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Abstract The cloud-resolving scale detection and analysis of mesoscale dynamics and
hydrometeors based on the assimilation of radar data is the key to the simulation and prediction of
the severe thunderstorms, as well as to the analysis of their formation and evolution mechanisms.
In this paper, based on the rapid updating and assimilation of S-band weather radar data, we
reproduced a squall line accompanied with severe convective winds over mountain areas of
southern Zhejiang Province, and discussed its mechanisms of mesoscale dynamical and
microphysical processes. The in-depth study shows that: 1) rapid updating and assimilation of
radar radial winds was the key to reproducing the organization progress of the squall line. The
evolution and adjustment of mesoscale dynamics determined the development of the severe
wind-producing convection system. 2) Cloud-resolved radar radial wind assimilation strengthened
the mid-layer rear inflow and convection outflows and its convergence in the lower tropospheric,
which facilitated the organization of squall line. 3) Assimilation of radar radial winds and
reflectivity could significantly change the characteristics of hydrometeors and enhanced the
cooling processes of graupel melting below the 0°C layer height in the stratiform and the
evaporation of low-level raindrops. Consequently, the rear inflow declined aslope toward the front
of the convection as invading into the stratiform behind. This phenomenon played a key role on
momentum transmission from mid- and high-level to the ground. 4) The rapid development of
mesoscale dynamics and hydrometeors emerged adiabatic warming process generated by the
downdrafts of rear inflow, which was favorable to the evaporation of the low-level raindrops and
the strengthening of the cold pool. The contributions of high-level large momentum transmission
downwards and strong horizontal pressure gradient force near the surface greatly promoted the
formation of the severe winds.

Keywords Radar assimilation, Squall line, Severe convective winds, Mesoscale dynamics,
Microphysical process
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K HEU KRS R ROEREE AR . KL= B R i B s it
AR EEFSE, 20200, HATEZF=HZRDSTIRIUE I+ AR, Fenl
B RALGUR SIS FE P PR PR VKR « R RSB0 R AR 25 TR T I A K 1)
PRIXE o G el R A 28 T ik R OB AR AU VR Bk, R JU TR B I R 4R 20 78
SR, ST DS TR AE /) ? X0 RGBSR 5 TR 5
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AL LK, BUERAC SO R#5EF K EERTRAL IR FETHE, H
AT, BB O H 2 RS A A B0 R i i B ZH 2R R PR R A TR AR AE AR R
PRI, A ) 5 DR AE AR I 4R 3 i = IR B It & 30 (R 70 ) e 21
SR, Wb REREGEES . KRS E. B 2RI F B s
J&, R R BUE TR GE A WrsE R, MM =0 HR 2 I Bk}, BT R AE
BUR RSN TR OO E AR AR EEGES (BRI, 2018). £ )
RABIEEAR =P T R X BRI Sa R RS e R 2, 2
o7 P e 2 58 T M DR M R R AL AD v, o MU RTORS 40 A Tt o 5 55
KEWRAH T A

