiops T FIRT LI re 55 25 U B E B3 1T



MNIKE = A BRRAE,  FH T UK = 5 IR A B 3 7 .

RI0 re B8 2 O B2 PR 3G G T Zo0f st im R AR R B U i) e s i L
(Adler and Fenn, 1979). Rosenfeld et al. (2008) X 5& %}t M@ I 7L FE H, I
THEREBR, Ty BA, XM R TA R (reg) BBUN. THEWGR, 58 BT
IR BEAE BRI R N AEARE R PP 2 E R CBARIREEAL ), UK/KIR & A AN
UKABSGACIS (M) A5, AT R RSE, T, 8% o oA ) 5 —HFE, £
Tre JEREG ) L BAFAE re BB T JB/NIYIE AT, Setvak et al. (2003) i GOES 12
3.9um S BT FRMR Y] 71X — 5L, 5800 R 2 TSR R EROR, =T BRI
BT UK SR TR/ o 82/ N405E (2012, 2018) Kook FE 1 3 AL K S ANMI )
{53072 1= s RO (LS % ) e 00 i 1 o B A - 00 B 1 G /B U S R (T

XTUKEL = R HAR A, SRR A2 4K HH 5o == BRI AR I 5SS o ARG A
DWW ERRIEEOR, W KEKENM, EREAINIKE S Tops Tgs Fetop M reg
SRR, IR AL B9 DA BRI AR, M RI0KE = BRI B 3
.

3 RN
3.1 R EHTNIKE =B ERFE

WCEERRTE . LU 7R S M BT SR R S R 4E H RIDKE RS R, i
B 5 Aqua. NPP 2% FY-3D TR EE AIULHED, fiiikt 31 AN, [RIE ik
5 UKE R G IR ANRR R B K =AM 24 A, X EE BT 28 = O BRI 22
S, AGIKE = TR Z 3R E A R U SR b .

RGN 209 /2 LA S O TR I A R F B R s @Tr i = X
W R RTA CRINLL S5 Eth S TREEL 2 M iJe s, BF S TR RTAIE R
N0, BZEK) {E-200~50° u [, A IR SO REFE . @ RIHI Tor, BRE AL S 21K
BEEE. fEtat b, @i TR YR ES B AB Tr. L (Bl 1), LR
Tiops Ten Tetop M reg SN SBEAL, HATHI T

3.1.1 KB = E5ERXREK =X T

MR PG SIe T, UKEEAN 5~75mm. BHA/NT 10mm &5 19%, HEHN



10~30mm 5 49%, KT 30mm 5 32%, Mol AR IKE A, X2 N T
B Ao IEHUKE I X IR R B K =, % H o AT = ) BRARFAE

Bl 1 VK = FIERIS IR PR IR 2 (1) Tere 3 ARRFAE B2 Trop AT T IR EL RN i 22 P
M 1a fJLLEH, FREITRAH Tre S AREAAE R R 25, TR FFK
2o R I R R BRI AR X LR, 75K 24-30°CHT 7 A 2 40pm, 2R F 430
gt MVKE = R BRI PR K 2818, 7E-36°CH ro 5K 36.3um, K2 36%
ABIEE] T FFRSEIRIE (-40°C) mhiF A4 AfRiRg:, UWIHIKE S T BiRxt
MK DB, EIABHE mR & E ST A iR s . FR, KE = b 200
R 7o B BEIR/NT U S TRAFERIDIRZE 1), SO UK 8 = BA B 5
AR

TR EXIR B Tiops Ten Fentop T reg UM ATHRFE. MK 1b B, SN
TPEK = L, IKE BT Top MEHE (R FEREAKD S T B4, “FI34E 53 51 N-60°C
H1-33°C, RFPEHT Fetop M reg BIELELN, 2305108 29.4um F1 36.9um, /DT Fetop
A Feg 733104 13.5um F1 24.8um, RN K S Tiop M1 Te ¥IE Y 3 N-66°C Al
-21.3°C, XFRLE Fetop 1 reg “FINME ST AN 39.8um FT 40pum, S i HH P28 = P 3
KRR BB 2R . SIRREE K ZAHEL, UKE = T B A%, 2B =AU B
5 TBB 1ENUKE = TUERA A HER, 1R 2 B AE B, AT RERE A
K= HTE K E = Bl .

i LT, R TE L, IKE= BRI HWEREAN: (1) T,%4%, HMH
H-33°C; (2) AEBUKEALET reg RAAT (<4Oum), JME 36.9um, H. req /MK
Bl (3) mWHHI AR T re l S ERVNG (ZTRPIREEH)D . X Le3tig

R R AU VKE = 5 R AR o



©
o
©
o

80k —e— Hail cloud (a) (b)
—=— Deep convection -80 - 1
-70
-70 -
-60 | -0
50t £5--80 L — '
~ o
Q) = I 8
5 40 g -50
3 -30 ©
o, g -40 - v
aE> -20 - '9 PS
2 30
-10 | @ Hail cloud Tg
or 20 & Hailcloud T, 0
L @: Deep convection T
10 0t . g
20l " Deep convection TTop
0 10 20 30 40 0 10 20 30 40
Effective radius (um) Effective Radius (um)

