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Abstract: Abstract: Based on satellite observations and the community radiative transfer model
(CRTM), this paper evaluates the simulation results of three cloud microphysical schemes (Morrison,
Thompson, and WD6) aiming at a heavy rainstorm process in the middle reach of Yangtze River. The
heavy rainstorm once occurred from 29 June to 1 July 2016 and was brought by the clouds moving
eastward from the Tibet Plateau.The results show that compared to the high-resolution fused satellite
precipitation observations, the three cloud microphysical schemes perform very well as a whole. They
all successfully simulate the beginning, developing and the maturing stages of the rainstorm, of which
the performance of Morrison scheme is the best. However, the three schemes have greater uncertainties
in simulating the solid hydrometeor. Relative to the ERA5 cloud cover data and the brightness

temperature observation from Himawari-8, the three schemes overestimate the high-level cloud cover
1
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but underestimate the mid-low cloud cover. Compared to the satellite-retrieved cloud products, it is
found that the downward shortwave radiations (SWDR) simulated by the three schemes are smaller in
the rainstorm area due to the smaller contents of cloud ice and cloud water as well as the larger cloud
effective radius (CER). Furthermore, the initial field water vapor used in WRF model simulation is less
than the GPS atmospheric precipitable water in the area of rainstorm (i.e., eastern Hubei Province).
The error of extreme precipitation simulation is the result of the combined effects of
thermodynamics, dynamics, and cloud physics. These findings could serve as a reference for the
evaluation and improvement of extreme precipitation simulation.

Key words: brightness temperature, community radiative transfer model (CRTM) , cloud
microphysical schemes
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KAL AT T IX 52 22 RS 2, AR K 32 B4 TP ey, SR s K
s, 6-7 F, KILHIRMEIT % 2 MILE R, BT G IR VLR 1 3 4
AT, WORRMER . MR R AR 2 AT AL HE I BB B, M R S ) A 11 R
e 7 AR o 465 R RV TR U Xl ke P B IRk T, 4Ry At iE BRI R,
I U N BT A B AR I 7 22 A (e A, 2022 BRAEIRAE, 2023 MERAE,
20245 FLUNFESE, 2024). HEFER R & R4 R A S R & R AR EE LA KT
TSR, A SRR = B KR R 1998 4F 7 H KT K5
WAL EEYR&MZ — (Zhang et al, 2021; Zhao et al, 2022; JEAHMEFIZERRTE,
2022; JERESAE, 2025) o O o XF T HERT IR i B K A, A RO HE K TR AE B
GLUN T I 73 o3 A _EAEARETTARAMEEE RN (Zhang etal, 2025) .

B R OK RN R A KRB BUEAFIIE T Bt 35 5 00 3 2 (4 H
(Cui et al, 2021; Xu et al2021; Tong et al,2021), Bt — B4 & md RE RS
MZh . AR LA R REEFRRAHE CEHA, 2009) o BUREAER
WA TIZE G 2(IPCOE AN TR SR, =M BRI I O, TR NEEfR
LI AR, R I B A B SURE AR R, R R RS AR R TR I R 3
(IPCC, 2023) , =B R K H ST L] 2 T SR R T AN 72 1k ) e KR
# (Houghton et al, 2001) . &GHHIRZYELFE L L = 5 K RS AH BAEH 2
HERRLOL 5 Fh R SO FE RIS B 2 —(Cess et al, 1989; JH4:J7%%, 2014). E A 4MELT
T REZ WS A 75 FEx AR o B KA AL B S A FE (2P AT A2 0047, 2023). Lin et
al (2022) VP& T WRF B =i A3E 77 20 & R FIET B AN R Y4 0 9 3 REAE
BRI, Z5REW, =My BRI R EAATRAS TR, HABR
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VETE G IR SR R HE 2 10 A A B /N T W 251 o Bt 2 e X A0 o B A AL,
Mekawy et al (2023) WA T 6 =B S B F R A LE R J i) — UM 9 P 7K
FAFBALE B ZE 5, KW Lin 1 Goddard 77 Z R I fE. Mwageni et al (2025) FIFHA
[ ) 2 Gl B i T 2 B 7 SR 25 00 48 58 JE I 18— bl i B /K I TRV BEAT VR A, R
WSM6 EIFELF o Luo and Wu (2025) I AN[F S HAk 77 ZEnt T 45 P KA R 28 3L 11
SR KB TE AR, SIS EUE T R IBHUE R OB T MK 28 8L B0 =i
B S TR AT T Wi R B K B AUL K BB A, Biswasharma et al (2024) 4l
TR BT S BN 2 R S0 77 58 (R 28 4 %o B0 B AR 0 Jom =2 0 e o b 2y
AR 0 B A B RE 22 57 o Tiwari and Bush (2025) PPl &R, HUEHRE 5 M BT
PRI SR 22 1 SR R VE . AN A S B S 8 7 R IR FIE RS
AR RE AR ZER,  BAE 75 20 T [Al— R AU B K AR 5 AL
WK o A RIS S RS LT GBI I, %77 X T S B AR I BEAth R 7073 1H 7
TEHBRORIZER (BRICEEAE, 20090 o 8 A 7E = e Uy se ol B 7 8% 1%,
Zhao et al (2021) XA KRS A WINBISHALTT RO, DI TSHOT%, R
Bt T RELR RO R AR (2024) SN 2 I AL R I S S T 2 5
WA Z IR AR SH, 5 2021 48 )1 Fek BRI 2R VTY1 ) K T8 Bl B it R 1
B RS LAFETF: Deng et al (2025) 413 & KU MBI 2= i 3 2 504k 7 2 DR e
AR B S BRI 22, S RN KPR L 3 B XA K i it 55 3 70 R AR il ki
IR S P 2 SO R A, R BRI T KUK e BRI A P DR 2

