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The study on a retrieval algorithm of multiple hydrometeors based on passive
microwave observations from the FY-3F satellite

MA Xinbin', LI Xiaoging?, WU Banghai’, WANG Yu"*, XI Jing', ZHANG Juecheng', WANG Fugiang'
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3. Aviation Industry Corporation of China Leihua Electronic Technology Institute, Wuxi 214063; 4. China Meteorological
Administration Xiong'an Atmospheric Boundary Layer Key Laboratory, Xiong'an New Area 071800)

Abstract: Global cloud and precipitation data derived from satellite-based passive microwave sensors are essential for understanding the
formation and evolution mechanisms of hazardous weather events and climate change. Focusing on Micro-Wave Radiation Imager-1I
(MWRI-II) onboard FY-3F, China’s new-generation morning-orbit operational meteorological satellite, a retrieval algorithm based on
Bayesian theory and a highly representative and physically accurate prior database is developed. The algorithm retrieves surface
precipitation rates and vertical profiles of multiple hydrometeors, including cloud liquid water, rainwater, and ice water, and is further
validated and evaluated. The validation results based on simulations demonstrate that the proposed algorithm has very high accuracy, with
the mean bias of the retrieved physical quantities and reference values of any hydrometeor being within 10 g-m™. The comparison of the
retrieval results based on FY-3F measurements with FY-3G Multiple-Hydrometeor Profile (MHP) products and Goddard Profiling
Algorithm (GPROF) products of Global Precipitation Measurement Mission (GPM) shows that for the statistical analysis over China and
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its surrounding regions during May—July 2024, the spatial distributions of the three datasets are generally consistent with correlation

coefficients above 0.60, reaching up to 0.83. In addition, the relative biases between the retrieved parameters and those in the MHP

product are all about 10%. Note that the algorithm does not rely on any other auxiliary data and can provide technical support for the

operational deployment of the cloud-precipitation products for FY-3F, while also being applicable to passive microwave radiometers with

similar channel configurations onboard other Fengyun satellites, thereby offering significant potential for future multi-satellite

collaborative observation strategies.

Key words: retrieval of multiple hydrometeors; FY-3F satellite; passive microwave; MWRI-II
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AR B O KRR o il SO K B i
ST 55 W AT b, 2R I8 R ST O P i S O R, S e
BRI 1 S WSOl 5 R AR T S5 (Stephens et al.,
2002). 1M B 7K EE 45 BT 1 Bl A v ORI, ) 2 3K B0 XL
T ARG K S A PR Ee 1 R4 B Y G HE (Stephens and
Kummerow, 2007; Hou et al., 2014), {H2&, M EiXl =
WA K VKoK B i ) B K S AR AR 0 0 BN FAT A7
TE .2 A& (Stephens et al., 2002), 1 5¢S A9 A #f
8 MR IE S AR U A T 5 B E R B LR 22
i) 25 B Sk IR (Stephens, 2005; IPCC, 2021; JFEJK i 4,
2019). B, = 5K 23k o A B sBURE v ok 4
BR A 5 WL 248 (Global Climate Observing System,
GCOS) F1| hy B A fige A w5, AR HUH: g 8 0L 25 4
C 1k bR R B 8RR 2= A S8 S5 (GCOS,
2022),

X T3R8 BN 7, A LT AT IR RN £ A ik B
HEEIRIM = 105 8 H 5 R A S (27K, 20195
Kidd et al., 2021), # 3/ {0 90 7515 K A i K =
JE 23 e 1 O R SRR LA 3K = FIK S 80
B F B Z— (Bt o 45| 2024; Rouzegari et al.,
2025; GKPEPESE, 2020)0 A BEEEAE T A R
TRt 88 0 XA [ R 25 R0 RUBE 1) 7K B A EL A o 5
I o FEARAREE (41 10-37 GHz), 2 25 /K 1 7% A9
I SHE 5 TEAR A R M P 50T R B Y
“HAVELAN, H AT SN 25 W AR TK S P TRIREE 7K )
T8 (2= &, 2021); 107 76 55 43id GE (0 89 GHz M LA
), MUK = )2 KO RL A ROEEAH S, BRS8N S
B4R LA AT 8 A R 53] e X 3t 2R e % s i o 1T A 7K
(B FAFAE (Spencer et al., 1989; =5, 2023).

