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of a Rare Squall Line in Zhejiang Province in Early Spring
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Abstract; The impact of radar data assimilation on the numerical simulation of a rare squall line in Zhejiang
Province on 4 March 2018 was studied in this paper. The weather research and forecasting (WRF) model
and the gridpoint statistical interpolation three-dimensional variational (GSI-3DVar) data assimilation sys-
tem were used. In this study, multiple-Doppler radar data assimilation was applied to initialize a squall-line
convective system, and its impact on the simulation was evaluated and discussed. The results showed as
follows. Radar data (especially the radar reflectivity) effectively improve the simulation of the boundary
layer characteristics of the squall line, which further improves the simulation effect of the composite reflec-
tivity, precipitation and wind process of the squall line. Radar reflectivity assimilation, which directly ad-
justs the hydrometeors, improves the precipitation simulation in the storm and its induced evaporative
cooling and forms a more intense cold pool close to reality, thus improving the simulation of the squall
line. The radar reflectivity assimilation has a greater contribution than the radial velocity assimilation. Relative

to assimilating radar data in non-critical areas, assimilating the small and medium-scale information carried by radar
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observations in key areas is more important for improving the simulation of the squall line.

Key words: radar data assimilation, squall line, numerical simulation

5 H

P& £k 2 F5 7 R B B A I A R X T XL 5
g FF /N R 88 %8 3 K X (Maddox, 1980) . £k ok
I P 2 EE B XL ) 9728 L XLy 1 L A A T L AR R
B S50 RGP A B VBRI R IR e
A S ZURY 9 KA R 41 3055 2003)
PRI 5 ] P9 AMIE 5 2 0 R 2 1 A i K e T T L I
ShAE) VBT IS D AR AR S T R TR 2 IR AWFSE (New-
ton, 19503 1966; Fujita, 1955; Ludlam, 1963;
Hane, 1973; Bradberry, 1981; Seitter and Kuo,
1983; Physick et al, 1985; Houze et al, 1989; 7
REAE, 20015 45 4, 20065 7 e EE 5%, 2007;
Zhang and Fritsch, 1986; Pandya et al, 2010; F
PikRE %, 2013; French and Parker, 2014; [X 4 &
&2, 20155 BEAREE, 2019; B, 2019), Thorpe
et al (1982) ., Wakimoto (1982) . Bluestein and Jain
(1985) . Bluestein et al(1987) Fil Mueller and Car-
bone(1987) fif 57 2 W] e T T+ W £k 1) BF b3 e B XD 4%
AR LR J5 J7 B v il 2 P £ K e i I8 i S B X 1~ A
TSR T S S A PO A5 A B BE Ailf 1 . Rotunno et al
(1988) Fil Weisman et al (1988) & H} T i iR £k &
JEAZ R RKW B8, 35 Hv% 5 102 & H X Y)
S P AH B AT L 5 MR i U T LA T
I 3 10 DR /N R O o 2 L T T S AT i 2 i X
DL B A S5 Ay T R B R PR DT R E TR I R
RGO R SRR A A s . X — BRI 2 WO
B 3591 (Weisman and Rotunno, 2005; Bryan et al,
2006; PRUIFF I EM A, 2012),

B A R A R R ) AL B AR 45 B
RS O o I S e Y 2 T Be . 4ROk,
[E 4h 2% # Redelsperger and Lafore (1988) . Zhang
et al(1989) ., Zhang and Gao (1989), Cram et al
(1992) . Belair and Mailhot (2001) 1 Bryan and
Morrison(2012) F F ZUE R XS L TT & T 1 2 I8
AW BEGE, BN 2 3 5 R 5L AR (2007) BRIk [ 4%
(2009) , EBEI5F 5 (2010) | JL AT HE 55 (2010) | bk B #F
MR (2012) 245 (2013) 413 (2015) L3k
P45 (201652018) i il 45 (2018) FIBK 5L 45 (2019) &

