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Simulation of Physical Characteristics Evolution in Cloud Merger
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Abstract Physical characteristics evolution in cloud merger is critical to the evolution of cloud precipitation, which
is also important for short-term forecasting and study of precipitation. So, in this paper, using WMF (Weather Re-
search and Forecasting) model, the authors simulated a merging process in Guiyang on 5 May 2005, combined radar
observations and MICAPS (Meteorological Information Comprehensive Analysis and Processing System) data, and
analyzed the processes of precipitation convection merger and the evolution of associated physical characteristics.
The cumulus merger processes are of diversification, experience the process from neighbouring isolated cells merging

to cell-cloud cluster merging, and neighbouring cloud clusters merging into widespread precipitation system. In the
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merging processes of several stages, the change of temperature stratification structure curve all shows that unstable

energy releases during the merging, and unstable stratification before merging tends to more stable stratification af-

ter merging, especially at middle levels, tends to neutral one, which is advantageous for the dominant development

scale becoming longer. The physical characteristics alter significantly, which shows that before and after the first

merging and complete merging, the maximum precipitation at the convective center all increases strongly. However,

the changing of the maximum upward flow velocity is contrary to the changing of the maximum precipitation. The

maximum upward flow velocity generally decreases after the merging. While, the average upward flow velocity all

decreases before and after the first merging and complete merging. The average precipitation in the whole cloud re-

gion mostly tends to increase.

Key words convection, merger, numerical simulation, physical characteristics

1 5|8

B I FEAALRENE 2 1A Y FRUBE R i B e A A8
b 5 | i TET 5 R 7K 52 e R K 38508, i LI 7E oK
B RAARICHEER R S A EE AL (Orville
and Kopp, 1977; Orville et al., 1980; F 5y 4= 4,
1980; Wiggert et al., 1981), T X =& i3
(LI LA S AL 545 380 [ N AN 92 3 T2
M ENINE A VE 2573 LI B AR A =,
FEREET XX = BIAH EAE ARG TR R

Simpson et al. (1971) ¥£H ZFgh % B ik H X
WL Y — e 23 I Gt A AT HE A LI X AN =
Rep 8 HA 1000 =06 (AXFSIEFEHIER T
XA, 86 %5 IR 7K, Turpeinen (1982) 4E/r#r
T GATE (Global Atmosphere Research Program
(GARP) Atlantic Tropical Experiment) 46 P2
261 RI=IFG . RRILHE 9 G, H5 554
()2 IFG AT AH 28 2 [0 3 3 B I (8] 22 76 5 4380 LA
P, 880 W Il 5H BE 25 7E 5 dBZ LA, il =B AR
(B () b 9 BE w42 R, = ) IF . Westcott
(1994) 38 325 BRI F 35 [l g 9] A6 28 B 65 0 I i &
Ak, 48 A IS B = AR TR I sk
SRR, TEHAI hE 5T T A IF R AR, &k
B 15 26 B AN B U5 B X 37 25 AN [ 14 B ol 3l
HHRAR I RS IR AR, K& 6T
JEH T o R AKCEREf

FAE 20 4 70 A0, BAE (1981) A M
7 A UKL IR O AR th 2P N E— > R
R A IEMELY, RS B2 ¢ TkE . SRR L
N R AN I R T S A R HRGE (TR AR
Yo, 1988; #EICEE, 1987a; FMmEE, 2007; &
FE 2, 2008; Z5HaflZE, 2009a, 2009b, 2009¢) .

WRIUAF (1987b) HAEM 4R A B U1 T
HICMPLIE, RIAEEE AT TR G | B R
GRS R A I WAER, W H R A G IFRA
2 55 2 PR R R 5 8 R ) B B 2 A AR R R I Bl
AR IARWTE R, & IR i st AR A 2
THEREZRBER, TAREE (1998) Xf—kH R
FEXTIR R G, RIZ PRI R = B IEA S
el 2Ry K, I Hahnag B FoiR,
HRW ETHE I AR EE kR, AR
K (2007) MR R BoR, AIFE T RIREL,
TE B K o K Rk R F . A R T 5K ok
RS = . UEBA XTI 25 B 0 B K R X i R
SR A IE AN . AR5 (2009a) X 1L H
Xt = IF G T MR Z R & = K R T 40 &
B, X I A R A RS AR Ay IR A
PITER, I AT RE S TR ) P Bl 2 MR K
ZHEAAE (20090) X 2= IEG WG O B AT IR &
B, XA IS SRR = B IFA 2N o
F R ERIF AR Y . AR AR AL T R R B B = KAt
G X BE e IS RN = B BTG Y,
AR AR L R = B R A
ARG NI A IR L E B AR A AL A
J7 RS T AR B SRR . SR, [ P st %
b (D N SRR T, andf
At BEEE R KB BRI A T B AR
PR, = AR B R AR . X S %]
P SUR AR S S I N0 1y P R |
WA EEE X, SRR S RIS A4
B B Je N T3 TRt A TR IS (R 52 MR SR AH G
HIRFFE R/ . PR A SCal a1 R B — A RUEE RS
T A WRE B TR SE . 454G 2005
45 H 5 HBFHAYE IR EER L K MICAPS (K,