B 1 KBS AR PEK B Tre P ARAE (a) KPR TR BE (Tiop) A SR AR E (T)
PBHER R ZE A6 (b), (a) HSEEON R R 2 fr A AMEIEAR RN BE 2 re FPAE P 391E, 1]
SR RS re ARG, (b)) A B SRS k23 2R (R 2R 2 i A AN T A Thop O
SEIME, SHERRIR T 1 Tiop IAARTE KX L 7pog 1 Feop AR ALV

Fig. 1 The T-r. profiles of hail clouds and deep convective clouds (a) and average values and
deviations of cloud top temperature (7i,p) and glaciation temperature (7,) of hail clouds and deep
convective clouds (b), solid lines and shades in (a) represent the average of median 7. and its range
at the same levels of temperature for the different clouds, dot and square in (b) represent the
average values of T, and Ty, for the same type of cloud, respectively, and solid lines represent the

variation range of 7 and Tip and the variation range of 7e.g and 7e.iop
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Fig. 2 Average values and deviations of Tipand 7 of hail clouds at Shaanxi, Shandong,
Guizhou and Xinjiang, the circle and diamond represent the average values of 7 and Tiop for all
cases in each region, while the lines represent the variation range of 7, and Ty and the variation

range of re-g and Fe-op

Xof # MUK B = ) B 58 B W 285 SRR B, S [R] b X VKBS 2= S B R AE SR PR
RIEEAR L, BIRA Ty B reg BUN, UK BT ZRLT re Bl = BE IR/ DT EE,
HEAREMEAR R 38 SOX Fh 2 5 00T Re IR AR ML IX S % 444 Can: aTRg K
B ONRA AR R AR RS & WA ERHE R SRR E R . T,
JRLET 0T 5% 1 X 3 ) e 3 A [ 5 1 S AR i A

3.2 #ik PERNIKE = WO BT & BE R 3R

ARG, — B TR R — R SR, X T R UKE = W P T &
VORIV BE i AN . B E R S ER L T2 FY-4A, FTLUAE] 5min — A E X
WA, AEERITUKRE 2 T . R, R TR E B i S Bk
RIS, NMAR FY-4A L, @R EIKE A B E B ) AR,
W gL ER b TR UK = AU E B T

BEX RATE L AR MY 1) — R UK IR, FIR FY-4A R BT IKE = i 22
FHIEEEAS . 2019 4F 8 H 16 [ 15:25 th AR e 7 i Ik R AL VK8 5ot it 2k 35 R
P Ek, o X B )R BE IS 10cm, VKL B4R 30~50mm, 52 % i M B [ B 1A



BB RFERIT 40 43P EHLIX 6 ML BIARIRE R VKR 28, FECRIEYIZ %K
AR 15.1 Jiw, Al 13.1 JinT, SUFRIA 2.67 146, R A =GR T
HOAMK.

L 2019 4 8 H 16 H 13:30~17:30 (LTI &R/ FY-4A BRI UK
B TreJHEk, 133 rev To M Tiop EMMNIE ST, EESITHBELZERE, N FY-4A
PE b THaBIRGEE0RTS. HT 8 16 H 15:16~15:44 %F FY-4A L0t 1 7R
PERIE IR, 45 ) 3 TR N R G5 1R FY-4A =, iRk 15:30 9 RS
PEERIC, WG 15:30 (K T F0 rp 45 5

-60

(a) ——T, (b)
50 *$ 551 — Ttop a
P
-40 1‘= < 5ol
530 Lt 5
L L 451
Q ool ,”,i:ij )
= =~ s S
© - e &-
g -0 g
§ 5-
= 0f [
101 13:30 —e—14:00 |
——14:30 15:00
20+ ——16:00 —=—16:30 ]|
—e—17:00 ——17:30
30 ‘ : : -20 : : : ‘ : :
0 10 20 30 40 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00 17:30

Effective radius (um) Time (HH:MM)

B3 13:30~17:30 IKE = Tere 7341 (a) M Tiops To BERFIAIARAL ()
Fig. 3 The temporal evolution of 7-r, profiles (a) and Tip and 7§ (b) of hail clouds from 13:30 to
17:30
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Table 2 Early warning time for Hail clouds from FY-4A in comparison with actually
happening time on May 23, 2020
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Fig. 4 The day microphysical RGB at 11:38 (a), 12:19 (b), 13:38 (c¢) and 16:00 (d) on May 23,
2020. The purple lines represent the forward trajectory at height of 8km from 11:00 to17:00, red
hexagram represents the early warning by satellite and the green circle represents the hail events
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Table 3 Early warning time for hail cloud from FY-4A in comparison with actually
happening time for different dates at Shandong and Shaanxi
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Fig. 5 The day microphysical RGB at 12:45 (a). 16:15 (b) and 17:30 (c) on August 16,2019,

13:45 (d), 14:30 (e) and 17:34 (f) on May 21, 2020, 12:00 (g), 13:23 (h), and 18:00 (i) on June 24,

2020. The red hexagram represents the early warning by satellite and the green circle represents

the hail events
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