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Abstract: Based on the cloud products from FY-4A satellite and the raindrop spectrometer data in

Zhejiang Province, this paper analyzes the characteristics of summer precipitation and its

relationship with cloud parameters from 2020 to 2022. The results show that, according to the
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precipitation intensity, the occurrence ratio of moderate rainfall (0.5-2.0 mme<h™) is the highest in
summer in Zhejiang, torrential rainfall (= 5.0 mm<h™) mostly occurs in the mountainous areas of
southern Zhejiang, and the occurrence ratio of convective cloud precipitation in this area is also
the highest. The relationship between precipitation characteristics and cloud parameters is
manifested as follows: The probability of light rainfall is highest for water cloud and cirrus cloud;
supercooled water cloud and mixed cloud tend to result in moderate to heavy rainfall; ice cloud
has the highest probability to produce heavy rainfall, particularly rainstorm; and stratiform cloud
has similar precipitation features to water cloud. The average precipitation intensity increases with
the decrease of cloud top temperature (CTT) and with the increase of cloud optical thickness
(COT). but its correlation with cloud effective particle radius (CER) is not significant in this
study. The combination of two parameters (CTT and COT) demonstrates the gradient variation of
precipitation intensity and its higher sensitivity to COT, with heavy precipitation ‘more likely to
occur under low CTT and high COT. Incorporating CER to construct, a<threesparameter
combination further reflects the effect of cloud droplet coalescence efficiency on “precipitation
microphysical processes, leading to more precise precipitation estimation. J€onvective «loud
precipitation has the characteristics of lower CTT and larger COT>- compared with stratiform
precipitation, but the stratiform precipitation is often accompanied by, conveetive processes.

Key words: FY-4A satellite, raindrop spectrometer, precipitation eharacteristics, cloud parameter,

correlation analysis
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Fig.4f Distribution,of laser precipitation particle spectrometers in Zhejiang Province
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Gt B FEH XA RS R H IR (R L. WLEZE, Wi H I
B (39.58%), “FHREKGREZEN 1.11mmen™, HUCONAR (23.11%), “FHFEKREN
3.18mmeh, NG AR T AR Y (3908 18.67%), “FXIRE/KTRE S50 0.32mmeh™ i
15.42mments PUANHIEIX ELA T &5, T Lkt B 2 W A AR R At b [X 5 g, YA 5 85 ¢

TN R AR B, T T SR R e 22 b T S K R P A A v
1 20202022 EE ST AR X R ERRE KM B IR (B4 %)

Table 1 The occurrence ratio of different precipitation intensities in different regions in Zhejiang Province during
the summer from 2020 to 2022 (unit:%)

HuxX /N R N e
WAL FER 18.66 39.58 24.81 16.95
Wirh & 17.86 38.45 24.29 19.40
WiEg 1L 17.16 38.63 2271 2150
R 21.22 41.76 20.75 16.27
W2 18.67 39.55 23.11 18.67
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Table 2 The occurrence ratio of different precipitation types in different regions in Zhejiang Provinge during the
summer from 2020 to 2022 (unit:%)

HX Xt = Bk IRz BEK Ff e K
HrdLF s 5.05 39.63 55.32
Wi B 7.07 40.32 52.62
WiEd 1L 7.67 38.93 53.40
I S5 551 38.35 56.14
T4y 6.42 39.32 54.26
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Fig.2 Variaton of precipitation occurrence ratio with FY-4A cloud parameters in different regions in Zhejiang
Province during the.summer.from 2020 to 2022.
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BT EiRmZ @A, @l R IFAE R KA (CLT) i B /Kt B A — & R AE
TER, AFZER B A AR e B AR R K . R 3 Guvt T WL AR X R A =2
R IR . SRS, K BINTE FHIRZ MR (61.7%), HIKASAKE
(13.75%) ARG = (12.67%), MKz (3.16%). £/Z = (8.06%) M (0.66%) 1)

B AR

7 3 2020—2022 FEFEHTETRIMXAE = LXBWHIIER (BhL: %)
Table 3 The occurrence ratio of different cloud types in different regions in Zhejiang Province during the summer
from 2020 to 2022 (unit:%)

WX Kz WA KE BES KZ B ZEZ
HrEF I 367 20.98 16.50 49.46 048 8.91
i gt 3.09 1472 12.21 62.60 028 7.10
TR Lt 238 9.07 10.46 67.82 051 9.76
TR 366 11.88 11.90 65.42 1.40 5.74
WA 3.16 13.75 12.67 617 0.66 8.06
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T ZH XA S A RA KRS, KT 2D Tk A SO0 R X . i
B L B = AR B, RIBRIRIIK = A K E ARG Z N ERAR, RUIHTEG L
W= REEE NS, =g e, A 20 A B T Uk R M R 8 .
HEHIR G Ak, HAR B R R B IR AE DU AN X h 40 T oK, 302 i T it
XA T A6 SR R L 2 T8, 2 SRR 1 AP B 1 1L il 368 PR RFAE o VR B 05 10K
= MBI B B = MR B m T H A X, 1M 2 2 2 (6 H TS 0 10 A4 Hb X 5
%, RV BISFEFELNRE = ZoAE, JFAERFEERSASE ST, SRREHES
SR RDIRAG 2 8 5 T 4EFE, TS — (KM PE 300 T B A5 2 2 = S AR AR T o
AR BB AAEHX R, H B 510 S HURER K X BgE ASHLE . %
AT THNL B AR BB N CTT. COT Ml CER misife. I3 ok A DR it s
Kz RETFNKER, CTT WK, COT Ml CER NLZHIH K. &H=MBE=MEN
COT ¥ A5/, CER¥JELN, CTT NN TREG=MIKaR ], Xl THEaMEZZad b
FERrCERERN, SR PEREFMESEEATREE FER, HIEHUREN CTT