ST R RO, PR B A 20 22 70
AEARRAETF RS 1 5 B R B Bt 2 5l 55 Akt
o MEE Nimbus 7 1] T3 5 2000 B+ 43 16 il i
9571 (Electrically Scanning Microwave Radiometer,
ESMR) 1 5 #§ =X Z i & 7 9% 8 44 i1 (Scanning
Multichannel Microwave Radiometer, SMMR), %] 2025

AF H A BB & S e s A R 91T 3 (Advanced
Microwave Scanning Radiometer 3, AMSR3), & 7% fik
W S AR AR 5 2 ] 43 R O TS W f Ak,
R AER 2 MK W I AL T B JE R (Levizzani
et al., 2020; Kachi et al., 2023; Liu et al., 2023),

T ) B A AR AN Y TR R AL B, {H i
JERGH , FY-3A I FY-3B #4528 A W A9 30k siig
% T % (Micro-Wave Radiation Imager-I, MWRI-I), 3£
BT NTE BN (5 (Yang et al., 2011). B4 FY-
3C KSRk g5 LR ETT, M B e bn iR, B
T AR B B s i B E R T, R A A
GMI 55 [ Fr 5E fE AL A5 A0 S 9 I B8 T (Zeng et al.,
2019; Zhangetal.,2019; Wuetal., 2020; Fuetal., 2025),
AR, Bl BRI & H R FY-3G & 5T, FRIE
O 25 b ke 22 B3 B () A 4 BRI 44 R, R 2= 1
Bk i 22 ROBE W IR AL T 32 5 9848 U5 (Zhang et al.,
2023), VENIZME R BB —A EFPUE LS A, FY-3F
T 2023 4F 8 A 3 H ALY, B8 H) MWRI-II 7 487K
MWRI-I G B4 0 2 Al b i — 20 Pk 1 0 = 4
i 1€ 7 K (Yang et al., 2024; Tang et al., 2026).
ZERHREH FY-3 250 HAL TR DK SE [ M Kb
T KA % #JR) (National Oceanic and Atmospheric
Administration, NOAA) £ %1 LR M Z 55 T
/2 (Meteorological Operational Satellite, METOP) 2 A,
BRI RS, R A RS IRIEHE 4 h W30 4
BRECHE A 55, REWE ] T 0 35 4 s A R AU R Al
HIHERAYE (Wang et al., 2024), H A& A R I IR
R FY-3F/MWRI-I 7E B R 3 | 557K 2 K 2 I
PEEnA TN FH (Yang et al., 2024; Chen et al., 2025),
< I A M3k 2 G I o T FE (B . HAE = R
IR SELE T T, 1 B 2 B H R G S8 1, iR
o JE T P SR R 1) R B, AR I T
A 5577 i o