PR 2 e B 7 SR PHAl 2552 DLRE K LR AT 2 1, i B /KR 28 SR A A
HA G K, BE5HRA. Sk UG ER TGS, B, L
IKNZ IR B S HA T7 2R B3E N A AR JR BRI o /KBRS I 2 s Rt
RZRAEABINGIR, S ZARURWIMAESE . e R W Hh 3R Rk O AR AL R 56
TACE 2 Hr BT R (ERAS) , 5% 1950 LRI, AL, 5 ERA-
interim HCHEAH LG, HHE BTG IR T BAA S S N2 #E% (Hersbach et al,
20200, HA KB 2 8 AT EEE W SRR A B R B = A B R 2
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AR EE SRR AR AR E R e 8. Z) PR EERE (IR
PRl ), I SEN TEMMAR RS, AT RIEM B B ACR (Luo et al, 2016:
Galligani et al, 2017; Yao etal, 2020). Sun and Rikus(2004)F] FH# 1k T2 AR5 =2 i
B2 W H R R Y. 4 BR B TR AL 2 A0 S U I s 22 2 T KK & B R ARG By« R
WA (2015) A MTSAT T2 WL AR Fein B G2 ) TI-WRE B ULl R0 I
SR E W55, HUTH B R . Zou et al(2016)F] ] ECMWF 4 #T #% BL AT CRTM 5
RTTOV V¥4l 72648 8 PRETTEH RS M. Yao et al (20200 FJFHZE4E TR FORHAN
CRTM VP4l 7 = A A SERHERE . Li et al (20200 KJ& T — AN 04E SH &5
(ERTM) , FFRIH & XA B, B & XS WA R 4 i) — Btk B
it b TR GRS R A Fa R UM 45 6 P DAEAR 2 D5 THOT R AT S AT, 5 R AE X 5K
BATZW SV . BT DENIN SR AR R b = TR T e, RIS
SR P E = S B, TIRE = MAEAE . =R LR R . R EAR A
(AR 5 TR LA B — 5, B T S P 22 i ] U 5 T AR R R = 1)
S TEDNNIVE

—IRBEKERRRRE, TEZHREAARTIAGRENSG ST, DRARS
A BN B R AL AR BN, b SR PR K I R AR E . BRSNS ). R A
24 PO e KRR R ARG R R 1 1 BT a8 A7 A 2= 2201
2013) 5 BRI H T RS R GUiE A B AR AR 5 AR 4 i n 4 2 18] 7 72 2% AN AT 23 1) K &R
(WEF5 7745, 2019) o RARIARE AN AELFERRR SN BRI Songh,  Horp
RS I i 22 AT AU J ke LR S D B A B 22 S, RTINS B K AR B LRSI (Luo et
al, 2016) o BRIk, XHSIUAR SN Z2 BEAT VRO R AR 221

I A B K D S B, 78 A2 KRR 7 A s P K R s B2 A CRVESE,
2024) o HASEFRTEFHARG (GNSS) sKIT MM K HARM A H 25 2 (Wolfe
and Gutman,2000) JESE, RIS 23 23 HE 2 0 K0T B K (PW V) BT B8 47 1 21 1] [ 7K et 72
A KRB AR R . A27F 55 (2024) T 2019 4R 2020 4F 6-7 F GNSS 7Ky il
W PWV FIFERE A SR ub (R A EE, A m SR EOR fi vh 2 M e gadiabs, IRER
HESL T HET PWVL 6h /KT SRR 24 i e~ B0 R I i B /K BB TR 7 9%, X g
9 Y REL N i B 7K DL 5 W R A XA B s it . ASCH AU AT GNSS 1 PWV 4L
3% 43 TS SO B A 7 7KV 22 UL«
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1 ORIV
1.1 BERkE B

SRR ER A 0. 1° X0, 1° /N BR/K SRl & B K= CTIS0555, 2013)

RICRAEEH 08 B2 H 08 B (1 R T BEKEAE N H K. FIH ERAS FE40 47 it

(Hersbach et al, 2020) ) 7K &P A 2= B A v B #E R vF Al A 4001 22 o (Bessho et
al 2016). LIANEIRVORIR B AL 8 TR 6.2, 8.6 11.2um iBi&, KA1 #EZ% A 10min,
R RUKSF R 2km: MG T 2518 8 TR RIEM =GR R &6 8CE T
O . O BOE kB R LK P MR R AT KR R A AR &
(https://cstr.cn/18406.11 . Meteoro.tpdc.271729.) , FFIA] 503y 10min, 258> HEF N
0.05°%0.05°, FFFNHRER] T 2z W VH IR T SN RO 4R S R0, #4907 KRR
Z/NF ERAS 258 FHEST= o FIFH GPS/MET $ifs S i ¥ S8 2 m] 7K B DAt
APHRARKIRIRE (EOFIZ, 2017) .

