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Abstract The role of cumulus merger process has been widely concerned in investigations of development and en-
hancement of the cloud echo area, mixed-phase microphysics, rainfall and cloud-ground lighting activities. Some ear-
ly studies have shown that the average merged convective system is able to produce approximately 30 times more
rainfall and mixed-phase ice mass than the mean single-cell system. These studies. however. generally adopted ide-
alized methods to initiate convection, which could not objectively reflect the natural cloud merging processes. In ad-
dition, the previous studies were primarily conducted in tropical region or in maritime continent, and those focusing
on cumulus merger process in continent monsoon climatic region with complex terrain condition were relatively very
few. This study will focus on the formation of mesoscale convective system (MCS) due to cloud merger process by
a mesoscale cloud-resolving model MM5 to understand how a MCS is formed from single cells by cloud merger.
Numerical experiments are performed using the 5th generation of the Pennsylvania State University — National
Center for Atmospheric Research Mesoscale Model (MM5v3). The initial and boundary conditions data are con-
structed from the Global analyses of the National Center for Environmental Prediction (NCEP) with 1°X 1°resolu-
tion. Tri-nested grid domains are used in the current simulation, and domain is centered at (40° N, 116° W). Do-

main 1 has a resolution of 18 km with 85X 85 grid points; domain 2 has a grid resolution of 6 km with grid points of
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85X 85; domain 3 has 2 km grid size and 127 X127 grid points. All domains have 23 vertical layers, with sigma lev-
el. The Grell scheme of convective parameterization is used for domain 1 and resolved-scale moist processes follow
the Schultz scheme for cloud microphysics. Domain 2 only chooses the Schultz microphysics. The Goddard micro-
physics is used for domain 3. The parameterization chosen to represent the planetary boundary layer is the Blackadar
scheme and RRTM long-wave scheme is used. The 25-category US Geological Survey global land-use distribution in
MM5 is used with 5 min resolution in domain 1 and 2 min in domain 2 and 30 s in domain 3. The lateral boundary
conditions are relaxation/inflow-outflow. The simulation was performed from 0800 to 2300 LST 23 August 2001.
The used time steps are 54, 18 and 6 s.

The preliminary results suggest that the merger processes occurring among isolated convective cells forming in
high mountain region during southerly moving process play a critical role in forming the MCS and severe precipitat-
ing weather events, like hailfall, heavy rain, downburst in the region. The formation of the MCS experiences multi-
scale merging processes from single-cell scale merging to cloud cluster-scale merging, and high core merging. The

merger process can apparently alter cloud dynamical and microphysical properties through enhancing both low- and

middle-level forcing. The explosive convective development can be found during merging process.
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Fig. 1 The horizontal distributions of observational radar reflectivity (E) and precipitation intensity (P) at an elevation of 2. 5°; (a) 1457

LST; (b) 1558 LST; (c) 1728 L.ST; (d) 1927 LST. The detection range in (a) and (b) is 300 km, and that in (¢) and (d) is 150 km

1b) B, PUAS AR A BTG B IR KT R
JEIRF) 50 km LU B L, XFAS 2188 i g
LR BRIl s B ik 50 dBZ A4y, {H 1 FRAR
N BMaPl#E—2 LR, #1)17:28 (K 1o, Ball
M7 R C 2 it 100 km, 5 HFi & 7K -3 [
2550 km R BB R AR RAR RS 25,
RGARE o, FERIER G NI R P.O LA
G TBRL 50 dBZ 5 [T » e K ] 35 52 B 36 )
55 dBZ (B 1d), bl WL, @49 R 4 T8 B H
AZREFGEBEA, B2 RE/NREIE
BB IR EE (R SRR . SR 05 BT R AT
MERRE ., ZiPb D RA%E. &G RGN
5 HC BT B EAT 5 L SRR R A

3 R ROER KT
W58 % F PSU/NCAR rh R E# ) ki =

(MM5V36) 4 it # J5 2 AT A4 3 B W1 dR
3% NCEP (the National Centers for Environmen-
tal Prediction) 1°X1°GRIB %k, A3 % FH W i) =
HERE MM, WO AE RN (40°N, 116°E), 4%
H4r500 18 km., 6 km Ml 2 km, 7KF-4 55 £k 4351
b (85, 85) . (85, 85) Al (127, 127), 7 [H]
Mo My, 23 73, AT 100 hPa, R H
LAMBERT M J¥ % 5%; HiJE F1F 48 08 4 5 0
NCAR 5 min, 2 min 1 30 s HIJESERI L K 24 2
FRHEEE ;I B3R F & 43 %19 Blackadar 17
B R DA & RRTM K 3 KA SRS 77285
AR A Rt B A5 . BB [E] S 08 B % 23
Bf, B4 15 /NEF (900 min), BEK PR A — )2
KM Grell Bl 28046 75 %6 Schultz 4 3 8 =X
T, )2 Mg R Schultz Sty #0207 %=,
25 = ER& K Goddard B B0 %,