BB S IO 2= B K R T B vk 2 ] A S Se it
7k WO R X -Gt M A A ik Sk
(Kummerow et al., 2011; Liu et al., 2022), H:/, it
SRR ENE 58T (Spencer et al., 1989; Wilheit et al.,
1991; Weng and Grody, 1994) m¥ #1 #% 2% 2] (Manfred
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et al., 2018; Chen et al., 2019) F* Bt % F K £ VT fig £
AN SR SRS R . B
BRI S R B O A R R B, B0y
Pl = WA A P BRAIL I S, HR RS B ™ AR
TINGEARCEM ., ML, Y kN T
RO R S L TR 5 5 = FIREK Z B B )
FHEK AR (Bauer and Schluessel, 1993; Boukabara et al.,
2011; Chen et al., 2025), {HFE K ERHIHE, 1H5A
g H R ORI R RS R E R, SR —
TE BB A1 TR TORG BE o e 2 07 vk 1
DL, -Gty iias Az o Herb, DUk By Bz
ARAE R w50 B B T AR T2 —
(McFarlane et al., 2002; Kummerow et al., 2015; Kidd
et al., 2021), 3 3 {5 ] — ML B R 5 < 2 /B K -BEALL 52
T S 30 B e 3SR S A RN SR R, OB T
DU BE TR S SRR, S A SR = FRE K 1
flitt o EAILREHE AL 2 B K% (Surface Precipita-
tion Rate, SPR) [ UERf A5 11, W BB IR A [ i 15 2 = W
AR VKK FIRN 7K 85 22 Tk B 9 1Y) 35 B R0 4R oy A
(Utsumi et al., 2020), 45 Bh T H fift 4% 4~ B K 2 4o J AR
B, DL S R K AR (2154355, 2017)
YT, AR CEFEE X FY-3F T2 T8 48 i
P AGAL MWRI-IL A g 451, At — 5L 7 DLt
Hr Dt P Z2 ol oK E ) £ 5 b 3% A K R R TRk
FF XL AT B0 0E DL K ) I e 235 R i AT PEA, LAY
RN z5 RS AR 5510 7 i A R B R S 4

1 DEMSE KRR X

1.1 DEMNSEREE

FY-3F/MWRI-IT & — #4147 22 /4~ 18 Y [ 6 47
WS FE T, HER A S M 52° 45 4 . Bk
b —4% MWRI-1 38 38 3% & ) 5Lk b, 3 T 50—
60 GHz i Bt Fl 118 GHz i Bt ) it B 4480 38 1, MK
T TAXES B A BE T . Wk 1 R, #F 10—
89 GHz # Bt & 9 WAL, DA B 3 H (V)
FIAE (H) BURALWLINGE 715 7 118 GHz BEE. 4 /il
W, B AL, AT TSR 2024 4 5—7
HW) L1 9% 23 38 4% i 7= /i (http:/satellite.nsmc.org.
cn/), 177 b BB S I [R)AS | M EE 45 SR . 5
DA R i bR R AR R, B R A 2 28 N BILIE S
4, FERAEFS Y23 (] 3 BN 10 km EHEF], 2025),
1.2 EREEENEE

DUp37 iz 1 480 (Kummerow et al., 2015) A%
fE T #E— N HA BRI AR By
— U R SR I R I, LT B T R 2
FTERRTE

— R, WSS AR R A S, B ek 2
PR 1) B A 2l IE SR . X T ARSCN F, HiFk
Y ELIRAS ) 5 AT 43Ry b 3R M KRR SE A B AR
KBV LM R, Hrf, RRAETRTS
BOEAR IR B O 9 R A T4 o0 (European Centre
for Medium-Range Weather Forecasts, ECMWF) & ffi
(55 FAR P40 BT % (ECMWE Reanalysis v5, ERAS)

% 1 FY-3F/MWRI-IT BEH AR S
Table 1 Technical parameters of FY-3F/MWRI-II channels