Becbr e RIS, 2024),
* 4 FEI=ZEBT CTTy=C€OT 1 CER B S 55i{E
Table 4 Modal values of CTT, COT and,CER for different cloud types

SH Kz JURts) &= RER Kz B ZEE
CTT/C 3 =9 -21 -55 -40 -31

COoT 31 31 34 45 27 27
CER/um 17 19 21 25 27 23

® b5 WGt TAE RPN BATEEAKRHE . SR BN, ARz A KAt
DTk ZE e S KRR PR IR e, 2005 R KRR 2/3,  HILFKGRE
PR T AL S M, RPT R T K EEZRE T RA —ERE MKz, HIKH
HRETE SRR KRR ER. LR U3 WFKFEAS, BIEFEoRA TR KRG =,
P PR B K S R AT T, T P K R BUIR B I Z R = 26 5 K 2 W 2 2= K
MITTEkEDN,  H = K am B ARG IS . NEKER ARG, PRAEARF
mRMGFBUNFK T BRI O fem, R W 2 B e e R K S . K
mP RN R R AN B, R K SR G K EEEPAERRIRW, ka7 A KR
Rl e B W ML NPT 2R M b i, 6 B RK IR R AR, B KRR IE R I B
AR R AN, BRI MR B AR T, XA R TS a A A NN S AR S
WA SRR, 22 MR 5K IR B ARAE, T 5 EJRUKAE =
TEBAK R =GR, KU HRE KGR Z il N RRK S 5.
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F5 PEIZABITREKEISNE, FEKEE D ERTEFREK Lz
Table 5 Frequency of precipitation occurrence, median precipitation intensity, and frequency of precipitation
levels under different cloud types

ZH Kz HAKE BEZ Kz Br 2R
R /K AT 1% 2.82 15.17 10.51 63.81 0.61 7.07
[ 7K 5 FE 1 (mm/h) 0.97 1.28 1.33 1.73 1.05 1.21
N R A% 2259 19.14 18.68 14.22 26.26 2452
R IR % 42.76 42.94 45.08 36.83 29.29 43.78
K H IR % 19.08 2331 22.22 26.38 23.23 18.04
W IR % 15.57 14.61 14.02 2257 21.21 13.66

ik, KRB (CLD) fERFRFEK LIRE N EERGESE, B46 PERSH
AOEBARFAE,  AEW S R IR TR 2R S B KR R &R

B—TERZSHAEMN AR W —TTHRAE, HE 24 =S B00A D s 5 e
W = MK )R &R . B R IUCRIE S KR (CTT) M= P& /KRN COT) MMt
ZH, it ZE X KSR RIS, B CTT I COT S H0sm Y 4 /KM B 1)
WO, AT RUR IR KGR B A R B 2 R (8] 4D 924 CIT R§:-35°C H. COT /M T
351, FHMKIRE /T Immeh™; 4 CTT /+F 0~-65°C H. COT /i-F 35~55 I, “FIjpEsK
SEFEZIN 1~2mmeh™s 24 CTT/NF-35°C H COT AT 550, “FHf#/K58E% KT 2mmen™ B
BEA COT MMy KRR FEW s JFH, ZaMARKAER, COT WESIEME CTT B
B, RKIANY COT /MT 55 I, B CRT UK, Bk EEANAERrFE RS9 /KF, T4 COT
KT 55 J5, FEKGREERE CTT A g’ it — Dl BUSt o R, A
COT XIE W, HASH/Ay CTT X130 AIRE /K5 B2 22 E #4908 0.75mm h™ % T fEAH A
CTT XA, Ay GOT X [AINR H Fe /KR B 22 (P10 1.63mm h™ 3 R ER
FEXT COT AU &= T CTT. CTT Al COT XSt ISR I T = 6 L 45 5t Ff
KRR EEAE A BORK) COT BEMRE N EAEZHIKIRHaEHERZER, AR
T R E S BRI A A R B KRR B4 10 CTT WHR/R T Z R RS,
FERUK COT 24l b, CTT B H fERE R 2L ETHEsh, AR T =k ripugigk, —
I R AL MAERE T K iR AR B 22 57
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Fig.5 Distribution of median precipitation intensity under the collaborative infltenee of CTT, COT and CER

2.3 DEZSHEIREKERMEX I

H RO TR = AR = B K PR RS HURE . B 6 SISk th AN A = 25 1Y
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Fig. 8 Distribution of occurrence probability differences between convective and stratiform precipitation under the
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Fig.9 (a) CLT, (b) CTT, (c) COT and (d) CER at 16:00 BT 5 June 2023
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