H Lilly(1990) K8 7t TAE I 4R, 28 8 R UHE A SR 46 R4k 2 B i 4 50
dr, Ebr BRI T RERAHEEGRFE A (Sun et al., 1991; Xiao et al.,
2005; Weygandt et al., 2008; Tong and Xue, 2008; Wang et al., 2013; /i F4%,
2018). HHT, [R5k FEAFE=4E4 7 (Three Dimensional Variational Data
Assimilation, fij# 3DVar). VU 4§45 53 (Four-Dimensional Variational, & #X 4DVAR ).
45 RI/REIEN (Ensemble Kalman Filter, % EnKF). R & RIS Z Rl %
Horfr 3DVar lTHEE /N HHERE, ot dREEE izl s A, & H
AT X 3ol S5 W [ RS (FMBZAE, 2016).
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B RN AR AN BB AR U AR, it 70 a8 K XU RUBE 3R G IS 2 i AR AT
= YELERI PR J130 3% (Taszarek et al., 2019; Campbell et al., 2017; French and
Parker, 2014; Atkins and Laurent, 2009a, b; Markowski, 2002). K&EHFFRFEM,
WAL Ko =5 7 BB e AR DX 4 A K T AR 7 28 K AR 2 AUXZ; (Zheng et
al., 2013; Zhang et al., 2020; Ma et al., 2021; [FEBEREE, 2022), Hbufm AR %
HH LA 5 1 IR T A A 5 PN R B 20 R v, Rk 25 4] 1) W 228 A5 B . ) 5| ke M i
KK (Fujita, 1978; EFHIA%E, 2012; Ar/hdiss, 2012, 2020). RARAEHZ
KIRKE A = 4ERBN 1 5 = BRI RS 48 70 i T R XU T R ) BEAL
i, A RERT R R FH R AR EE L@t XERAF R (2012) 18
PRI — IR PE LR R, IR ACRL T O 78 A AR A v ) B8 0 A5 2080 1 T i
JE, PRI R K. TRIRGRAE (2018) HIBE SR W 2 B & T A% & ik Hu i 7K~
FIReIE e T EH O EE R R . 20 el 80 I 4h, HEFT—AZHE)
RAFBEMITIRIZE, F6 S BN C BBFL 7 MRS 200 ZEEL, MR
HEBN) 7 7R 2 R =4 [m] 95 46 A A AR m) U7 R S0 9, AR T B B R UK
JIH A TR W A BB ) S5 R SR B YE , 87 SR B O TR e o
JEAE AR Ja NI SO B XUEE A5 K B T 28 K KURFAE UL 5 52 (Meng et al.,
2013; Zheng et al., 2013; Zhao et al., 2019; Ar/hi%E, 2011, 2020). [AE, X
JRAIHOGTE IS I RS S5 LI 3 B R 56 H ik SO M EAT AT 1E, N &KX
FAAR AL UL DA K Bt (Rl . BUE AT 7T 35 8 R AT FEal (XZ21-5%, 2016;
Wurman et al., 2021, Weber et al., 2021). AW (2017) RILFERS R FHIERE
[ T8 B2 S 2 T Ja, WliRd b bR R 1 RE RS K- G . TEHis
VA E BRI oA . EEESE (2024) KIPEPS R4 T 22500 5 2R X B
I SR AR T R AR 45 A B35 R, RIS A S s O R . J R,
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Fig. 1 Quzhou station (a) T-lg p image at 12:00 on May 10 (UTC, the same below). (b)
13:00-14:40 minute-by-minute air temperature (<C) and barometric pressure (hPa). (c)
13:00-14:40 instantaneous wind direction, wind speed (m s) and precipitation(mm)( The abscissa
is the time, 13:47 is the time when the wind speed is maximum, and the coordinate is 0)
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Fig. 2 data at 12:00 on May 10, 2021 (UTC, the same below): (a) geopotential height (black
contour, unit: gpm), Temperature (red contour, unit: “C),and wind (wind arrow, unit: m s ) at 500
hPa; (b) geopotential height (black contour, unit: gpm), Temperature (red contour, unit: ‘C),and
wind (wind arrow, unit: m s ) at 700 hPa; (c) geopotential height (black contour, unit: gpm),
Temperature (red contour, unit: ‘C),and wind (wind arrow, unit: m s**) at 850 hPa; (d) Ground
barometric pressure field
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BrEr (B 3al) RIAZA M ARG I EariRkofi, LAsgdbi iy E,
OB R G ERIAH 55 dBZ, 75 4% e B AE ML AR TR AR CREImE D, T
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Fig. 3 combined reflectivity from observation (shaded, unit: dBZ) and Ground Wind (Arrows,
Unit:  mston May 10, 2021: (al. b1)12:50 (UTC, the same below). (a2. b2)13:22. (a3.
b3)13:32. (a4. b4)13:48, (cl. d1)13:59. (c2. d2)14:09. (c3. d3)14:31. (c4. d4)14:41, (a.
c) observation. (b. d) Maximum wind speed at regional station (>5 m s%)
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WRF (Weather Research and Forecasting) {E #2072 HH 38 [E K ASHF 70 A
6 [ PRS00 epC SR LR 3L R 2 5 90 R 8 R R PR A X, 7RV 558Ul
T KB E AT B [R5 AU B AT 2 R - A SCHE T WRF4.4 AR,
PL ERA5 (ECMWF Reanalysis v5) 1Z&/INif P28 85 KA TS 53 @3E 7 0k30, 7KF
SRR 0.2590.25°% BCRARE . WHHREHTER, KPP0 3km
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1 1km, SR EECN 284>284, WIEHS KA 349>349, EHZHCN 38 )=, I
[FR A3 5K Bs, Ha A 10 735, SCh T T W= ks 4 R . B
SNESHMNTT R 8, KT BiA 5277 %R MYNN2.5 level TKE scheme,
FLAE R 30 72 25 ) R B 2% M T 1 16 s U VR & 2k b SR AR 5+ (Olson and
Brown,2009; Olson et al.,2019), 4% 75 111 4 e % 5H R Aff i ASTA0L H M R R < e
EMEER R, KA RS 77 %8 RRTMG scheme(lacono et al.,2008; Cavallo et

