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Abstract More and more attention has been paid to the influence of the uncertainty of the physical
processes on the prediction accuracy. This paper utilizes the WRF (v4.4) model, taking a rainstorm
in South China from May 21 to 22, 2020 as an example, to quantify the uncertainty among
microphysics process, boundary layer process and cumulus convection process which are closely
related to precipitation, and to compare the discrepancy among different parameterization schemes
in the same physical process, using multivariate analysis of variance method and Tukey's test.
Furthermore, the influence of the differences of microphysics schemes on the precipitation
simulation error was analyzed. The results show that the microphysics scheme is the most
important for precipitation simulation and model prediction, and the interactions between different
physical processes cannot be ignored. On this basis, the optimal parameterization scheme
combination, determined through Taylor skill score, is selected as WSM7 scheme for
microphysics process + YSU scheme for boundary layer process + GF scheme for cumulus
convection process. From the perspective of hydrometeors and microphysics conversion processes
in different microphysics schemes, hail plays an important role in the simulation of the extreme
precipitation. The change of rainwater mixing ratio is mainly due to the melting term of ice

particles. The evaporation of rain affects the intensity of cold pool through latent heat absorption,
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and then affects the subsequent precipitation propagation, finally affects the distribution of heavy
precipitation.

Keywords Heavy precipitation in South China, Numerical simulation,

Parameterization scheme,Uncertainty quantification, Source and sink terms

1. 5l&

g i DX AN, PEORPREE bR, B O R 2 KUK A R T O R B S
ERFHER X, FEPE AT S RISERERT T, TR — AR (B 555, 1980;
XEHAERL, 2009) o HFr ARG — @ MU RE, K X8 HIE g RTRE X,
AN 2 BT R B f5 (TS, 2016) o JLIKSMZ a3 WL 2R % 2 B (Kuo and Chen,
1990; EE4l3%, 1999: JHFHH, 2003) , Hrg R A WE IR X 58 FERTRFE, & H S5 9mnS
TIEENARER R, FORPESR, RIRTRVIRK, 2551 EkEi K E, MM X AT KRR
B2 423 OB o BT B 9 X % j9 ) BEATL ] R0 FEAE AN VRN HL el T R 1y o ROBE RS
TUARFAIE DA K 6 B 1 X AR SR 2 MR, I [X 2 P TR — L R TR M 55 v B TR R (2R
PESE, 2020) .

[X 35 7 R RS A6 3 Weather Research and Forecasting Model (WRF) & i I 7t M T
MG AR EET R, R0 WMEARAR L, WRF B2 Bk B R 22 . 3
TR B 0 LA B30 S5 AR 22 B 1 DA B S804 7 2 P 1K 2 O 2 U AR = 15
7 FERIE (Allen et al.,2000; Smith et al.,2001; Danforth et al.,2007; Di et al.,2017) . 1963 4F,
Lorenz I KA FA IRMAHE, WIARE RN 7 2 AR TR G R4 2 2 7

(Lorenz,1963) o Jy T /NGRS i FRo A T IR ZE, NITR R T HUERILECR, i A)
FERRI0 v Fr 135 S5 ok 7 A PR A2, A BB U 0 3 15 I D) 22 57, A K /) 4
AT Z WIE B, ASR = O