TEX T T — G i R R . X R L E S TH
JH 155 73 25 UL I R sl (A 400 B o T 5T RE 2k 1Y
e R RS AL L B 2l RN A 2L AR LB 1 X
B ) 55 R [R) A 2l i R R B e AN £ Xiao
and Sun (2007) | F§ WRF-3DVar 1§ ¥ [7] b £ & 55
KL HGHE T THOP_2002 4] Hh — YR R £k 3 4 1Y 4
I A KA B, . 3K A 45 (2009) ] ] WRF-3DVar £
ST JE IRl Al 0k He i 6, 235 2R 2 WY (] 1k 3t i 0L 00 5%
A LA 850 4 i B JE L R GBI . R
55 (2009 # T ADAS RGUIT X ik . 45 ik
BERHRE] AL L J0 o B 5 38 R [R)A  % I 3t i v R
JERGEREAA B B SGHEER . & ISR (2016) R
F EnSRF (ensemble square root filter) Jy % [6] b £
e 8 R AU IR TORE IF 8 0 T 1 B RO AR 5 SR AR R
UG AT B 5 LA 45 2R R KR o B G L DL i
534 3 B 6% 45 Y 1 b P 30 RE 8 1 B ) 3 L Bl g g
TP B A0 BORFAE O HLBADL S R 2R )5 AR 1) 2 = 4
F o IR SE (2019) FEF| AR & R /K S W8P T7 ik
(EnKF) [ 4k 7 542 ] KL B 5 B i KURT GPS 7K 9%
BERR LA | R F B I8 RS R BB R — RO £ i
TR BB A5 7K I3 AT B L A ROk T e £k i B2
AL B AU ROR

4 £ o R R B R BRI R BUIR
B 35 TR E] Ak ) L 5 o B 5 A A ik = R0 S
Bl 55 A TP Y IR A SCLL 2018 AR 4) 5 Wi VL 55 L
JE £ 3k B2 i, >R ]l GSI-3DVar [m] f & 48 fil WRF
R T Jo B2k [) A B0 ASE 40, O R 40 A X s 114
15 73 PRGBS M7 B 3K BORHE] A X 1 O 4R 5 R AR
UL 5L ] T LGB 3K B SRS 8 PR R A AR e B Y
[ A RICR S R AN [R) 250 6 0 8 1Y) ey 3 B ) ) 4k X
DL SR ) S W

1 g pist o

PR R T 2018 4R 3 A 4 H 14 B (JE s
I T R A TG 48 V6 30 AR )i 38 45 R i Rl i
) ZRAE 7 1 B8 8l s K2F 17:30 JFURSEZ Wil A 4k
SYERFF 20 W L 32 W00 1) 2R I AL D7 1R B AR I
CIET 1, S8 A0 JE 2 hy X B0 I 220 HE 2k 9 R BOAL L H )
TEJT VR R« R I E B R 5 i Z0 B R Y 6 min H A



164 A

% 5 46 45

Kol AT AL BB LLTR 38 41 A B O A3 a7 B
TEME LR BN B . MR A Leary and Houze
(1979) X ML L fiy 52 (19 70 2 MR LR Y 7E 15 I Ji&
SRR S T W TN AR T A B B T B TE T e
WL FERLZ Wy 23 B 2 B U i O A v A S I
DS AR 2 78 g S O i S A1 o e 0 9y 2 X 22 o
SR A QLB S, 2018) . Foiili il /K ¥ i 2% A g
Oy SOOI ) A A AR AL T A A A 5 B 3R AU
A5 e £k ¥ gl i D5 X R AR Z AR Y 3 0 AN AR
RE 5 5 14 1L T ¥4 L 5 U 2RI R A R T A BT Y
KPR BB R e S RS PE R . MR ad iR
FEIf Tl oA 1 A% L I 2% T DR A v AR 3 K
A RFENER A

XU R B A I AR CHAR BTN TG X
ERAFHBZ S H 11 ) Btk (LLZ /N ik
A R RGBSR E )y 100 km « b ')
T ONIBIRg LY 5 — EL ) i) (BaCa (RLR
AN 1 RN S SO X SO L IR AL S ]
7R BEA PR L 1) AR AL T7 10 B B . M 2k A S L B
TR B B B K (RT3 =20 mm o+ b ')
IR i IR /N B A R R =24.5 mo» s 1) IR

32°N

30

28

26

1‘16 1‘18 1‘20 1"22°E
K1 20184E3 H 4 H 14—22 i}
9 R ARUSE L 3 A 7 B
CRE 28 S AR A0 75 38 2 5 A 38 7 0 ) MR AL
T SR AAAF SRR /N =24, 5 m» 57!
B3k A R FF 5 RN T 58 =20 mm « h™ !9l A5,
AN TR T R Xof 1oz A [ fg B 220D
Fig.1 Observed severe weather from 14.00 BT
to 22:00 BT on 4 March 2018
(Dashed line represents the squall line obtained from
the radar composite reflectivity, the same as below;
black symbols represent the stations with hourly
maximum wind velocity =>24.5 m s~ '3
grey symbols represent the stations with

hourly precipitation =20 mm; different

shapes correspond different times)