\

., 2011), P FE AR J7 %K H Unified Noah land-surface model 1 Revised
MMS5 Monin-Obukhov scheme, HEf% 2.2 Buk 3 fe & AT /K 70l & B, $
33 28 M JEARAUURS £ (Chen and Dudhia,2001; Tewari et al.,2004, Jiménez et al.,2012);
2 IS R I e B R s K BRI A AR T B E S B T R, R
Morrison i /5 2 (Morrison et al.,2008), Min 7 xhkEss . 28K i, BERESE T
FERVEANFE IR, R =W RO S LT B SERRRL T35 70 A1, BERE [ I TH00 7K 47)
B IR A ORI, BB 16 M K I AR B R kg B o 15 U & 7
FiEM T = P REHUEA,, BB R AT SE 1k, @ T2 RS
AR A AU 3 5, AR XU A0 L 2 0] VR 3R 40 B 400 R 53 2% b T A5 41

(Skamarock etal., 2019). HAistANCE W& 1.
R 1 AR SHA T KB

Table. 1 Resolution and parameterization scheme setting

Domain 1 Domain 2
KPR 3km 1km
IRV H R 284*284 349*349
EIENEN = 38
RS T & no cumulus
ITRUFIZETE MYNN 2.5 level TKE scheme
PRI TT % Unified Noah land-surface model
i JETT % Revised MM5 Monin-Obukhov scheme (Jimenez, renamed in v3.6)
K Ha T % RRTMG scheme
R WIS RRTMG scheme
PR Y e Morrison (2 moments)

2.4.2 GSI FHL R4
GSI (Gridpoint Statistical Interpolation) #&3% [E 335 Fi# . NCEP (National
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Centers for Environmental Prediction) J & [ 4Bk K X $s 4t — ) =478 75 [0 R
4, 3 R R R A . TR AR TR S 2 Rl BRI AR AR H AR B A A%
ME, W 5355 N3 2 8] BB LEAT S, AT SR E A3 AT B 221 KA sk
WS EMmALTE, HERREANX (D WF:

JX) = X = X,)"B7H(X = X,) /2 + [HX) = y]"RTHX) — yol/2+]c (D
Hrb, X200, X, RHEF=Y, yoMIME, BREFITZE, RERMR

%, HEMME T, J LR, KX HE S H ARPS (The Advanced Regional

Prediction) #£3 (Xue et al.,2000, Xue et al.2001, Xue et al.2003 ) s} 5} 75 125 W 1
GORMIEAT B0 T 4% ks 20 e, o rb FH 310 00 R AT T WORMIE B B AL bR B e B B
88D2ARPS 1% & T 4% H AN Sl WALyl A A LB R R IRASORY |
S A IEANE R — S A A A A X SOD IR AR T N ARPS RS A %L
P A ok BEAT R SEIE, T FR & 7 BB e I CIRIERSAE, 2018). T
FIF GSI =478 7 AL VE AT ERRAG, 152018 7 M i v IR s) WRF FL4
(IR 46 3 BEAT T o
243 REFREIT