33 BB B T Y BRI A AU 5T

No. 3

LU Yuhuan et al. Simulation of Physical Characteristics Evolution in Cloud Merger 473

ZAGRLRE T RGD FORL X — WK B3
I AR P AR BRI R T TR AL 2
B BN E I GBI E/
BRSO (7K AR

2 BHHXRSEH

AL 2005 4F 5 A 5 HERAFERHB—K S
G BN B R IE T, 2K R B Kt # s 7
500 hPa FAFTEm 2 (KBS Bl R IF ] 4 7%
g, KW KR e =5, AR R, 5
BT I BV 2 SR A B TR A A TR O
700 hPa {37 F P4 2 — BB i VT — EL WA A AR IR 1 28
Kk, FHohr e Bt — B A, Y7
LR RTAEAEE KR AR G WA R FKIRINAR &
ETF. IMIE R K. #E 850 hPa 5, FEMfL—
TLPRAEE VISR . R WU SR 6 . A 4Rt
. WSS, AR REE IR, AT
b R A o W T 2 A S AL PR o e =X % N = 1)
MFREFN, ERMBRINE AT, EFE
FIFBE A AR S R ZET, TR IRER
EFX, RS ARG AR ARE .

TE 2 Z R BB H O B ) T
R BEAHTE Z A KIREELS B = o M HE = F Y
RIE., HXH A RHAE (CAPE) 4 /K F 23 £ii
L 1a (W3OS R ED T BT 0w Fa A 5 I8 AS 7 b
W R BRIR A, W EARR A EE R A%, B
BEADL X Sk g M 1) CAPE B . (AAER 2k
s XA BRI I RAE IR B T 2200 J/kg, Fr
PIVAEH 255 il R . X BURH S AN e A A i
R, FRE SR TTE, LB S
HERSNNCTE, TER IR A R Z R IC T 1 AN
WHEHEIE B - B IR & 5 = R0 1k
KIS AR N RS E AR = . R B BH
(57816 & ul) B EUE ST [ 1b (SRR
ED] AIE . KI B8R EHR KN 41.0, S
i) HA—2. 9, =R WHELTARRERE, AH
TR AR E

3 BUERNMLT N

3.1 BN BMEUFTZER
AT A A O B — AR ROEE B WRF
(Weather Research Forecast), WRF £z 2 E7E

AN T s — A RUBE A ) TR ABE RN DR I
&4 (3Dvar, PU4E[FR4L) . BA 58 RN 55 Fii i
IHARERY T Iz B TG Bl . WRE 53R FH 4 57 F 7
Pt A E S E BN A RER R AR EFE
BRAM B, KV PRE S HE 1~10 km,
ARSCFIFH WRE T R EUER L. thT o REm
JLFEK, =PI i 28 B R E R, % 8
KHWERE T ZR., EARE 52 9 km,
3 km, PR Lin 5%, HIBASFIK K
Y. KIS K KL KA TR, . RT R
WRFE & 24 MM £, 45 TR s R
FITEAN P AR . AR S L & XEE—2
K% F& 1 Kain-Fritsch % £, % "2 M# (3 km)
AFKMSEA T % VR RT 73 P B T i =X
5 R ITTRY . BU TR IR AR 1 R4

BB ML 2005 4 5 H 4 H 20 BFFFAR 1
KB 6 /NEF—R I NCEP 1° X 1° 2R F 4041 99k}
YERE 50, B 2005 425 H 4 H 20:00 (0 min)
2|6 H 08:00 (2150 min) & A= 75 5 M H1 X 19—
A, HAS AR 20 min B — R E5HR. &K
W% AERE 10 min i 5 — K &5 8. DAHCREFR LS
G BB R, HIRASH
3.2 AEIEE R AN BRI RT e A

BRI 720 min B %] (BP 5 H 5 H 08 ) (&
2a) = RZW5AG JRARFIE MRS 5 3 5 H 08 i)
700 hPa @ (] 2b) R i X AR X R . FEA
UL T [ 3Bt RS0 T 3 [t R T P st 220, DA
HITRB A (B 2c RRED , BN 2= R %8 E 5
fi ARSI E A E N (E 2 JER—2 mH
AU 118 T 5 [ e AR08 T ) 7 3k [ 98 o Rt A 4
i, IR IS5 ik 50 dBZ 45 . MR —Bf
[E AR (& 2e) AR (I 20) 1Y 6 /)vik A
IKEXFHE, bR THEA AR A 222 A0, Bk
KeF s WA IO L A W] KNS SEIEEE R A,
BN 5 4340 T A, WA 43 A SEAS B0 114 HE 4%
I SBIEIARVG [ RS