T AR A J B R A K B (H 32 BT B T KR
FEVLVG WRITEE NI 14 0L E R KU B0, #E VL PG
BOPHMIEE Z BB T 17 20(63.9 m » s 1) BB K
IR, i B A AT 13 A BET R ™ E A 2 PR R Ak

2 IR K R

2.1 BARE

16 FH 5 [l [ R AR 5T i (NCARD A ALY TF
K] WRF-ARW V3. 7. 1 (http: / www2. mmm.
ucar. edu/wrf/users; Skamarock et al, 2008) 13
B 5 2R 55 WU o0 (NCEP) JF % ) GSI-3DVAR
V3. 4(Hu et al, 2015) g BAR A A Bk ) 4k 5
48, WF 5T DX I T VA PR T ) Akl 55 &R 8 (Il 4
AR 2015) — B0, R JH P2 8 A% . R X L
(32°NL117°E) g o s 45 45 50N 265 X 265, /K43
PR 9 km, /N XA OB 205 X187, K3 Bt
N3 km, 0 172 H R 35 )2 BT & 50 hPa
(E 2, AN FEDHSEMLRTRA BM] BHa
ST 28 (UK X 35, ; Janjic, 1994) . Thompson z %
¥ J5 % (Thompson et al, 2008) , RRTMG %5 Jiz 1

T T T T T
114 116 118 120 122 124°E

B i — ——
0 10 16 20 24 28 32 36 40 44 48 52 dBz

B2 Bl T Ik i B 2018 4R
SH 4 H 17 WWAE R FARA)
CIRL e 8 3 3l 6 5 1630 B 37 3k
TRV Sy A ARk,
LR BALE A
Fig. 2 Model domain, positions of
Doppler radars, and radar composite
reflectivity at 17:00 BT 4 March 2018
(black dots: radar stations,
circles; maximum coverage of radar,

solid line: Group A, dotted line: Group B)



) Wi

T B T A XoF — YT T A 3 5 D 2 R (R A L A4 5 i ) 465

K57 % (lacono et al, 2008) ,4&1F 1% Monin-
Obukhov £ 2 5 & (Jiménez et al, 2012),YSU #1
B ZTJ7 % (Hong et al, 2006), L & Noah [ifi i 7 &
(Chen and Dudhia, 2001), #J44 15 53 ¥k (G045
WG S R B 2 44) i NCEP/NCAR $2 4t Fi-
nal Operational Global Analysis (FNL) F-43#7 %% B
6 /B — YK 1. 07X 1. 0° Ff 43 #7 %% K} (National
Centers for Environmental Prediction/National

Weather Service/NOAA/U. S. Department of
Commerce, 2018l if WPS %] 4 {b 15 P 4 {1 3 R

2.2 BMFE#

A T R Ak f8 00 I 55 0 435 6 R 5% ) A 22
BRIk TR WM BTR E 2Ok B T NCEP 42
By Global Data Assimilation System ( GDAS,
www. emc. ncep. noaa. gov/gmb/gdas) ML I % &,
BLFE Hb T K S S A5 4R (SYNOP) | HL 35 # 1 i
(METAR) i fifl #1547 WL (SHIP + BUOY) | 42
BR GTS #25 WL i %4 (Rawinsonde) . &ML 3¢ W
M (AMDAR) . 132 25 5 XU (SATWND) &5 5 Fi U8 il
ORE., HIATER EZOR A TUHLA L ME B Mg
O FR AL B WL AR B e 30 b X 1Y) 10 36 23 4 SA/
SB I B e i i UL I A L LS Bpe L E B L M L B
KA TN N T B L o3 A L
P 2), HOUL I 2228 O 7 3K B 5 A8 IR 7 AR o) R
T30 LA S J 100 XS 2 4000 Z2 A3 THT F 2y 3
ORANEN o/ AN =R W (N PN S N X
FH T 56 TR A UL RIOR, S L i F 38 5 ] o Ry 6~
Thkm, EHMREY ERmEEEEELT.A

A4, 2017) . L AE 0 1 VAN R K B AR AIF5E R
FH 17 B 55 AT Y S B B AEE e il s i A (L B A
Wl

2.3 Wit

SR B T G} ) T X AR U R 2k 2ot AR TR 11 5
Wi, AT T T 3 413k 6 MEUEHIRR (R D).

