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Study on Raindrop Size Distribution Characteristics and Latent Heat

Structure During a Jianghuai Meiyu Event Based on FY-3G PMR Data

GU Chengming GUO Wenbo ZHONG Jian LIU Wenbo YANG Xuling

China Satellite Maritime Tracking and Control Department, Jiangyin 214431,China
Abstract: Taking the Jianghuai Meiyu rainfall event in 19-20 June 2025 as a study case, this
paper investigates the microphysical characteristics and latent heat structure of Meiyu rainfall
using the three-dimensional observations and the retrieved precipitation and latent heat products
from the Precipitation Measurement Radar onboard Fengyun-3G (FY-3G). The ERAS reanalysis
data are adopted for joint verification and mechanism analysis. The results show that Meiyu
rainfall is a mixture of stratiform and convective precipitation across different scales, primarily
originating from widespread stratiform precipitation, followed by embedded deep convective
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cloud clusters. The bright band corresponds well with stratiform precipitation. The upward motion
above the bright band promotes the melting and collision—coalescence of ice particles, so that a
cloud water accumulation zone producing persistent stratiform precipitation is formed. Convective
precipitation echoes mainly originate from low-level cloud systems, accompanied by vigorous
vertical motion. During stratiform precipitation, the scatter distributions of particle diameter and
concentration are relatively concentrated, both showing a decreasing trend with increasing height.
In convective precipitation, however, the particle concentration and diameter exhibit pronounced
discrete distributions, scattering toward larger particle sizes and higher concentrations at low
levels but smaller particle sizes and lower concentrations at high levels. During stratiform
precipitation, the ranges of particle concentrations in the warm and cold sectors are similar, but
some particle sizes in the warm sector are noticeably larger than those in the cold sector. During
convective precipitation, compared with the situation in cold sector, the particle diameter and
concentration scatter in the warm sector present a discrete pattern toward smaller diameters and
higher concentrations. The latent heat data indicate that the greatest latent heat release occurs near
the melting layer, with the greatest latent heat absorption in the lower atmosphere. At the same
time, a pronounced latent heat absorption zone exists within the range of 1 km below the melting
layer. The ERA5 data confirms the reasonableness of the FY-3G latent heat data, and their
correlation coefficient is 0.64 and root mean square error reaches 2.0 K hr-2 The statistical
consistency in vertical distribution between the ERA5 apparent heat source Q1 and the FY-3G
latent heat verifies the physical mechanism of latent heat release through water vapor phase
transitions in the melting layer. These findings can serve as key observational evidence for
understanding the fine-scale structural characteristics of Meiyu rainfall. Moreover, the revealed
vertical differences in particle size distributions of stratiform and convective precipitation and the
vertical structure characteristics of latent heat can provide observation constraints for the
parameter settings of relevant precipitation processes in microphysical parameterization schemes.
Key words: FY-3G, Jianghuai Meiyu, frontal surface, cloud microphysics, vertical structure,
latent heat, bright band
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TLVEME Y /2 AR T Z= KR G AL HE AR R OGB4t (T —IE45%, 2007), fEAEFERE
FHRFEE RN B R ENRAE, AEFMARKA G =S R E KK . BTN
XF I AR G AR PR G5 R R FE SR Z VR, AT B0 TR Q) SR B 2 B 77 00 i R e 7K Al
VB RE I RER AN S AR, DR bk B T A0 RS 414 PR AR it B2 7K 1) TR R 7 v e /2 S 5l
SR CRISHISE, 2014; k/NIASE, 2015), 2025 fEVLIEMGNT HAT AR SRR
AUEIRSE R EFIE, X L B AR RO 4R REHLER R AR T RAF I 9 3a ).