ZE XTI AT DL, ASEALL A 45 L 55 S 45 S L A
T, AT UL A5 S AR A% 5 FHAR M PSS I 25 2R
PRIk ] AR RSS2 SR T R A RIS

4 RMEAGEEENERORANDN
BUNZS IR . 762 R BT IAIR RS 2l 7



xR R % 36 %
474 Chinese Journal of Atmospheric Sciences Vol. 36
34N (a) =720 min NS~ e s s "lg/ls(i PN =
TN . ‘ g : T
N ] g N e
:iétb;ikk;‘ AP e 0.80 o RN
RN RN - Sttty ’ 4°N
£ R I N & et Il - L
IR 2%
TN By O
SERRRRRN SFrtaataasy :
28°N{ =213 ian A 9K ooy O30 3N
N TR e e 7 ALz x| 0.20
. TR S SR I s it T T e 2| -
o et //j///:v/'/ 0.15 30°N
Gl e e B W
A - 1 S s o
. = = S e
24°N == — : Sy a2
= 20°N 3 :
7 e =5 = :
22°N = = 0ms 150N
101°E  103°E  105°E  107°E 109°E 111°E 113°E
30°N
dBZ
55 dBZ
50 70
29°N 1 45 65
40 60
55
35
50
28°N - 30 45
25 40
20 35
on | 15 30
27°N 10 P
5 20
0 15
26°N A1 -5 10
0
1_6 m/s -3
25°N
103°E 104°E 105°E 106°E 107°E
(e) =720 min ®
31°N 31°N
\ mm mm
e 30 30
29°N 20 29°N > 20
: a4 -
2 2
27°N 27°N
. &
25°N 25°N (U]
102°E 104°E 106°E 108°E 110°E 102°E 104°E 106°E 108°E 110°E
& 2 (a) #1500 hPa & T S5 K& (b) 5 A 5 H 08 i 700 hPa 3 (CBAfii: gpm); (o) Hil 670 min B} 750 hPa 45 17 75 1 813 5

(d) 2005 4E 5 A 5 H 0658 52 TR 5 AE; 2005 45 A 5 H 08 BF (o) BUBIAHT (D S 6 /N1 BFRR K

Fig. 2

(a) Simulated water content at 500 hPa; (b) 700-hPa height (gpm) field at 0800 LLST 5 May 2005; (c) simulated radar echo at

750 hPa at 670 min; (d) observed radar reflectivity at 0658 LST 5 May 2005; (e) simulated and (f) observed 6-h precipitation at 0800 LST

5 May 2005
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whole region, and (d) upward flow velocity averaged over 600 = 400 hPa for cells A and B



P 36 &

478 Chinese Journal of Atmospheric Sciences

Vol. 36

M, A3 1. 48 m/s, B3N 4. 15 m/s; 345 10
38R T B B AN, X 5 s
e KT AU R AR — 3, AR H TR K Y 4 B
YEREA R B s #5220 GhiE . BN
SV A R R, A KGN 4. 74 m/s, B
WA 4. 57 m/s; 480 min, YK E RN, XL
AR AT 5 T A B K LR AR — B
4.2 MR=EMTHE=EAHEFT
4.2.1 BFEEKGEE

AT 530 min (] 7a), DX sEl, CHy
— AR AR R . X = VR AT S A LA
X G BRI SR BEIA 50 dBZ; XA C 5
Kl si BEik 40 ABZ, 5, 550 min (& 7b) 7E4k

(a) =530 min

28.3°N A

28.1°N

27.9°N - - - . .
103.6°E 103.8°E 104°E  104.2°E 104.4°E 104.6°E

29.05°N A i \
@1

28.85°N A

28.65°N A

28.45°N A

28.25°N A

28.05°N -

27.85°N
103.8°E  104°E

1042°E 104.4°E 104.6°E 104.8°E

LRSS T C. D B, C fikp
Bk mE B 50 dBZ. 20 min 5 (& 7¢) %Fifh
TR ZH D, 590 min (B 7d) i, C, D
SEaItA, RO 1 BOR E ik #) 50 dBZ D I,
e T —AEREITE . SRR WA 2R
R R R RUBE X 2 A
1,2.2 bt P A RERALEE

AT 530 min B (F 8a), Xk = D 1y
SRR TR B TR, OCJZ AT NP KR
Wi, 5 C iRz dsET i, RARS BT
AR A LK D RS R U0A a5 S R AR Al
HArs s <E T, #if C kL e . M
F O°CEMHEAAER R IR B XIS, 7675 K

(b) 7=550 min 10 m/s

29.1°N

28.9°N

28.7°N A

28.5°N A

28.3°N A

28.1°N
\ 3
27.9°N X : : .
103.6°E 103.8°E 104°E 1042°E 1044°E 104.6°E 104.8°E
(d) =590 min 10 m/s
29.0°N

/

\
28.8°N - y
\
286N N
28.4°N
N
28.2°N
28.0°N -

o

T 104°E 1042°F

104.8°E  105°E

104.6°E

104.4°E

10 25

40 50 dBZ

&7 [EK 3, {H t=530 min, 550 min, 570 min, 590 min
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Fig. 10 Same as Fig. 6, but for convective cell C and convective cloud cluster D
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Fig. 9 Vertical distribution of potential pseudo-equivalent temperature of (a) cell C and (b) cloud cluster D at 530 min, 560 min, 570 min,
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Fig. 13 Vertical distribution of potential pseudo-equivalent temperature of (a) cloud cluster E and (b) cloud cluster F at 610 min, 650 min,

670 min, 690 min