(D) B—d 5 A — G (CTL) f
— A A B (RFRV) , T X H 20 81 A TG 8 ik %
R R] Ak X DL 485 R 13 5 10

D #EHHRE (CTL) A ] WPS )\ FNL #5534
FORME E AL FAFH] 2018 4F 3 71 4 H 14 B i6H(E
YER W a5 5%, JF 48 14 B By GSI-3DVar [A] fk
GDAS # %R SR DL 14 1 Br e b v 16 3
] Hif AR Widlk 8 h & 22 B,

2) A4 5 (RFRV) ¢ 6] CTL 355 . (H M 14 B
THRB 3 h (BRI 17 W) J5 . R = 43 # 75 % (Hu
et al, 2006a;2006b) [@4k 10 75 ik i 5 5 % B+
[F % i IVAP J7 i (Liang, 2007; Chen et al,
2017) [Al 4k 10 #BE ik A A2 1) 38 B WOk AR JE DA 17 B
[FAL G 1953 BT 4 R 00 46 3 1) AR 43 Bl 5 h 2
22 i,

(2) 5 4 55 - A3 46 P9 A [A) 4k L 56 (RF i
RV, FHF % o 40 A [R) Ak T 3 i 33 28 B 54X [W)
b TR TR AR 1] K 4D 45 SR 1 5

D [l (RE) : [7] RERV {5, HAE 17 B
AT A R 32 ] 7

2) [A4kid 5 (RV) : [a] RFRV {5, A 7€ 17 B
AR A AR 1] 3

(] 4 1 5 5 %of 25 R 2 i A PR (Tkeda et al, 20105 F (3) 5 Z2H A5 - A 45 W [a] 16 10 55 (Group A
x1 HERBREESR
Table 1 Numerical test configuration scheme
= NI IS NI
N e RERR 2Rk - T
1o 56 4 R 2 R L % I [al b L5 H I H
— CTL 75 o ¥ X H WA T 5 5 43 BT T 3 R IR] Ak 0 A UL 45
cT RFRV b b i 10 38 3% e
RF b % JiF A 10 TR Zi4y CTL #1 RFRV U5, % b 4 7 40 4k
ol A ] kA T AR A 3 A2 1]
RV & & B 10 Wk BRI 50 3
Group A i 2 Liiﬂﬁt 5‘2;%?* %64 CTL B RFRV i % . 4 1 40 7 36 6 K
= - (ﬁ W T 5 A O X B i R I X R
Group B I £ ﬁ)l\ﬁ)l\Tlﬁ\mJl\ QE%EU?ﬁulﬁJ

AL 5 i




466 A

% 5 46 45

1 Group B) I F %} o 70 Bt 5 B X 30 Gix I %) 4, 5
KA AR 5 B M AT IS 230 km P A X 30
T8 R S B X R Tk G XA Y X 80 R[]
XL AE 2R (9 B2

D a4 i85 (Group A): [l RERV 5, {H 1
17 A IR A B8 2 BH M T K L R 5 AR
i R B DX I T T8 B AR DR A 1)

2) [al ALl (Group B) . [l RFRV i %, (H7E
17 LRI ML T 3 B I sk 5 FR B
i (I 5K DXl ) S R R P AR )
3 BRIt

AR SCH [ D9 3 T 1k GRS I I 28 R 54U
F14 82 M0 DR Ibe T 5 A 3k R ) A 15 7 X A 4L 4 2R
AN G N EIPURIE-S Q=528 1 SIS S TP
A 1] 8L E ) T AL ADL5 R A4 5 ) [ Al A ] 25 7
F14 7 8 GORE X LA Z5 SR B2 e 3 ST T T JE X EE
W 5E.