UM% /GHz WAk A SE/MHz  $3RFE 8 B/MHz - REUE/K SR RE/K 23 [ 209 /km? FER
10.65 V,H 180 10 0.5 0.8 51x85 PR SR MK, Fili
18.7 V,H 200 10 0.5 0.8 30%50 HETREK, FhaR
23.8 V,H 400 15 0.5 0.8 27x45 PRI IR B
36.5 V,H 900 20 0.5 0.8 18%30 Rk, Fie
50.30 V,H 400 25 0.5 0.8 9x15
52.61 V,H 400 25 0.5 0.8 9x15 B
K. BEBW. K. gifbZE
53.24 V,H 400 25 0.5 0.8 9x15
53.75 V,H 400 25 0.5 0.8 9x15
9.0 V,H 3000 25 0.5 0.9 9x15 PR b DX S K | RS, i
1187503432 V 2x500 25 0.8 1.2 9x15
118.7503+2.1 V 2x400 25 0.8 1.2 9x15 B
7] ] v O = e
118.7503+1.4 V 2x400 25 0.8 1.2 9x15
118.7503+12 V 2x400 25 0.8 1.2 9x15
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(Hersbach et al., 2020), i% %} 1T #1241 D\ M 7 22 755 25
() 37 J2KE A0 AL KRR R 2R . H R IR ) 10 m
37 55 DG B g, W] Ry e 1Y) R O A% AR 4R A
1 R 5 T S AR T R R K 5 e 2
TKEER) ) B3 A7 A7 2 R Ak TR Rk WL 3
X1l (Global Precipitation Measurement Mission, GPM)
[ X 3k FE RS 2k B JK I T8 5L (Goddard Profiling
Algorithm, GPROF) j= /iy (Wentz and Draper, 2016),
Y& B 4t 5 de 3 U i — Fh Bl 2 s S e A,
i T s WA K F it (Cloud Liquid Water
Content, CLWC), 7K (Rain Water Content, RWC)
VKK & (Ice Water Content, IWC) 55 £ Fl /K 5E W)
T IE R, A AR ARN T BT R B
PRESFPRG AR D7 T A 2, HOKP 20314558 11 kmx
18 km, I B J5 7] -3k 28 2, 7 10 km PLF 73 HE4%
0.5 km, 7£ 10 km A=} 1 km,

B, LA GPM/GPROF 7 it 73 B3 R b, i iod
2 DG S0 79 25 5 40 8 R AT Rl A I [ DS Py T
% B F] ERAS Bl if ] 73 #4001 h, S GPM/
GPROF 14 3K fe 4% 11 1B s U AR E L W R IR 4k e
Hb R S HIEAT I [E] DL PC; 25 6] |, B GPM/GPROF
Xf AR 2R BT TERY 0.25° WA £ 4 FE 47 DL I ; 723 B 7
] b, SR P2 VA8 (8 ) ¥ 4% ERAS B 4 85040 14 (6 2
GPM/GPROF X Ji7 i J¥ .

TEm 2 8 56 b, AR SCIE I B IR Rl & 8Os 2015—
2019 4F ) B2 i [ SR i X (70°—140°E, 10°—
60°N) UL A (2 10° 5%), LA 58 B AR BLAE 2 X 35k
145 Bl L S BB LRRAE . %5 183 GPM/GPROF 7=
an AS B A REAEAE SO R 22, WO T ROk 5 B IR
AR — 2, T — 728 73 7 vk X 12k S R A
IKBEV R SEAT IR AL, (S GMI WL 25 5 5wy
4 (Yin and Liu, 2017). X BUF5 248 K 02, % 03
J5 1 1 1R IR 28 ) A A A Ll ] T X
FY-3G T & BT #5 4 1 T i A8 A - 7K 3 (Miero-
Wave Radiation Imager -Rainfall Mission, MWRI-RM)
(IR K S SEA EE, IR TAREFIRCR (Wu et al.,
2026).

AR SCRLIZ b R ) IR 785 1] R 0H e SEAE A
I - 1 717 58 5 A% A= MWRT (Liu, 1998), £f
X MWRI-IT F9 38 38 45 K TUART S 5GHEAT 1 AR 9 1E
TR PP TH AR, DT A X0 07 14 %38 30 5 UL, 1 a2
ST BP0 . H 98 218 B MWRI-IL A1
() S B0 E5 e 2, DT R Jig 8 55 DT i 30 e 3 1Y) s i
SR AR AT SE A SEIR AR

1.3 IR E&EZX

AR ST BT 1 B K SR AR i R BE AR LA e =
WA K AR KOK & i 3 Rk, Hoh B4 7 )2
5 GPM/GPROF j= iy —%( . HTFAXEEMERER
FH VLA S b 55 7= i 19 oz 8 B, 0 A i A
A% MWRI-L 523 o AR H8 A% 5298 1 DL 1728 =X, 6
45 78 19 FH MWRI-IT 42 3505368 38 5 I 2H B 1) 08 00 ) i
v, TR A 7K S0 e (B SR KR RK D)
JERER) (3B AA E(x) AT AR R A (Wu et al., 2026)