AT NSOV R R £ DX 5 R 7K R 2R 58 A B BRI 5 3 S 5 Tt T o 3 S R0 00 )
M HEEE (Chen et al, 2013; Wen et al, 2016), HbJEXUmIR K< 55 1A 9 2 B K Ty BEAIF
FE I T B, AR R BR T 48 7~ 20 b TR 32 HP IR 2 IR B /K TS BRARRAIE, SR X /K R 4t
T P I L A R AR RFAE IR o K, A ST (Chang etal, 2015; Wenetal, 2017)
I FH U AR Tl 725 Xof M 9 0 SRS 8] 194 e AR Sy B 5 R FTBE AR KRR EAT T 408, 2T 1
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FUFET G #e i E ARG ORI B G e . £S5 (2025) FIFHEK S BBUR
PRTE LA P53 AT GOREAN B /K R 72 i, BT T 78 AR T S T 2t 2 35— Ry i
S B K R AT RE B AR AE . 5 LA (2024) TP U415 75 125 AN R RS SCHR I Bk, 45
ERLF A REE, SR — RS RS BEARERAT T 08, R8T B2 =
RSB MR XA S & KERLT BEKR PR fdFIE. BmS (2024) 2T C
B BOSU  F IS R T SOV Bk, 4 HE— P FH T B L X 1 Tl B K R A 4y 20542,
Xt KRB oy R FATRE LUIAIE . et # 55 (2024) FIH] CINRAD/SA FEIEMLIN AL, %t
1 DX — YRR VAT PR S R ) T A KA B AR PN T S ) R AR M R a2k [ Y A AR
HBEAT T 43 HT. W EESCAE (2025) FETHEIT S BRI B IS ERIEHE /4 T8 & ) “5L
2R (2016) BREIEFR T R BRHE R AR . FROCIRSE (2025) EEUR B IR &
B Ka P Bt 3 2= 55 I M I B, R 25628 20RN 22 X #h i Bdidt AT 1 =3 B0 st A
SN, WS T R L IX UK 2 D ERRAIE . FRIC S (2025) T H A RURHR R S & IAFI%
FEFREAKL TGS EE, TR T = ra R 16 KB 2T S R 5t KR
JEEEFI = B IE . SR EESE (20260 A RO GBI AIBE M S U BOSRR R < 1A
SRR , A Bl 1 5 2 9 SR I 5 7K 1 23 AT AR ALE R O [ R AE AT T % L A #r e &
AN4E (2026) F=T-AbntHiX 2016—2018 R Z=FE AW I, ) — HEALSRE i AR X
B BURIRE IE, RGNS T T8N T IATE IR 2 FIRHAT 2 B K H 0 T 33 3% % 4 T 2 2501 S it
W

3 el R T B AR B A8 S AR i I ] % 3 AP e RS 20 KL TS5 S, (B WY
B 52 oty e B R AR AT AR IR, DA e R 7 g 5 T PR /K P SR Y TR, B TR i A e SR B
KRG H R TR RELL TR B . UHREMNEIRXM “Ea 30" RE. sl
ZAFEM RGP, BLPAHAS . RS R 1 6 B AR DL R 7 AR TR 3 o0 A, S B AR PAOK
Y S I RAL R DGR, Tk e A R U 4 M A BB ) o AHELZ R, B 3RBEK I
(1 TRMM. GPM K Fk[E FY-3G 1 PMR) BEMSIRALACTES:. 6 H =0 HFR I = 4 %
IREEFIILIN, B BRI S 26 8 T BT BRKSRAL T3 S DA S 4Tl B BT 2 25 7
At BOKHBHES] T 5 B I = 4B S50 TR B RE L 5B RIS AR C(lguchi et al, 2000;
Skofronick-Jackson et al, 2017),

TERIF TR BORMT e B KRR S B R HERI 58 D7 T, e R 1 (2018) JEF 2012
—2014 4 CloudSat P2 ¥, 4 fFH e s L 73 K1 6 AN LA LR & KO AR [l R
B, AT TP S s RITE A5 S BRE . R4 (2013) 4 TRMM W
M T 20dBZ T KT 14km (R E SCATRRNA,  FF40 4T T HAE M ZE KX (11X
WA F HASASEAE . Xu and Zipser (2012) Al Wang et al (2016) FJH TRMM % k}43 7 5+
B 78 KR T H ) 2R 7 0 R R B R 14 a2k B g 45 R R L PR R SRR EAT T 40 #T e
XIF (2015) X FY-3A RAKEF M IFRHERAT THRIF, K FY-3A RA/KIA™ i B FH 2
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AR, FREZ N FILHEM R SR 4K REMSH. mEAS (2017) FIH FY-3A L6 KA
JERRLF= i, SiE MK RGRIZ) 1450, STLHEME N RN RGEAT T3 IREL . 2
% (2022) FIA FY3C/IMWHS-2 Bk}, 1t — kLY (b B K fE, 72 S 1558 )
PRI (R BE il HEAT T A RAGAEIA [ A%, PPAL T HOX e R 2 1 119 TOUR s « g (2013)
FIF Cloudsat TR HHEA FY 1k TREEIRS, 7417 2006—2010 ALk X HER = R
AFEEAME. = REY . SKEY . R R/N AR RS 45 0 55 22 oW 3 2 (1 AR 4L,
PR, 4B T HE T 2 AR A M RFAE [R] B AR TLAR) LB B 7K B B 2 AT PRI D B G R o AR /N 5 (2022)
FIFHBRIG AR BRI 58 S5 b3 14 H 8] B Bd SR BB TR SR, R TR =
W SEBAR, EREWIKE =M HEARE, R FY-4A # IR TR &SN T — kK
B FE R IR E A . AR S (2025) SRA FY-4A 2383 3l UGG S v WL BEREAT
MO Bk}, R IR A8 2 A RS FAH S T 45 Geit 7 ik, BT T LR = e 3 E H X Ji
P SRREIK . T L UK =R R AR IE . MRNALEE (2025) 454 FY-4A DA
2 Rkl SBHGH RASHT M T 2023 SE QR “AETRPE” R IR B K AL ATA
HIVEBRFAE, VEAH AT 1IN BTG 2l 5 A b ROBERHAR 22 e b A [F) ZH 23 4510y 1 o e /K 38
FFIERI K R