3.1 EERRMEAAXRBLE RN

Pl 3 25 T S 0 RS AR Py R 2K [l g 33 7 5k
P SEBLER UL 3 A 4 H 17 B JF 4 52 i
WL 5 A% 100 km « b 0 3 B i) 75 1 b 7 1)
Bah, & T dk 2 & e de 15 (& 3a,, 3by ) FlE i 9
S9IH T2 (8 3e) ~3e) ISP Be, 76 18 I A1 19 B,
TR A R AR BB AL 5 T8 BTS2
(&l 3a;, 3by ), Z J5 [l P FF 45 4 %¢ 6 rg Ab B B
(B 3c)  ALBL B W 5% 25 A5 A o B SR AR 4 5,
B AR G — 7 R A ) 3% R O R b 1 O
5 . CTL I B0l 1) T 3k 4 & S5 R Am A
Il T 2 5 AR b — VU g ) X T 5 T B BCAY AT
B T8 42 Bl 2% AT AR A7 i ASE 00 1S B DX LR T A
SURLES: K P N N e R R R Wl T A
B R T AR (/] 3a, ~3e,), MHELZ T, [F W) [E 1k
A R F R - FIAR ) B2 S ) RFRV 50 B2 40
()R AL A R 5 B AR AR SR A I L S 50 i K
AL ) e B AR T B [ i A (H AR B L T e
LR 5 I8 BB A | fR VG R ) AR AU R RS 8 L DL R
AR5 T Je 3 W T R RS ok R (8] 3as ~3es)

IV R 5 3o Oy T VLA S R T A K XU S

M, B K 32 B BLAE R R e ad Z Ak /N Rt R K
A FUH A A T B R N 26 7 B Y S 7 (] day
~4e)), CTL I B A FEK ZEE PN G R
SPARIAE D, th T WAk 1R e e
SRR TR B e R Y R R AR
AT 5502 RER (B 4a, ~4e,) . T RFRV
6 76 7] £k 75 38 GEORE T o ASTHUL 1Y A 7K a3 A R A 2 )
O3 A A L (] day ~4des) , T35 %R 1L X RE
2R R AUl A5 45 A BT S 1 ik (IR 5) s 0 U
) (19 78 B g R IR T B Y B A I 4R A 1 X R, D
ZIN IR AR R XS X 38k 437 F B B A IR 4R A5 B4 S s KL
BRAE 12 m« s 'L E (& 5a, ~5¢) ., CTL KLl
R R AT B 5 5 S 35 R o 7K 288 B0 s 1 T 4L 10 B 1
7 R E [ 2 R XU % IX A 52 AR b —PH R o )
H9rm 2 S8 K (K 5a, ~5e,) . T RFRV i % fE
A - b A UL S R 2 A IR ) 9 DR RS Bl O T AR AE
SO b SO0 ) A AR KX R A — E Y 2
B ARG PR R 06 A BT 1 6 s AE T (] Sa, ~
5e;),

X TR TR LA RO R /NI R R K RN
A R IR 174 it PP Al S8 5 TR 3R BB )6 X A5 4L
SES ARG B (B 6), RERV RIS EIBIN 3 NE
25500 A A A OC R 8L T 7R B A B 20 # L
CTL {50 25 3 A U 0 4 5 - CTL I 40 1Y 3 4~
FAE 1822 W P-4 1 25 A AH 56 R E 40 0. 25,
0. 16FA 0. 44,1 RERV iz 55 f#H ¢ 2 £ 43 71 0. 39,
0.30 F10.51, 3 1 B W) £k 75 35 9 R} o 50 20 e 2
AR R s [ o0 A T R ekt . A Ah B IR VERHRE
X6 e 1] 387 i R K R XU TS $E 43 (R B 4L A R 4
RTEIrHE RN =40 dBz. /NI B AP Rk
=10 mm, /MR RGEIE EH=13. 9 me s )
WA U P CTL i B = 2R AE 1822
BE 351 TS 343 43 5128 0. 02, 0. 03 F10. 02, 1
RFRV {50 (TS #5353 %y 0. 04,0.06 F1 0. 05,
I U B B A TR A b o TR R B £
75 B ST 35 A N R

3.2 BEHABELXREL DR E R IER I 70T

P2 BR 5 7K XA 2 T AUT) A i X R
PR Y BEIR BT AR 2 — LR k2 O R Y
W B AE (Newton, 19505 1966; Fujita, 1955;