BUE AL T2 I HEAL i@ 0 N R RO AR, gy . AR RS
BN ZHAOR A A R RZ R R (S FESAMEEE, 2017) , WRF BErhy st
B SENERE 2SN . Raisie. WRZSHN. KERER 28010, b
HZH5E . AR SEN T REFELS R EEAFIER, B8 —MpHdREs8is
EANF I RE, ANIE) 5 2 A0 BN 45 B 4 BB I 8] — B R iR [F S Ty
R HEFERANGE R BN S22 25T, BI4n, Evans 55 (2012) #T5T 1 36 M3y
FH A AERANSE E R FAVTE R 4 DR S LRI, RBLMY) A7 2105 E T EZ M
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BMI B WP 7 R AL 7T LA 35 G B IR, s (2014) 5 BB =0 N
BB, VEAPILETT 0 R 2 M R RUR , 85 R B RANFINZT7 5 1A AL
RORZEFBOR, T EZ G PN S T7 24 B T3 Mt s P K 53 € /) Tian 5% (2021)
B b [ AR W & R AT 1 36 IS8k 77 RA G, KIL WSM6 = il HE 75 %
RRTMG KRR 75 A KF R A7 8k AT HoAl ) %5 1 Lin 55 (2021) &3
WSM6 A MAIE 7 & MY AT 1L 5275 %8 LI Grell-Freitas 7 2 % 77 2 (K40 & /& 42 St
i e 7K ARSI R R AR U B o XS T U B, B S8 T SRAEAS [ R 5 X 4k ) £
FAEZ S, DRI RSB S FF A G T HABX I, MRS R ik fE 4
SHMNTTE.

X ARBE R TR, EFEEANSHENTEAR. Wang % (2021) X WRF
A b5 1 g e [X i - KSR ELAE R AR G P B0 2 800 75 R AR N, A AR B XS
TR TR LR HEREAERCONEL, LR RN TS TR E N,
2 m R B2 BB T 7 SRR, 0 H S AT 5 5 R ST S AR B G R K DA
R AR E B EFZLN . X T IOGER R 5, HRERFEEHNSEUTT R, T2
JE AR PE AT B St AR s TR FE o B B 7 AR S v 4 R e 2 4, AN
PR 2 (EEAFAEAR AR o DAREK AR R 9 ], A7 B I0 5 )2 77 RIS £ S FE M R
BT IR AN A, BRI S AR SR T BAHEAE R, s B K AL (Jankov et
al.,2005) , ZIMAIER T F ORI ARAS BOM ELA e, 23 RO TR WRSORIRE B, S5 06 T
FAMEAE IR R R (RS AELEE, 2017) .

RAE BRA WL HRUTFORTE AR 280 77 VR R, (HIE 8 R 2> B T7 %
b, B IEARRSEANTT ZRAENIA R FE 2 8] (AR ELAE FH B 28 BRI e . (K]
b, ASCEEE LR TT 20 WAL Tukey’s K36 (Tukey, 1949) K& AL 5 P HE IS H0AH
KRBT E M, Fpkik B R S8 T RA & DL 2020 45 5 H 22 HARATEHEFGHLIX 1)
— IR DX A, 5 AL VIR 2 B fE (MP) . i 5t Eid s (PBL)
PAB R WP AE (CUD (AN E P A% P AR ELAE R EAT BeAk, B A R B 7 2
Btk 75 N B AR B L, FIF Tukey’s R3S Ho e — P2 i 2 oA [ 2804k 75 2 2 1)
22 5, AR AL IG 45 A B R S H T RA G o Befid K D 1 EL 25 7K B 43 A1 e FLURIE T
H s BT A HR T G M P 7RI 2 SR B D B AL )

2. Bl AT %
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2.1. HHE A
SO BB TR LS (1) BRI AP IR STk 8 (European Centre For Medium

Range Weather Forecasts, ECMWF) $2 it (17K 73 #F 508 0.25°X0.25°, B[ 3859 1 h (1)
SERF M EE (ECMWF Reanalysis v5, ERAS) , {4 WRF #2478 46 24 A0 i 2 4%
f, HHHHTRATER M. (2 KEEFKIGE B b B N R EdE 4, &
SXoF AR SCHIE A i B 7K A 8138 LR B9 BB 2020 4F 5 H 21 H 20 % 22 H 08 B (b siE)
2 [B)YEH  112.2°E~114.8°E, 22.5°N~24.5°N, A% 3064 X I H Zhuli i K Bk}, 322
F T 7 B K S AN PE A A 4D 45 2
2.2. Cressman #fi{H

Cressman i {5 775 & — FiZ 01T IR 125 (A4 (5 07V, FLREAC Ji B A =47 ) bt e WLl
RUATIRTE L, 25 WIARRE I3, AR SR 3N (R LI 5 R4 R A (R B B0 B PR, 3D
ITIEWIIEEMN Yy, BERNITIEEL LB 1k (Cressman, 1959) o HARAXAT:

‘= o+A #(Q)

o,

A :[ =1( 2 A )]/( . >#(2)

Horpt Fy AR, THREAR T
(22 220 ) e e
0 ( =)
Aef, y AEEARERME, yREE y ERHHHEAG) ERTIEM, yo 28R y R A
(1) ERIBIEEFEFIE, Apa R A n EROWIE SHIERIME 2, N R L NI
SRt fi . RAFEE A DI S 0 BIEEES, LR NNk FRIRem A%, — R 2.
(FRZLANEE, 2009) o
2.3. PFfhfEbR

ASCAEFHREIVESY (TSS) MENTEMETERR . %I4T S5 A 5 RO AR 5 W00 440 ) A
KAt LA K 2% (Taylor and Karl, 2001) o ZRENIVFAITEEIN 0~1, #&R4ZITT 1, UEBARLRL
RRLf . HARRER T HUR:

=[a+ /I s o+ 7 P+ 1#@

Horb R AWK 5 BB AT O R A, Ro AR SUEE S P B KM SE B, gons Mlam 57
A R 4 AL (R b 2 o TSI Cressman 47 8 77 V06 S seOUE U B8040 1 1 2

#(3)
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2.4, A EVEEATTIE
24.1. ZRETE0H
T7 Z T RBIE G o b I Tk —, M T7 2 EEA I v, AT B R 30 i
SER AR TR 5 B2 o AR e s SR e AR B AT BRI R AT R, IR
HHAFERZRKETT, &M F AR, X EERAEIEHEAT B Z MR A0 =i
R 15 2 R AN 2 Y A = s R B e A U L B K B SE A BEAT 1 0 200,
T =R BRI R TR A SR 1K) 3 RS AN P P 77 58 AN A8 L ONE , AR IS M T AN TR
W PRI RO A AUA B K S SR A B A
DI T Z 0B 9l IR A H a DK, B B A b AKFE, MEBEER A BEHE
df(A) N a—1, B2 B [ E I df(B)A b-1. LM AR IR B 1A SSry B4 WA,
— e MBI R RN E 2, 1d8 SSy (HMEZEFIFD , 53— 2 YL &5
AL SSe CHWNBEZEFI7 M), T 22 & 51 2 1) B 22 00 35 B A T 3R MO0 SSa,  SSs
LA Z A RER 2 1A A8 ELAE T B REME SSaBo
= + =+ + +  #05)
27 Wang 55 (2021) HISCHE, AT REAA R R ZRA E AR BRI TR EEK,
fEHZ R P 5 MR DOZ R 2 0 B B, AR R R 877 MS. 3T RIER Z A 52
TER, FLHE M dfAB) NPT Kl AR AR, A2 ELARGR AT PASE SO P R 3R 1R 25077 ik A
W ZETEBE. W A, B FRN ME ULJ =38 2 A1 A8 BN TE 53 5K -
W= W= / ()= [/ =D#®)
()= )=/ ()= J(=-D#D
AB= GB= / ()= /I =D =DI#®)
e I8 A A A B R B85 B LA N 2575 1% 22 MS(E) A F giit &, #E1T F 5,
BAEEAKEN 0.05, # p<0.05, JELA B, WHIZRRX HRREA BE 20, URR A
N, F geit s a 0.