BEXHE R B K R T “ B -0 TR A PR K 2R G A 3 A AR AE S A =
YR AT — SRl Al A, A SOk EX 2025 AEALMETAR T 22 4%, R FY-3G PMR
S R B ARV 47 iy, B TE T MW e R K IO SO B R AIE S5 T IS ), IR 45 G ERAB Bk
LW T SI0AE, MRRAISCRIE . AWFTCIZIE T FY-3G LA ZORMEME M 7T i S A
{E, FIH FY-3G PMR Bt (52 HAGI = iR =4t 24, TR E4ET RGi0 T ME T B
7 GRNRBK R R JERET FY-3G R, R TR K i RV
1 A5 PR HE B L 500 AR A AR A R IR, 45 8 D B AT YA R RO RS 40 S5 A SR AL T S B W)
TR, PR BT B A ST R, PRI S B T A G S B R B
PRV KA o
1 BRSI5%
1.1 #Rb

PMR & FY-3G FE/KM B MIAZ 0, B4 Ku fl Ka L, AR EE KA
FFBEAKERI . TR AL, FRifMfoAIES 20° , BT s E 0 #E%N 5
km, TE B HE 3y 250m. H, Ku Sk 0 8i# 20k 13.6 GHz, Wit R % 18 dBZ,
52 R KD R R ARS8 /) R MBS B 07 (1 2 S neR P, S0l o Pk S (1) = 44 % i e ) B
R, ASCR A S 2R AT Ku B I8 W S s ) o

T I RE TR RS () = 400 AN B FE 7L, R E X RS R 04t r
FY-3G PMRKuU BB 4™ i, A5 T 5eai kil Bk ora, =ZEmiERak. PRk sm e BR
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28 DA J S 30U A S 2 IR T Bk S o AETE T FE 5 T, SR IK) USTC-VPH ™ i (AT
Khr') SEBEA FY-3G MKTRIARY L2 BRI L3 B K B 5 7= it R PR 558 37 T FE W el i 3oL A
R R], ZEIEARBE KRR 0 51F, FAH5 45 B s A BR K = P 008 0 o A
T RS BN B 7K 2 (A 25 SR T F U R SR a0 ) 2 R S T AR B S M.

BT IR M TRMM TEARGIA K GPM LA, FY-3G £ 35° (1Ml HuE &
T, IR (29 30° ND) HA 5 m i SRR, A8 ) Fri 4 A R 1 v R
Wz BRI = 4450 . ASCEER A FY-3G B 7 HORs# A S k4T 2 S AR, i
G T LAAEIIF I PR T SR 26 DR R R e T 2 A B K B . SO TR FY-3G PR
FEMNER PES G OE M . ASCRYE PMR Ku 3 Bog it fids (REUE 18 dBZ), %l
B T SRR IS SRR FAICT 18 dBZ MRS R ZR, B LR AT 2= R R B A W A B
S

A FH R H R S o0 38 AR BRI BRI (ERABD H T T B 40 (¥
BB SR ST, BRI 5508 0.25° X0.25° , IR #F30y 1h, TEE
J7 T HL 1000~200 hPa 3£ 22 J=. SO H B ECE A & R 2 FRIR A . M EOd . Lok
Ky EEEKS BIBKFIRN KRR -

NEGAE FY-3G PMR W #™ dh & 3%, FETF ERAD BEEHTE T KAMAE Quo MLAWR
ARERTCEAE R I AT (0 R A I #Ad FERT S 7E AR N 4 A 7K Hh 3 2 9 AR T D ik
(Yanai et al, 1973). 5% H it B #2527

o~ —o@) 2 (D

XH: wAEEREEEE (A7 Pass™), p ASE (FA7: hPa), pp=1000hPa A%
SR, «—R/cp0.286, O NI CAAL: K)o Qp IFHF/RN KA IME, MERRE LR
o VMHERRAI G Kehr !, BT FY-3G 3R AT 0 HLIGIE .