ARSCRF WRFA.4 77 REE B A SR GSIER [F) 16 28 G Ao 30 Lk v e 2 3t
2, BPLX S 4, BRI Y 2021 455 A 9 H 12 i (UTC, TFED,
Por 24 /N2 10 H 12 15, 1), &EERE 10 b0 R4 = 10 H 12 1 30 73,
N A X IR AT TR Ik SR RIS HEAT 4R R, BT RS LRy A,
Hr, dO1 BT R A 2021 45 A 9 H 09: 00~10 H 20: 00, d02 L ]34 M

202145 4 09 H 12: 00~10 H 20: 00, EAKRE X% 2,

#£ 2. TRt
Table. 2 Experimental Schemes

TRBR  BRERMERT  EARERK Wk Siia
Ctl_exp ¥ o 9 H 12 i N 537, WRF Fiiflt 30 /)N
Exp30_RF H T 10 H 12 B 0146, [81RE 10 43 B G (R
W IREE S 12 1 30 45, Ttk 6 /N
Exp30_RV 7 A 10 H 12 B W16,  [81FE 10 43 B E 3R]

AR 2 12 5 30 43, TR 6 /N
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Fig.4 Model domain and terrain of numerical simulation (shaded, unit: m, QZ: Quzhou)
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W RN A B 77 18], S F TA DU 4 FhEA0 77 e 45 Lt AT 2 B0 T 2B Gl
RrE KNS T EMGSEE AB Fin). MINERER, EXRARENER (K 6al),
[ 38 B o) 2 RN A RS, 45 dBZ LA b Rl TH ik 31 8 km, SR [a1 3 LA ) 50
dBZ LA I, 454 10 H 12 IRZS I o PR E AR s i 3 B X132 (B 1a);
SRR B (B 6a2), [l B i R S 5 0 R AU AR, B sl 7 nl wi i
IR R R A AR IR X s X B B (1] 623D, [ ypl B Ak A 4R i I 4
9 B 55 dBZ LA s El fory, BRI mE AL T 7 km BUR, Bk R BT &
K MEBEATE T B (B 6ad), XSV GREEIRES, B W f5 Wi H 45 K
J& . BAH B 55 dBZ FiA M AE AL 7 km LUR, BE 2w BERUR, MK B3R B .

Ctl_exp 7% (& 6bl-4) 5 Exp30 RF 7% (& 6c1-4) MMM R EL M
PRIBI IR L5 44, FEBE 55 dBZ LA_b 5 Rl Oy I s 10 el T iy, 55 00 DN 45
RERKK. k2, RE Exp30 RV F%E (K 6d1-4) 5 Exp30 ALL % (K
6el-4) HEALLI 45 SR L ORI (e g SR P B iR, {HL SRR BAA PR 2 2R AL R R vy
F, AEXHR I A AR B IS W — BN S TS Y, JUH Exp30_ALL U5
ALV BOB R, T 58 m B NI R
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52021 4 5 A 10 HWN SEURIAL & A F A G, B4 dBZ). 10 KX7 (K
i, QL msT AR (RESMEL, A 17msT, K EEsisk AB & CD N
SRR ED: (a1)12:50 (UTC, FIED. (a2)13:11. (a3)13:22. (a4)13:59. (b1-e1)12:40. (b2-e2)
12:50. (b3-e3) 13:10 F1 (bd-e4) 13:19, FH (a) WM. (b) Ctl_exp HZE. (¢) Exp30_RF
J%E. (d) Exp30_RV 7%, (e) Exp30_ALL /7%
Fig. 5 Evolution of combined reflectivity from observation and simulation on May 10, 2021
(shaded, unit: dBZ). 10m wind field(vector, unit:m s*) and wind gusts (black contours, unit: 17

m s, where the white solid lines AB and CD are the subsequent profile positions): (a1)12:50
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(UTC, the same below). (a2)13:11. (a3)13:22. (a4)13:59. (bl-e1)12:40. (b2-e2)12:50.