P 31 &

638 Chinese Journal of Atmospheric Sciences

Vol. 31

4 RUYLERTH

4.1 HUWRZHETE

R T EI B R S A R, K2 AT
500 hPa % FRTT - 5] 35 B XU AR S 4 A A4 sf i) YA
FR A TR LI AR L 25 SR LU e AR B s I E &
HFEGY R HARIE G . BB B IR R 48 9 5
LIS =AW EE. 1400 B (& 2a) . SRR
FALR A Bt st (X, e K A ) 25 dBZ L
b FEEES PRI T B0 R85, 14:15
B (B 2b), X iR & R mss I S A,
KIEIPEKF] 45 dBZ VA F. 14:30 B (& 20), X5
RS2, TR AZ A PO aE, 7
EAE KR T . Bz A 0 2R R 5 19 20 3% i
i, B 16.15 B (B 2d), 63— S8 s 1 BT
AL, B2 mp ol s s 3 E Y
100 km, 16:30 B} (& 2e), A= HFFIEZ IS
16:45 Bf (B 2D, RAPIEATER2IFE . sHKF
TG XA 5 U 17 U ARAE AR o

H TR R A A R, B 2h, g 4y
Bl T = 2 WA B R A A, 17:15 1 (&
2h) . BB 100 km, BHA 24585
O BEMMRa B RAIRE, TBEA Z 1 m
DI RS (B 2g), 17:45 B (B 2D, X
GLHAZAKT 45 dBZ BysmL . BEE X RS
Rk, LB G . TR AR
L (E 2, IZIE B HAS KT 45 dBZ gy 5& o
(E 2k, HFIHGERT, HIEEEAK. KRR
B4, KT 45 dBZ i95& 19 18 B Z i, H R
JEXT I R G AT BB (] 2D,
4.2 REHENHEEISH

LA ESSHrRT LA B B i 2R S AR
HAZREHGEREA . B &R E/NYHRIRIE
BB IR R EE (R SRR, SR SRR R AT BT
B KRR, Zoh O RxHR 2%, e RENK
S LIRS TR B ELAT 38 LT (BRI R G

ot RAEIEG G AR R RO, &3 4350
5 TR 2 HER AB, CD fil EF (% [m] 3% & KUK
Sy A B s [R] A4S AL 19 3 BT . 14:00 B (& 3a), H
1K Cay Cofill Cofii FLlisthIX . Bk CokbFHIHE
B, eRIFEENF—20C 20 E, MEGARKES
kT, Bk Cokh TR EB B, i K1 X 53

BRI T —20CJ2 EF. 0CIELL Bl EFFRRIX,
HR CohbF R RIS B . = WA % BT, i
KB T 0CIZ LT, R = H & A Kt vk AR
FHRIFIK, 14:15 BF (& 3b), Hfk Co il Cy S Bfk
Cofll CeZ 3B &I G o 7E CaFl Co PN AHAR
Rz, R AL E . AR Cais
S S TR T - ) [ L N N TR i W {5 N 15
BR300 L FT AR 2SS AR T £E O°CJZ L
PP, £E O°CIZMHE, FAR Canioms )
RHOFREE RS TR EAE B — 7K G
BRI, BRKTRG B THE 3 AN RE 5 4
Mol 2R AE O°CIZ MR 800 Z KR,
HRITF =i R RN, 78 Cofl Co A SP IR Z
], Bk ComirB OCIZLLF A FUUARIX . Rt
B 55 Rk CoJa o BT AR 7E 0°C
MBI R o . @A AR TR R B, 7E 0°C
EMHEAFAER R RIS (4 2.5X10 s ), A
FITEWHIE R R R, 14:30 (& 30), Hk)
AR JIGR , FRARSEATE G, I R i B
BEAmP LM R, s @R K, 16:15
( 3d) s Coltpe RIEPEALF—20CIZLL L, =K
TR, A OCIZ LA L Cp i 2R 5 XU [ i
Rb X F I W T LA N ER TR AL R R T 3
1. Rl Ceidat ARTIFSIE R, H e &5
G HRZ A F o3 8 RS BA WA,
SIRNTAEAE L — T U0, 16:30 BF (&l 3e),
B FREACREFIER, Comtil ol R U, HRAR AL
AT S A OC 2R TR B o, =ikW
BB U5 PR XA AR R FE 0°C 2 fiHE B 1
KRG A F) F = B &R ek, Cofl Ce B
AL, 16:45 1 (K 3D, CoMl Ce 28] = 15
FHE— sk, PEZEeHE. AT EG T #
N A i R b i 25, xR 2g~1, [
3g~1 R = )Z Mg r M 45, 17:15 wf (&
3g) Ce M= A Co Z [0 7E 0°C JZ BT i 8L = #F
TR CoJa Rtk A =, 76 B AR 7 1 1
AT, OCCELL R TR, FIRaESm
WTHER . 78 Ce M = B Co Z 18] B _E T+ »
OCIZMHE I B = WF . b T I Wt e B 2 i o i
1 O°CJZMHE IR 5 CoRiFRm m T iR FREE X
MEAERRIESEERE. 758, T 2R s
M, CpFIFR 2z A Co 7€ 300 hPa DA F K B 2 #fF .