SCH TR B RT3 AL s
12 XEEREXSFHFHE

1.2.1 BE/KFAGySHTT

AL HEBERH FY-3G PMR B 5 0= i 1 B KB 0 R85 e o %0 BT 1R HFLR
B G R R ZE DR ) 2 LA TS Sty RS 225 SR % 8 T 1 45 22 4R E R AT 41 51
CE TR A . GPM TR RAEFIRIGAE, 76 2RI MR B oh B Bk 5 — 5
P£ (Chen et al, 2025; kM55, 2025). SAE40M s —BIE L CAnAUARA A1 98 5 FE 5 [ 33 T
=) ML, B R X 4 2 2 K SRR K . Hordr, SR R 2 2 KR
ROGSEAIYE, FY-3G B 77 i LR AL b i, 8k T 0 (LI B ) N AN o 1k
1.2.2 AIX 5REX Lo brifk
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CT L4, 2007; 5K/NESAE, 20150, HERYHEE Y IUBSHERP B, B DX R U A M < 2
X, ABMAARS TR X . 45 & AR M) 850 hPa iff 3777 () /3 A RFAE, HEIX
FHEA B X 16°CER R4, I it JbM g X, B AREIX .
1.23 0CJE (RMLZ) mFEmf e ik

3L 0°CE (RME)ZED iR ok AP AN SRR : FY-3G PMR 447 it PR (Y R85
REEERLL, LLJ ERAS 4 SOk B 2 455 . W75 SO o iy, DA G E.
1.2.4 FFi%SH0E X

S TR S UE SN

(1) FEMBCFHER (Dm, A mm), RIACK FETHRE, & k7 H
A% o B A - 3548

__ [N(D)D*dD
™ 7 [ N(D)D3dD

Forpr, N(D) L1570 A1 bR £
(2) H—M#rEZ % (dBNw, Hif7: dB), RALK 7 BOREK, Sk5 IR IEM
Ky € SCNIREE Nw CRAZ: mm'-m™) FIREOER, DO U R B ENPIE 5, HikE

TAEET T LA dB R A E AT .
dBN,, = 10lg (N,) (3)
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1.2.5 ERAS P4 HRH 7% ILRAD

NORIE FY-3G LAY S ERAS o ot BH AT M, ASCR A BA R ULRCSENG : I []
b, ikECS FY-3G iR ZIC4n 2025 4 6 H 19 H 12:04) 5810 ) ERAS $& 15 545 (12:00);
lEE, ¥ 0.25° X0.25° Jp#HEEN) ERAS A% i B I A It 4l 4di{E 3] FY-3G PMR
R AR R R AR 2
1.3 EEWIERE

NEMVPAL FY-3G PMR 7= 5 EAR Y B e K 78 vh RORS FE 5 0& %, ASCR AT LA R 4eit
FEhRnt TR I 5 ERAS 225 it A7 i o EL G -

(D XA (R): WENAEIEZES Bk,
R = Lim (=D yi—y) (1)
SR E, 09
(¥ITTHRRZE(RMSE ) : H4L FY-3G 7 il S T ERAS Kl i) 26 0] i 22 CHA: Kehr )

RMSE = % no(—y)?: (B
(3) F¥fwZzE (Bias): 1Al FY-3G /it S AFE R G PE Al BURAE (A Kohr .
Bias = %zg;loci -y ®
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2025 4F, {LifEHIX T 6 H 9 HIERUAME, #HE (6 H 17 H) W52 8 K, MR
SEXFIR R AIE IR BRAGE FEANE . ASCGEREK 6 H 19—20 H /KRR, & 4ENMEE IR
KVC RS E KIS RS, ME RN B AR E 4R e KU FUF X (&) 28° ~32° N), &L
MERR AL RIAVRACE T —J04%, 2007). I FEHAE], FY-3G TEA P IRBUEN IS 17 &
TLUME IR, NIT R =4E K S5 R A it T BRI BEE REAS . R, iZMIER RS 5. 1%
7K 5 P VB T v 7 25 T THD 2 EL A T VAR R A S R AR 3R