(b3-e3)13:10and(b4-e4)13:19, (a)observation. (b)Ctl_exp scheme. (c)Exp30_RF scheme.
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(b2-e2) 12:50. (b3-e3) 13:10. (b4-e4)13:19, (a) Mill. (b) Ctl_exp J%. (¢c) Exp30_RF
Ji%E. (d) Exp30_RV H%E. (e) Exp30 ALL /7%
Fig. 6 Vertical profiles of combined reflectivity from simulation on May 10, 2021 (shaded, unit:
dBZ). wind (vector, unit: m s%) and wind gusts (black dotted line, unit: m s7): (a1)12:50 (UTC,
the same below)- (a2)13:11. (a3)13:22. (a4)13:59, and(b1-e1)12:40, (b2-62)12:50,(b3-€3)13:10,
and(b4-e4) 13:19, (a)observation. (b)Ctl_exp scheme. (C)Exp30_RF scheme. (d)Exp30_RV
scheme. (e)Exp30_ALL scheme

BE RIS G SS ZR AT TR 10 K XA 25 R, 38 AR X R AR i R v [
BRI 3 A TR IR ZE (RMSED, SKEERIEA R 77 R . & 3
NG SRR RMSE, 80 S I 20 R0 I 2H 1 2 S 28 5 A5 DL 5 K S S 3R 4
BRI GE— M, TR = T RUE AT R, JF T B [ ) T R R Z 1R 3.
AHEC A R, AN R o Ik [l S22 2535 1 AL [ B o B2 RS RICR, T AR X
FRAAIN SRR B AN A AR 7] R SO SR A X, AU & SO & B2
s, I RMSE Jififik: RN [E 75— @R EEISS 1A KR T %
(R ElE R, JUHAE RIS TR B, RMSE NPT 77 R/ MEE 2] 17.1. M
10 K XGE RMSE FTHEL, A2 30 R 5tk 8L A 20 A U0 KA PR SR A 4 21 00 0 1
F 5 Rt B8R KGR AT EEAS 2o SRR, R EIE AR A X2 5 AE S 2. 25 57

THIE R I IAEIRCR,  FEA R E T S 2 (1) RMSE A BT F# I

# 3. a5 10 K XUE RMSE
Table. 3 RMSE of compress reflectivities and 10m wind speed

E 2 BB InsRp B AR B T 2L B
HE RS
Ctl_exp 13.7 12.4 16.6 17.5
Exp30_RF 10.7 115 15.9 18.9
Exp30_RV 21.2 23.5 20.9 20.6
Exp30_ALL 21.1 22.6 20.7 17.1
HBTHT 10 2K X

Ctl_exp 5.3 4.4 4.4 5.4
Exp30_RF 5.2 4.2 4.4 5.2
Exp30_RV 3.8 3.3 3.7 4.8

Exp30_ALL 3.8 3.2 3.7 4.8
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3.2 B EH T

XF EE AR 2 W I 1) S AN [RIARAU T SR 45 SR m] Jn (18 7)), 78 12:30 (UTC,
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53 2568 J kgt, Szl (B 1a) Mfl. FIE, Exp30_ALL 775 H A5 0-6 km
T B RYIAE, KUHE R I 25 XU DA o 2 06 7 X, P ER 2 P I e A PO
5 St , AR T AR E e G 0 SO R A 23 K e (R A i 4, 2012) .
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Fig. 7 T-Ig p image of Fig.5 Position of the black dots from simulation at 12:30 on May 10
(UTC,the same below) (a)Ctl_exp scheme. (b)Exp30_RF scheme. (c)Exp30_RV scheme.