41 A% . MEIHA IR R G B M 1EH
No. 4 FU Dan-Hong et al. The Role of Cumulus Merger in a Severe Mesoscale Convective System 639

MHRASG FHE R, SRS, $ 28 F 1745 8 (FE 3D, Ml Lk E5Eeita, B
HiRIE—EIE, HFEERMAAEZANRT A5 dBZ Y BEAZEPOHITRRE . s 2P H BN
s (F 3h), WA =T U5 A, X & KT 45 dBZ )

113°E 114°E 115°E 116°E 117°E 118°E 119°E 113°E 114°E 115°E 116°E 117°E 118°E 119°E
T T T T T i D
80F (a) ‘m@\\\\\ _\,s—,_\* \\\h- 42°N 80-(b).,__ NJ@\ \-I\ \I\ \I\\‘I\v},_l_&_ 42°N
—T“‘r&/'\\-\-\:»\\\\\\\\ i ;‘\\‘-\\\\\\\\
70; . 70%*\“‘-*“5\\‘:-\\\\\\\\-
¢ ; B~ =~ (S S35 NN NN
60 UN o AL P sy 4N
N e s NG NS AN R i s SCC SRS NN
= 50*"“\\\\"’\\\\\\\\\\\ 50%\\‘\-\»\‘&\*\\\ N N
Lo ON L ETTEIIT Joox
= - , \9‘
&) BN SN N \\\\\\\\\ '\\\\\ S
30\\\.,:\.\\; \\.\.\.\\\ 30\\\\\\\»
R B e e e s Sl K [\ P 39°N
20\\\_\\\}\\3\\* 20 P SN N S N S S
A T e \\\'\\\;\\\
IR NN NN~~~  PYOCIIE (U o o s S 38°N
\I\I\‘;‘.\I\I\:ll\‘\l\“I\I\I" Ny \ \ \ \ \ \ ~ \I N

I
10 20 30 40 50 10 20 30 40 50 60 70 80

113°E 114°E 115°E 1I6°E 117°E 118°E 119°E 113°E 114°E 115°E 116°E 117°E 118°E 119°E
T Tl U [

80} (©) 2 @ M‘F; S sesnoH 420N 80F (@) O g ~is @ e s E7A
o T — S S SN NS N iERAS: | :
LS I S NN PN 08 = = ==
- 5 ~ -~ o~y S

H 41°N 60 R e ; 2 v 1 41°N
E 50%‘\\;\\\:\\ : ]
g i 40°N i el S : T 400N
=1 40»\\\\\\\\\\ ¥ 4O ™ TN S N NN i
(5 \\\.\\_\@(‘1 \\\ \\\é\@a ‘

30 P s o~ 308~ ‘

B S \ St sd 39°N b iy ;4 39°N

20\\\‘\\\}\\\3\\ 20&\\5\\\.5\\‘
\\Qg\\ \.é\\.\

10 N ™ ™ N~ > %

,,,,,,,,,,,,,,, 38°N 38°N
\.\l\u\ \. \.\ \:#.\1\.\}[\.\-\.\3\: \.\ i \.\1; \.\ \
10 20 30 40 50 60 70 80 10 20 30 40
113°E 114°E_115°E_116°E_117°E_118°E 119°E 113°E 114°E_115°E_116°E 117°E_118°E 119°E
'Ié:l"l'l'l"l':l'l:v Y Y 'I'tl'li
80F (L o—i= @Qp > ->H 42°N 42°N
LI ‘ |
70/ T TN

NH -
H 41°N i 41°N

; > ?
B~ o~ 0 ~IZ NS =
e A

Loes
o),
AN

ol 40°N 40°N

Grid point

4 39°N : s 4 39°N
20 SONINN N N ST S
\\(ﬁ\\\\\“"\“
7 38°N 10 1”\”:\ \E,,,\‘ Rai e il
N

20 S NINS NN~ e~
P SN NN N = 5
SN NSNS N N Y

“138°N

i I
10 20 30 40 50
Grid point Grid point

B2 500 hPa 5K 55 R MM (a~D FISE =2 Mk (g~D B CGRAL: dBZ) KRR RS- IR AS : (a) 14005 (b) 14:15; (o
14:30; (d) 16:15; (e) 16:30; () 16:45; (g) 17:15; (h) 17:30; () 17:45; (j) 18.00; (k) 18.:15; (1) 18.:30

Fig. 2 Time sequences of the simulated radar echo (dBZ) and wind vectors at 500 hPa in domain 2 (a-f) and domain 3 (g-1f): (a) 1400
LST; (b) 1415 LST; (c) 1430 LST; (d) 1615 LST; (e) 1630 LST; (f) 1645 LST; (g) 1715 LST; (h) 1730 LST; (i) 1745 LST; (j) 1800
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Fig. 3

Same as in Fig. 2, but for the vertical cross sections of the simulated radar echo (light solid lines) and wind vectors along the line AB, CD and

EF in Fig. 2. The heavy solid lines indicate the cloud outlines with total hydrometeor mixing ratio of 0. 1 g/kg. and the horizontal lines denote 0°C and

—20°C isotherm
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