E(x) = Lm xP(x[y)dx =

+00 iP I i)
[RCLILCII 25Ol "

0 * P(y) ) Z.P(ylxi)

Horpoe 2 B8 R T S MRS o T P(ylx) R TE
98 7 x, 25T UL B y (1) 5P RESR, e y 5 e X
()5 T H () 2Z ) ) A 26 DR o A 122 Ot 22 2% T i 114
HLAR s 3 oA, DU A B2 AE AT LA 7R A (Kummerow
etal., 2015)

D xexp(=0.5[y — Hx)I"R™' [y — H(x)])
> exp(=0.5ly = Hx)I R-'[y - H(x)])

oAb RN 22 U 7 25 06 P

TESCPR R R T, 2 R B 2% N H RS
SRR, BOKE T SH 43 IR SR W TR R
Vi o b R v YR AR DX I, R 2 500 m), 4351 e
B rhORH B DX S8 R Y AR R A T B T . AR AR
S ROKBEER LS5, W] HE— 2058 ot i B ARy, RIS I
XTI AR FR 3 i = A 7K 4% (Cloud Liquid Water
Path, CLWP), Fi/K 4% (Rain Water Path, RWP) Fl17K
JK 4% (Ice Water Path, IWP).,

2 HiRWIES RIS Rl

2.1 EEWIE

AR SCN S HRHE P AL 80% A AR Ry £
DL 37 52 3 T 5 50008 P2, TR A% 20% O FEAS #4 ) 3k
2 AREAT I 05 BIRE . B 1R T sl K,
TR, VKK A B i 3 [ K S5 A S 3 45 SR 5 3k 4
S A ENEUE S EX . BRI, 45 R0 s s (E
YR AT AR T . R, BT
N RIEAE, & SHW A R B (R) ¥I7E 0.96 LU
b, K EEY R i 9 4 5 AR 2 2% (Root Mean Square
Error, RMSE) ¥\ T 50 g'm 2, Hb % 47K % RMSE
WA 0.5 mm-h™'s MELZ T, ZFfiHh g 22 b 3¢ & Gt
RIG R, S 45 ) RMSE WA THE, (B4 2500

E(x)=

2)
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Fig. 1 Density scatter plots of retrieved versus reference values for (a, e) Cloud Liquid Water Path (CLWP), (b, f) Ice Water Path (IWP), (c, g) Rain Water
Path (RWP), and (d, h) Surface Precipitation Rate (SPR) over (a-d) ocean and (e-h) land regions (The color scale represents point density, with red

indicating higher density and blue indicating lower density, the same hereinafter)
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Fig. 2 The (a-d) reference values, (e-h) retrieval results, and (i-1) density scatter plots of retrieval results versus reference values of (a, e, i) CLWP, (b, £, j)

RWP, (c, g, k) IWP, and (d, h, I) SPR in oceanic precipitation systems on July 6, 2015
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Table 2 Mean and standard deviation of key parameters for the proposed FY-3F retrievals, FY-3G/MHP, and GPM/GPROF products, along with the spatial

distribution correlation coefficients between each two of them

BIEHhRiE2: LB 314
JRIESHL
FY-3FSLHER FY-3G/MHP GPM/GPROF FSF{gé/FI\XI?IP G}fl\i;églzim Fgﬁﬁggggs
KRR 0.186+0.160 mm-h'  0.203£0.171 mm-h™'  0.213+0.177 mm-h"' 0.67 0.63 0.66
KoK AR 39.3+33.8 g'm™? 44.7+34.6 g'm™ 53.5+40.9 g'm™? 0.60 0.63 0.61
7K AR 43 4+36.4 g'm™ 45.5+37.0 g'm? 60.9£51.1 grm™ 0.73 0.73 0.72
BWASKER  53.9+29.1 gm? 58.3+32.1 g'm? 61.2430.2 g'm™ 0.83 0.82 0.82
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