F= )/ O=[ / O/ /IC-D= (O)—- (-  I#
=[ /C=-D1/C /T = = = =DC =1 +1]}#(9)

FEREATTT 22 53 W 0T, AR SOHRE EAR EAT 1 IEAS TR 30 AN 7 22 e A e, i A 46 o
2.4.2. Tukey’s #56

Tukey’s A5 46 A FH 45 462 (R 241 75 58 2 18] 52 1547 £ 2 35 1R 22 5, AL 5 R 384T 73 98 (Tukey,
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1949) o M TFSEMH R A, BEH a F7T%, HAF T Z0 RS T EN C

2 s ) o Tukey’s Z B AL ZE 045, T
q=(C - /T 7)H#qo

MSE=[ (= )]/C = D #QDI P T RO, i B
i P A R AME . AN TR RRERE SN (s oy s one) B AL
n=ni+m+...+ng. IR
(= ONC 7= (, = WHADWMIIXFUE N EE DB EM K Fa L HEER, g
(¥ P aE AER3REL (John, 2011) o ASSCAE A% % EAT 07 20 LUAN [R5 SR 2 A ) 22 5 »
BE MR 0.05, KA B35 2 5 7 RAMER — 2, BAEIE B 2 R 10T R EAH
(M2H, CLSER SH T RT3, LR SE T R &
2.43. AHE MR

AT A A P AR AN E 1 ) TR R DL T A IR
1). EPEXT T BB E S BT SR, FFHER A 5ASE H T 7L XS 2 80 75
E IR
2). fEAZRE ENINET HEAFAYIEESRE (ZMEERE. GREER. BRaind
T WPASEADL 4 7K 25 SR 1 2 280 LA A8 U o 3% — 45 B DA Ak A [ 40 B 3t o A 0 25 SR 5
() 5 L
3).f# ] Tukey’s #5653 b [F] — B B2 R R S 8000 5 22 RV 28 5, AR ARG 60 42 L 0 o B
RSN TT RAE
2.5. M A

2020 4F 5 H 21 HEEZE 22 HRR, | RS WL — KW s K, AT 42 4l
/NS RO R T S gk, FE AR SR DX SR A A T B RN Y B 167.8 mm, BRI X T SR i
3, SEIRDCHT R I 42T 3 /NI B K, O 297 mm, ZRSEHX I 351 mm AR 2
WK 3 /NI BEK R, SR 1™ BT e, JF Hig sk 1 BRIE ik (25 fskd,
20200 . B 1 BRI 2020 4E 5 H 21 H 20 B E 22 H 08 BF CERARBE U B A4 AL B
TED JREA XL (112.2°E~114.8°E, 22.5°N~24.5°N, [FREERE U B AMIE 78 X 3k 45 % X
B, TR 12 Nk ERREKER A 04, A DUE R A AR M AR SE X,
KA 12 /NI AR K AR B R T ), il o M EE X 2204 3R K BRI
il o
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Kl 2 BT ERAS M0 Hr s, JleoR 1 3 W R CE AT AR I 20 AN [R] v B2 2 X7 B o 34 v 2 37 1)
AL, fE 500 hPa )R b, BN XA FREIMIA%, &l EALE 2B AR S5 . P Y
850 hPa Fl 2k 55 2 0f A BRI B, AFAEARRE RS B DAL T KA R 8, A A
ToRx G S MR B R . BLAh, TARAEEMRRAAAE DI ZE (ORI E N 115°E, 25°N)
AT ETHEg). KRR ER (KE=12ms™) , BERKIRARE SRR A
i RIEKIX, et 7 ARE R INERFAAR R (B 2) o BRI, XK “5.227 %F
R FE TR SR (R X R RO I RE % JE PR LRI S I B /K R TR AN R e iR 31 17 S A 1

oK

24°N |- @

23.5°N

oSy e
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Fig.1 Cumulative precipitation distribution at stations from 20:00 on May 21, 2020 to 08:00 on

May 22, 2020 (BJT) (units: mm)
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Fig.2 The distribution of geopotential height at 500 hPa (solid black line, units: dagpm) and 850
hPa (shaded, units: dagpm) superimposed with wind vectors at 925 hPa (red bards = 12 ms™,
units: m s™') at 20:00 on May 21, 2020. The black box is the rainstorm area
2.6. KIGBLE