KA WRF4.0 FAETIL, BIZRE, W, JNEHRESPERS A 3km, 9km,
B by 38 2, MEATim A 50 hPa. A5 xUOKhHd R 2 [E [F X A 5 iR 0 (NCEP)
() FNL 43R HTH0RE, IR 2 BR300 6h, 2[R 33EA 10 x 1° R B0 HER Ny 32 )22, iR ARS
6] 2016 4E 6 A 29 H 121 CHHFE, TR o B 1 AXKSEE, £ 1 A8RIE17H 21
HREE, Hh, ST %% WD6. Thompson F1 Morrison 5%, =75 &K

BEOIFRRABCEA R, BARFREREZK. WK UK. . BAE.
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147 Fig.1 Regional area for WRF simulation

148 & 1 WRF # A= 5 H 0077 2
149 Table 1 WRF physical parameterizations schemes
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RETR Monin-Obukhov
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HREIR ACM2
150 H SRR L (CRTM) f B X 2= i B B BEAUL 45 R, (Johnson et al,

151 2023), SEAA WRF BTk (KA, =PRI AREdE) 1 ov4s 5 e i 2
152 fN, HHai RS54 8 RAEMNSEITE (& 2) , RPHEEAER =

153 IS FEIRZE (Sun and Rikus, 2004) .
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156 Fig.2 Flow chart of CRTM
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(Chen et al, 20200 - 6 H29H%E 7H 5H, AN LA FBKE KT/ 1E 200mm 72
i, HAREEE 500mm (B 32) 5 A 150 LA EXIEA SR Sk 2t Bk il
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100mm, P 3 DuEROL 1949 4 LRI SEAE (GRS, 2018). AIZ H B /K S5
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Fig.3 Distribution of (a) accumulated precipitation from 29 June to 5 July, and daily precipitation on (b) 29

June, (c) 30 June, and (d) 1 July 2016
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Fig.4 Hourly precipitation observed and simulated by three cloud microphysics schemes at (a) 12:00 UTC

and (b) 18:00 UTC 30 June 2016
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Table 2 Average of hourly precipitation statistics simulated by three cloud microphysics schemes from 29

June to 1 July 2016
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Fig.5 Time-series of observed and simulated area-averaged hourly precipitation from 29 June to 1 July 2016



196

197

198

199

200

201

202

203

204

205

206

207

208

209
210

21

212

213

214

215

216

217

218

219

220

PPN ] A RS /KB S5 I, PRI S SR TR P39+ 5 ERAS M
X IR VE LR . I 6 7T%0, 5 ERAS JURKEEY M E B ZRAH L, 7R3 0
BRI B S H 7 R R moK S8 5 HESGE,  TR T HoAl =K BV 7E 58
B K I B BRI — € A E 1, HrhuoRE BAmE R R, 2T
thompson 77 L = UK ) & B B IR /N, @K T morrison. WD6 1 ERAS, T
thompson J7 EHHUHI S & & morrison. WD6 1 ERAS KIRZ . X T M /K A4,
=R T RYRT ERAS, HAERKMAMENE. T WD6 J7 R H& M & B
Thompson 1 MORRISON kK. T 6 H 29 H 18 ZE 7H 1 H 2K FHaE, 5
ERAS b, —=F77 %Xt 600~300hpa [ & = AFAE sl X T K S AE AR A
H AT W = A BE T RAEBES KB o0 T =K IS ERAS AHELEEEGEIR, TR
T HAR KB AL E A BRI AT E L, & B TA R T 00T B &K &
IR F SRR ZE R IS (B s, 2025) .
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Fig.6 Vertical profiles of hydrometeor content and cloud fraction at (a) 12:00 UTC 30 June and (b) the
averaged hydrometeor content and cloud fraction from 18:00 UTC 29 June to 12:00 UTC 1 July 2016
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Fig.7 Brightness temperatures observed by three channels of Himawari-8 and simulated by three cloud
microphysics schemes at (a) 12:00 UTC and (b) 18:00 UTC 30 June 2016
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Fig. 8 Scatter plots of brightness temperatures observed by three channels of Himawari-8 and simulated by

three cloud microphysics schemes at 18:00 UTC 30 June 2016
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Fig. 9 Brightness temperature differences observed by Himawari-8 and simulated by three cloud

microphysics schemes at 07:00 UTC 1 July 2016
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