(d)Exp30_ALL scheme
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Fig. 8 Time series of air temperature (<C) . barometric pressure (hPa) and Maximum wind speed
(m s) from simulation at 12:30-13:50 on May 10 (UTC) (a)Ctl_exp scheme. (b)Exp30_RF
scheme. (C)Exp30_RV scheme. (d)Exp30_ALL scheme(Fig. 5 the position of the black dot, and
the abscissa time range is 12:30-13:50, where the coordinate is 0 at 13:10)
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Exp30 ALL 7% (/& 8d) #%T Ctl_exp (/& 8a) il Exp30_RF (& 8b) 7%,
AT AR AR R XU S Seih, mIak B 25 mos™h,  HO XU AR i 3 5 )
SEONHEE, ROEAE 10 70 Gl IE R, X U0 B A a2 7 A R 2 K R R Y
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BT EL LI R RGBT, BB TS RMSE RE B2 A
A5 SR AR R, Un3& 4 Pz o H T Rty UL 00 e )0 0 MBSO A HE s TR] 505 A
[, PR T SO Bl B AL R =AM B, IR S SRR
MR /MAISMER) RMSE,  JFRET P95 213K 4. BUUXGE ) RMSE &1,
S [FTT GBI 1AL B R XU, ALK K KG# L 2 0.01 m s,
(A N AH LA Rl A AR g AT 5 40 3 PG 1 R B A i i A B sl &, HL 3 KA g
RS A, X AT RE S XUER 5 IR A AR 2B X AR I AR A k. IRE
RMSE B % 35 ATl 1 2[R AL S, HA Al KA Tt (2R NRI
PRI TE TR S 23 5 S SE G, Ui B S o5 (R At e o S fi v B A 5 7 A iR AR
A, AR AR S R B AT S . KIS TR e BE I, A A% e X

(Rl Be i B AR T U A REABLAE AL, RIVEE 2= [RIAE 7 S U A 21 i tR AR A BR

x4 KE . REASE RMSE
Table. 4 RMSE of wind speed. air temperature and barometric pressure

JR%ES A Ak

RMSE  Citl Rf uv All Ctl Rf uv__ Al Ctl Rf uv All

iR 6.4 4.92 7.11 4.95 191 059 051 052 2544 9.91 45.69 50.4

g 505 56 1245 1379 052 107 072 051 2586 9.27 4358  42.64

iR 259 5.7 0.11 0.01 311 203 414 254 2729 1117 4375 3775

4 P2 Hr

4.1 MRMARGR TR LALLM R RIAE T

B9 43 #T T 4 Fh s ZEAREADL 1A R /K R0 BRORL 1 T T 65 A (R IR 25 o3 A RRAE « S BTk
B, Ctl_exp 7% (& 9al-4) 5 Exp30 RF 5% (& 9b1-4) gL i 2 om Bk
TR MK OR AR DX R R, 52 2 BAA 2 A 45 4], 55 4L 10 5 [ e T B 4850 — B3
[EIF, EXHAR R AR B, Exp30_RF 7 &AL Ctl_exp HE, &EHAT
BRI, AL SCARTE TR B, R R 2 I SR RRORL T AR K B N
TR I % b X R EIE AN AT LU B, Exp30_ALL J7 SRl X 2 A v 3
B _THE 80 5tk Exp30_RF il Ctl_exp /7 £ 5 ok HYu 5 oK. 58X RS0+
SRV EIS3), RRRSIGZ IR HAEE th KB A N 2 O, R R kLT
HATERRG AL, ARUKEIRLT R AL . URERIELE, (2t m B VKR T
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VKHIRL T I R JE . TEEEE 92 55 b2, 1 9¢3 5 b3 Al LR B, 4x[Ffk 5 %
YRR GAFAE L ZKE), 5N T REFEERWRNEEEZIAE K. BT
Exp30_ALL J7 5 2% & T R H REES) 137458, FEHR X Bz ae,
AR TR IG KA R A 23U K e, TR R 7K TR A B 2 2 A Bt W il 1
K, BFENFE T Exp30_RF 7 EHIBHIRE .

88853
(w)urensa)

(w)uresay

117.30117.50117.70117.90118.10118.30 118.50 117.30117.50117.70117.90 118.10118.30 118.50 117.70117.83117.97 118.10118.23118.37 118.50 118.
9.83
8.74 {2
7.65 1
656 A
g 547 ¥4
B 439
3.30 1
2.21 1
1.12 {]
0.03 L=

s

A

3
LRSS

A AN

L)

4

(w)urens)

117.80117.95118.10118.25118.40 118.55118.70 117.80117.95118.10118.25118.40118.55118.70 118.20118.33118.47 118.60 118.73118.87 119.00 118.30118.47 118.63118.80118.97 119.13119.30

[ I I
01 06 141 16 21 26 31 36 41 46 5

Ko @k FiRA GHE, #i7: gkgD. MKEEH (B, #47: gkl KKK
& (AL msD) K5 4B A-B A SKZREE B : (al. bl. ¢1)12:40 (UTC, F[FED.