KFH WRF (v4.4) 55X, #%H ECMWF 0.25°X 0.25°ff) ERAS -4 #7504 11 st Xyl
(B SRAF RN S 2% o B X B 8] 3 o, R A B R XUZ RETT R, 2P
HIKP 23 #5050 09 9 km, 3 km, AKP (RIS £ 2730 185X 130, 271 X211, FEEJT A L
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oy 512, BB AR B E N 50 hPa. BEACR AR5 U B RILHE, b
PN 22.25°N, 113°E. BRI LG A 2020 45 5 A 21 H 14 B (LR, BRI K
2930 h, Hi 6 /NEEABE spin-up BF], ABILAE F A0 H AR N IR

AW EE R T SR KE VI R B AR AT AN e MV, B S B A
T IR DA B R 2 X AR o 2 e o S 25 P AR ) AR 2 K R 2 ) A 2 e
S SRk, IR O AR PR O AR A (SRS, 2012 A AR,
2021) o HRAEK SR ¥ FHRE A, 38 2 B R 07 0] Ao 27 RN S
T, BST7 FANTHROK B B & /KR, XS J7 22 ) [R] IS AR Kk e b 25 /K B AR (F
Bk, 20140 o A = U EL Uy S A TR N 2 R SRR S RO ANF . ASTERET S P
W JT % Lin /7% (Lin et al., 1983; Chen and Sun, 2002) . Goddard 77 % (Tao et al., 1989;
Tao et al., 2016) . Thompson 772 (Thompson et al., 2004; Thompson et al., 2008)  Morrison
77 % (Morrison et al., 2009) LK WSM7 /5% (Hong and Lim, 2006; Bae et al., 2018) , = fil
YRR 7 R BRI TR AR RN 2 TR o 14 525 REAE S e (4 ) R 227 T3t L 1) 3

B REAKIRIZE, BRYE KA Z R IR, M S RS (AR R,
2017) , $HR I TR I AR AN [ J5 2 2 A0 A 22 55K 11 o SR A 0 A R 75 2 R O 1)l R
RORLCA B imint A IR 8. ARSCIE#E T 4 M F)Z77%: YSU J7 % (Hong et al., 2006) .
MYJ 7% (Mesinger, 1993; Janjic and Zavisa, 1994) . QNSE /5% (Sukoriansky et al., 2005)
F ACM2 J5%¢ (Pleim and Jonathan, 2007) o FAZoXPiATIEE R4 DA g e 48 2 vl e B 22 ) AR 246 4
BYELRE, 5T BOKIIEIL (SR, 20200 , TEE X =S 8L En, HFEERS

RSB, RIEAFRRA S, KRS T TUERIR R R T 2, 2050 i
WA PR AR, oSl AN IR A A RE R S B T R (g, 2018) o AL
i%EH T KF J7% (Kain and John, 2004) « BMJ 75 % (Janjic and Zavisa, 1994) . GF 77 % (Grell
and Freitas, 2014) £ New Tiedtke /7% (Zhang and Wang, 2017) 4 Fif =X 5 . =Fhid
FEZ A 5X4X4 01 80 FZH &7 (W& 1D, LT T 80 456, B 1 bl 4R K
S BT R, Fofh 7 2 R BAMAT AT, R 2R Noah 75 %8, i st i
FERH RRIMG 755, A 4RSS R K Dudhia 75 5. BS54k )5 = RESNE IS .

BEAh, St — 25 o3 b R IR A8 RN B B K B R R I, 7 3.3.2 TR R B 2 A U R
¥y, BAREWNE 3 Pin, WHRIZEHTEN YSU, BaXHifi %N GF, #H Goddard 75 A1
WSM7 77 R ¥ BAE i, 4744 GoddCTL Al WSMCTL, # Goddard 77 & [



237 AR AIEEE NIRRT 2 — RS2 —, S aldr 48 Godd0.5 A Godd0.25;
238  WSM7 J5 1R 28 K I 43 ) Bl 5 oA IR R i — S TS AT A%, 440 WSMILL5 Al WSM2,
239 DABESR TR 5 S RN Vi 75 R TR 28 S AL B K T X R 2

IIT°E - T1I6°E  121°F
240 0 400 800 1200 1600 2000 2400 2800 m
241 &3 E X E MR s GEA, B4 m) o dol, d02 43WIEoR 9 km, 3 km R