AR B RTACAL E, B 1 45T 2025 4F 6 H 19 H 12:04FY-3G T2 HishiE Lk
IKERFER KRR 3 A, EERTEL, 2= BRKE 5 A0 B R B K SRR AR 059, JEA
N 10mm-h'BAR, XA K 78 25 A7 BT B R B K R B A X A5, O 10mme-ht BLE . [R]E,
GiitRW, BB R AEXHR BRI TR AT 1985 4N, & Btk E R 9749mm; KA
FEr KRR SA 9037 N, & m RiFFFE/KEN 15297mm. STZI RS A1, S
K b7 B3 A 18%, (5 ALK R 40%; 2 =B S A 72%, SR BRKER
60%. LA BHEI6IE T HE RN K2 B 2 B KR I K EEANF R TR &, He PR /K SR A /K
Pt ERER.

112°E 114°E 16°E TIS°E 120°E 122°E 124°E 10 112°F 114°F 116°F 118°F 120°F 122°F 124°

T AB NIRHIRIA T M BUHI L, CD ik afli& 7 i H 2.
P 12025 £ 6 H 19 H 12:04 FY-3G LEFAHHIE LK (a) FEAKBREER (b) BEKERY
Fig.1 (a) Precipitation rate and (b) precipitation type along the FY-3G satellite scanning orbit at 12:04 BT 19
June 2025
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Sp# (dBZ)

= " ( .",-,;iufw
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Y ; 9.7 ' s 153
LA E (20, 4R e ( i ng.
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e BHER MK X, TAERRE 2 FEK X
122025 4 6 H 19 H 12:04 (a) FY-3G PMR 2K+ (b) ERAL ZERHHE B FEId B 1 B4 (ay, by)
AB. (ay, by) CD [T H ¥

" RIGEIE (Pa se

50 2% 10
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x{miill

6 X 10*
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Fig.2 Vertical cross-sections of (a) FY-3G PMR reflectivity factor and (b) vertical velocity from ERA5 data along
lines (a;, by) AB, (ay, by) CDinFig.1 at12:04 BT 19 June 2025
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BRI KA EAS . WA IBASRTFIEESE, RS EI IR K E =
IKFEHE IR At o ELUKK S EE K SRR K 2 BAREE T KA UK R T TR 7
BRI K S8 FF0HE 20, IR REK (RREXIED FZE K (LHEXIED,
FIH ERAB BERL3 5l 1 Xof N F1 T o

K 3 EoR, BEE AR, B AR B “Cm vk ib T —rh e SR — RS &
TASK—RZERAK”, BHIE T FY-3G PMR [E7K7™ 5t AT SE 1. 456 18] 2a, St K 1 2k
BT B K ARRAE : 2 2 K X T = 0K S = ARME (Bl 3¢, RPMREZED, W
BRKCEFENAT K (B 3dy); SRR XK 280K & & EE (B 3cy), KR = 7,
EHR K AR (B 3dy), HEULHENT, B 20, Tk E Bk EH o hilEsK, 58 Fie
F) (B 2by) KA /K fs T, T8 ROb T 5 K

i ERNIE, JE K XML K XA 3R BT 1) R AR A AR — B S B
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Fig.3 Vertical cross-sections of the contents of different particlesin (a;—d;) convective precipitation area
and (ay,d,) stratiform precipitation area along line CD in Fig. 1 at 12:04 BT 19 June 2025
(a) specific cloud ice water, (b) specific snow water, (c¢) specific cloud liquid water, (d) specific rain water

3 N B T AR

3.1 BBk SRR BRLFRIE T

R 2025 42 6 H 19 H 12:04 FY-3G L EHAFHNIE LK A0, T REE =
B K CZREBA R IXD) R4 B /K (R ERARZIX) (1 08 X 38T R AR i 7L (B 4D
FEUHNZE, BTRaBKER, FkEhHgalXa s —80E2BK: xR
Bee 7K B 5, A DASRAE 380 A — S0 0 IAE P/ (R R0 X 3, 81 b v g 2 € ) 51X T
T B BRI IR K, TEIXFPR A B K X 55 2 2 B K ARRAE , RITAT $ E 30X
TR K HHRRAE o

- 2
112°E 114°E 116°E 118°E 120°E 122°E 124°E

Kl 42025 £ 6 A 19 H 12:04 FY-3G LEFHHIE L1 KR AURIRAR X
Fig.4 Precipitation types and sampling areas along the FY-3G satellite scanning orbit at 12:04 BT 19 June 2025
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