21



(a2. b2, c2) 12:50. (a3. b3. c3) 13:10. (ad. b4. ¢4)13:19, Hr (a) Ctl_exp /7 E.
(b) Exp30_RF /7% (¢) Exp30_ALL /7%
Fig. 9 Vertical profile of graupel mixing ratio (shaded, unit: g kg*), rainwater mixing ratio (black
solid line, unit: g kg), and wind vector (unit: m s*) along the white solid line of line segments
A-BinFig. 5: (al. bl. ¢1)12:40(UTC, the same below). (a2 b2. ¢2)12:50. (a3. b3. ¢3)13:10.

(a4. b4. c4)13:19, (a)Ctl_exp scheme. (b)Exp30_RF scheme. (c)Exp30_ALL scheme
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Fig. 10 Vertical profile of vertical velocity (shaded, unit: m s1), and wind vector (black solid line,
unit: m s1) along the white solid line of line segments A-B in Fig. 5: (al.b1)12:40. (a2.b2)12:50.
(@3- b3)13:10. (a4. b4)13:19, (a) Exp30_RF scheme. (b)Exp30_ALL scheme
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7% (¢) Exp30 ALL 5%
Fig. 11 Simulated vertical profiles of cloud-water condensation (shaded,unit: k s*), water vapor
flux convergence (blue dotted line, unit: 10 e%g m-s1), and water vapor flux divergence (yellow
solid line, unit: 10 e g m2sY): (al. bl. c1)12:40. (a2. b2. ¢2)12:50. (a3. b3. ¢3)13:10.

(ad. b4. c4)13:19, (a)Ctl_exp scheme. (b)Exp30_RF scheme. (c)Exp30_ALL scheme
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Fig. 12 Simulated vertical profile of radar reflectivity (shaded, unit:dBZ), wind vector (unit: m s1),
and ground gusts (black dotted line, unit: m s%) along the solid white line from points C to D in
Fig.5: (al. bl. ¢1)12:40. (a2. b2. ¢2)12:50. (a3. b3. ¢3)13:10. (a4. b4. c4)13:19, (a)Ctl_exp

scheme. (b)Exp30_RF scheme. (c)Exp30_ALL scheme
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Fig. 13 Simulated vertical profile of the equivalent potential temperature (shaded, unit: k), wind
vector (unit: m st), temperature (solid black line, unit: <C), and wind gust (purple dotted line, unit:
m s1) along the solid white lines A-B in Fig.5: (al. bl. ¢1)12:40(UTC, the same below). (a2.
b2. ¢2)12:50. (a3+ b3. ¢3)13:10. (a4. b4. c4)13:19, (a)Ctl_exp scheme. (b)Exp30_RF scheme.

(c)Exp30_ALL scheme
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Fig. 14 Simulated vertical profiles of graupel melt (shaded, unit: k s%), rainwater evaporation
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(dark blue solid line, unit: k s), and cloud-water mixing ratio (red solid line, unit: g kg') along
the solid white lines A-B in Fig. 5 (green dotted line is 0C, -10<C isotherm line): (al. bl.
c1)12:40. (a2. b2. ¢2)12:50. (a3. b3. ¢3)13:10. (a4. b4. c4)13:19, (a)Ctl_exp scheme.
(b)Exp30_RF scheme. (c)Exp30_ALL scheme
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Fig. 15 Simulated vertical profiles of buoyancy (colored, unit: m s2), perturbed water-vapor
mixing term (gray dotted line, unit: m s2), and cloud-water mass gravity drag term (blue dotted
line, unit: m s2) along the solid white lines A-B in Fig. 5: (al. bl. c1)12:40. (a2. b2. ¢2)12:50.
(@3. b3. ¢3)13:10. (a4 b4. c4)13:19, (a)Ctl_exp scheme. (b)Exp30_RF scheme. (c)Exp30_ALL

scheme
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Fig. 16 Physical conceptual model of severe convective storm development (a)Ctl_exp

non-assimilation test and (b) Exp30_ALL assimilation test
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