242 RREULIX I

243 Fig.3 Simulation area settings and terrain height (shaded, units: m). d01, d02 represent simulation

244 areas with 9 km and 3 km resolution respectively

245
246 ® 1 AWEES RS EN T RE, LT T 80 Ak, 5 hHrRor
247 namelist.input H [ IE I
248 Table 1 The parameterization scheme settings used for uncertainty analysis, a total of 80
249 experiments were conducted, the numbers in parentheses represent the options in namelist.input
SHNTT R ESER P
Lin(2) BB R
Goddard(7) BETRE
ZHAE TR (MP) Thompson(8) MZHE
Morrison(10) M2 T7 %
WSM7(24) LS kS
YSU(1)/MMS5(1) 1 Rt & 7 &
MYJ(2)/Eta Similarity(2) 1.5 By JR s P15 7 2

A5 R T AT FERGRE SR 45 T R P i v ) 5 A 208 g T
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2% (PBL+SL)

R % (CU)

QNSE(4)/QNSE(4)

ACM2(7)/MM5(1)
KF(1)
BMIJ(2)
GF(3)

New Tiedtke(16)

HE) K-e8E30,  AEANRRE 2 45 T R A i
L ARE WIS
1 By Jey - Ry MR A B P A 5 R
XA R RERE IR g
XA AT %
B H &N 5

PR %

R 2 mMWETT RITERAE R RS, 55 T ERIR namelist.input 1 17175

Table2 The predictor variables of microphysics schemes, the numbers in parentheses represent the

options in namelist.input

T RATK

ik AL

Lin (2)

Goddard (7)

Thompson (8)

Morrison (10)

WSM7 (24)

Qc, Qr, Qi, Qs, Qg

Qv, Qc, Qr, Qi, Qs, Qg, Qh
Qc, Qr, Qi, Qs, Qg, Ni, Nr
Qc, Qr, Qi, Qs, Qg, Nr, Ni, Ns, Ng

Qv, Qc, Qr, Qi, Qs, Qg, Qh

Qx: Fiy x EHLEKE (AL ke/kg)
Nx: Ry x FEGRE CAAL: 1/m®)

X: V (7J(/”:h) ; C (E{E]‘) HEN (ﬂi{rgj) ;1 (XJKE'[EEI]) H (EE'[?) H

g (B : h (B

: Morrison 5 ZWHRABENHIKE (BAL: Ukg) , NG—, AR A0 EukE

(HEAL: 1/m®)
3 BRI R A
Table3 Sensitivity experiment settings
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AR ZH A 77 G FRAE A [ ) B S A ELAE F P BEA0h 45 R B 24, W] DA 2 [
R ESITREA, BUEBOR, U2 B R O TAE PR AS R . AL
SrM b R AE IS do2 RIS L, HLARMIX (B 2 BTN o BT do2
XIZ A TR XA TT %, B AT A B o 3l 72 5 HAt Y B R (A AR, 45
RANZE 4 o, AP Bd A SO EAE R T2 W X R AR KU A B35 500, =i
RERER I AT R 188,12, WWFE RN 136.86, BluRHRIE RN 65.47, = AEE
WA S5 R A EAE TR0 B BN T R RS R, RS T B .
ST FR R A AR AT A B T d02 XA I 1 B A At 7 8, HoTiRE AN o Tkt T 28 )
VEor TSS, BUBUUER RN, i WEd fH & RE MW, =M E 2y
0.24, BZXLFEN 0.15, UFEELFER 0.10, PIFZIAFAH AR /N T 0.08. =4
B AR A0 B B B R KT A ) B AR SR AR SN B RR B A TR T AN A EE AR
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3 4 ANFP I AR R A ELAE P e B
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Fig.4 Tukey's test was used to test the difference in Taylor skill score of (a) microphysics scheme,
(b) boundary layer scheme, (c) cumulus convective scheme in simulated precipitation. A, B, and C
represent the groups with significant differences, and (d) is the results of the Taylor skill score of
the scheme with the optimal group were initially selected, G stands for Goddard scheme, W for
WSM?7 scheme and NT for New Tiedtke scheme
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B PR EAL T AN [RBTG5 SRS M AN B RE L, 45 SRR B = S B R 0 K
BIBOR I EEE R K. S5, EWEd S, ARSH T R AEEREEZE R,
T 5T il 2 S A T3 22 %o R KDL R S M AL, TED A K RS 43 A S HC U5
ERIAERR, %7 YSUBRETRUK GF BlEMH T %, Rl = My ®T
BRI TS, A FEAN R = A B T SR A B 2 R ASLADA R R
3.3.1. FEIK KoK B 43 i