%Al Wi 5 T 2K ORI AE X — UCH V4] 7 5% UL RE 4R 3o i 5 A 400 19 52 i 20 A 467

Ludlam, 1963; Thorpe et al, 1982; Bluestein and BHXYIZER 3 km & KBRS, CTL 1
Jain, 1985; Bluestein et al, 1987), B 7 4 T EiVN R =R Rl V2 5 e w1 T S VA o TR R E )
CTL i 5 REFRV {5 #4019 & /N 0~3 km A T RERV i 30 85 00 19 5 B XY 78 76 i 2 i 7 29

B3 LI AR UL 2018 4F 3 H 4 H ()18 H, (b)19 B, ()20 K, ()21 B, (e)22 Hf
3 /NI T R 4 A S % () RT3 km @ B IR (R, Bifi: mes 1)
(a; ~e) MM, (ay ~e, ) CTL iR » (a5 ~e; )RFRV X 45
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(vector, unit; m+ s ') at 3 km height at (a) 18:00 BT, (b) 19:00 BT,
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Fig. 5 Same as Fig. 3, but for hourly maximum wind speed
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Fig. 6 (a) Spatial correlation coefficient and (b) TS score of simulated (a,, b;) radar composite reflectivity,

(ay , by) hourly accumulated precipitation, and (a; , b;) hourly maximum wind speed

from 18:00 BT to 22:00 BT 4 March 2018
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Bl 7 AR 2018 4 3 H 4 H ()17 B, (b) 18 B, ()19 B, ()20 B, ()21 B,
(D22 W B /NI 0~3 lem o B X YTAE GHAE)
(a; ~f)CTL 55 , (a, ~ L )RFRV X 5
CERESFHLNH 3 km @ ERT 3X1071 s ARG XD
Fig. 7 Simulated hourly 0—3 km vertical wind shear (shaded area) at (a) 17:00 BT, (b) 18.:00 BT,
(c) 19:00 BT, (d) 20.:00 BT, (e) 21.00 BT, () 22:00 BT 4 March 2018
(a; —f,) CTL, (a; —f,) RFRV

(Purple contours indicate convergence areas == 3X10 % s~ ! at 3 km height)
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Fig. 8 Same as Fig. 3, but for hourly variable temperature (shaded area)

and surface pressure (contour, unit; hPa)
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AR E R : 0.2 mo ™ 1) s REARAR | R = F K 271 21 17 20 G 2% 19 167
Fig. 9 Cross-sections of simulated three-dimensional reflectivity (shaded area), hourly variable
temperature (contour, unit; ‘C), and horizontal wind perpendicular to squall line (vector, unit: m s ')
and vertical velocity (vector, unit: 0.2 m = s ') from observed (a) OBS and simulated experiments
(b) CTL and (¢) RFRV at 18:00 BT 4 March 2018

(Black triangle represents the location of squall line)

®2 FERARBEMERGTEEX R TSIES T

Table 2 Comparison of spatial correlation coefficient and TS score of simulation results of radar assimilation test

-~ 23 [A]AH ¢ 2R 8 TS 4~
CTL RF RV RFRV CTL RF RV RFRV
H LA R 0.25 0. 36 0.27 0. 39 0.02 0. 04 0.03 0. 04
NI BT K 0.16 0.25 0.17 0. 30 0.03 0.03 0.03 0. 06
7N A K R 0. 44 0. 49 0.46 0.51 0.02 0.03 0.03 0.05

e WAL AT RIIE 2 RPN =40 dBz, /NEFREK B IE 5 H O =10 mm, N K KGER T R = 18.9 me s 1

Note: * : Radar composite reflectivity score =40 dBz, hourly precipitation =10 mm, hourly maximum wind speed =13.9 m « s 1.
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UL A P& 9)
Fig. 10 Cross-sections along blue line in Fig. 7b from simulated experiments at 18:00 BT 4 March 2018
(a) RF, (b) RV, (¢) Group A. (d) Group B

(Mlustration is same as Fig. 9)
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B1L &I 00 B L Y R 2k % 3 3o 72
WM, (b)CTL, (c)RFRV, (D RF, (e)RV, ({) Group A, (g)Group B
L8 R AN R I 20 75 35 21 A A % K F 30 dBz 1 X 480
Fig. 11 Observed and simulated moving process of squall line
(a) observation, (b) CTL, (¢) RFRV, (d) RF, (e) RV, ({) Group A, (g) Group B

(Color shaded areas indicate areas with radar composite reflectivity =30 dBz at different times)
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