K5 242020 4F 5 H 21 H 20 B %2 22 H 08 B EFFEK WM AL LE R aTLE W, 5
ANTT RSB T AR G X R K, E B K R BE DL R 5 B K VR X A AE 2 S . AR
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N IX (50 A B ngE R, 5 45 SR NIk, Lin J5 2 (0 B4 /K AR A8 B AR5 000 B v i, {H
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Fig.5 Spatial distribution of the 12-h cumulative rainfall in (a) observations and based on (b) Lin
scheme, (c) Goddard scheme, (d) Thompson scheme, (e) Morrison scheme, (f) WSM7 scheme
during 20:00 BJT 21 May to 08:00 BJT 22 May 2020 (shaded, units: mm). The circle O
represents the maximum value of observed precipitation and the triangle /A  represents the

maximum value of simulated precipitation under different schemes
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Fig.6 The vertical distribution of the average mixing ratio of (a) cloud water; (b) rain water; (c)

cloud ice; (d) snow; (e) graupel; (f) hail during 20:00 BJT 21 May to 08:00 BJT 22 May 2020

(units: g/kg). The black solid lines indicate the average temperature (units: °C)
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Fig.7 Spatial distribution of the 12-h cumulative rainfall in (a) observations and based on (b)
Morrison scheme, (c) Morrison scheme that switches graupel to hail during 20:00 BJT 21 May to
08:00 BJT 22 May 2020 (shaded, units: mm). The circle O represents the maximum value of
observed precipitation and the triangle /\ represents the maximum value of simulated

precipitation under different schemes
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Fig.8 Time evolution (during 20:00 BJT 21 May to 08:00 BJT 22 May 2020) of area-averaged
vertical profiles of cloud ice (top line), snow (second line), graupel (third line) and hail (bottom
line) by Goddard (left column) and WSM7 (right column) schemes, respectively. The shaded area
indicates the mixing ratio of ice phase hydrometeors (units: g/kg). The black solid lines indicate
the average temperature and the contours are from 0°C to —40°C with 10°C of intervals. The red
dashed lines indicate the cloud water mixing ratio (units: g/kg), and the contours are from 0.01
g/kg to 0.15 g/kg with 0.05 g/kg of intervals. The blue dashed lines indicate the rain water mixing
ratio (units: g/kg), and the contours are from 0.01 g/kg to 0.30 g/kg with 0.05 g/kg of intervals
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T T 38R VB 5 UK KL~ 2 8] B AH LA 4 R 6E T390, B S UKL A 9 — AN B Ak
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Fig.10 Vertical profiles of averaged conversion rate (units: 107 kg kg™! s™!) of (a,b) cloud ice, (c,d)
snow, (e,f) graupel and (g,h) hail during 20:00 BJT 21 May to 08:00 BJT 22 May 2020 for
Goddard (left column) and WSM?7 schemes (right column). The horizontal solid black line

indicates the height of the 0°C layer.
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Fig.11 Time evolution of ground temperature (shaded, units: °C), hourly precipitation greater than
15 mm/h (black contour, units: mm), and the 10 m wind field (vector, units: m s') by Goddard
(a—c) and WSM7 (d—e) scheme. The circle O represents the maximum value of observed
precipitation and the triangle /A represents the maximum value of simulated precipitation under

different schemes
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