0577-6619/2009/67(6)-1045-57 Acta Meteorologica Sinica S, Z¢ Rk

o~

SREYMIERMENEKRKEZRELZRE
HI I EREBTAR

FERN mA M BaEs!
QI Yanbin"** RAN Lingkun' HONG Yanchao'

Hh R B RS B 5T L L. 100029

Hh [ A 2 B AT 52 A B » B A 100049

T N TR R I A% KA. 130062

Institute o f Atmospheric Physics, Chinese Academy of Science s Beijing 100029 ,China
Graduate School o f Chinese Academy of Science, Beijing 100049 ,China

. Jilin Weather Modi fication Of fice, Changchun 130062 ,China

2008-04-07 Y Hi » 2008-10-22 Bt [ul.

QJ[\')>—‘CA.‘/N>—\

Qi Yanbin, Ran Lingkun, Hong Yanchao. 2009. Numerical study of influence of cloud-hydrometeor advections on precipitable

cloud system. Acta Meteorologica Sinica, 67(6) :1045—1057

Abstract Advection transport effects by wind field is a very important macroscopically dynamical process for weather systems
in real atmosphere. Cloud hydrometeor advections by three-dimensional velocity vector are closely related to evolution of precip-
itable cloud system and connect the macroscopically dynamical process with the temporal and spatial variations of cloud hydro-
meteors. The advection transport of cloud hydrometeors may increase or decrease the contents of cloud hydrometeors and
change their spatial distributions so that the development of precipitable cloud system may be prompted or broken up. The pur-
pose of this paper is to investigate the influence of macroscopically dynamical process on cloud microphysical process by chan-
ging the cloud hydrometeor advection transports in the numeric simulation of a heavy-rainfall event occurring in North China
during 00:00 UTC 12—00:00 UTC 13 August 2004. Combining the NCEP/NCAR real analysis data and routine observations
of surface level and sounding, the ARPS model is employed to carry out simulations of the heavy rainfall event. including one
controlling experiment and three numerical experiments in which the horizontal, vertical and total three-dimensional advection
transports of cloud hydrometeors were excluded, respectively. The result showed that the simulated specific humidity was little
influenced by the cloud hydrometeor advection transports. The three-dimensional advection transports of cloud hydrometeors
was propitious to enrich the mixing ratios of snow and graupel, while the contents of cloud water, rain water and ice were held
back. The horizontal advection transports of cloud hydrometeors contributed to the mixing ratios of ice and snow, and dimin-
ished the contents of cloud water and rain water. The vertical advection transports of cloud hydrometeors improved the mixing
ratios of rain water, snow and graupel and at the same time, worsened the content of ice. The analysis of three-dimensional ad-
vection transport effects showed that the influence of three-dimensional advection transports of cloud hydrometeors on precipita-
ble cloud system was realized via adjusting the source or sink of cloud hydrometeors produced by cloud microphysical processes
and the sedimentation of precipitable hydrometeors (rain water. snow and graupel), and then changing the vertical spatial
structures of cloud hydrometeors. In addition, the contribution of the advection transport of snow to itself was also important.

Key words Macroscopically dynamical process, Cloud hydrometeors, Advection transport, Numerical simulation
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Fig. 2 The reflectivity of radar in Beijing at 12:00 UTC 12 (a) and 00:00 UTC 13 (b) August 2004
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Fig. 3 The 24-hour accumulated rainfall at 00:00 UTC 13 August 2004

(a. observation, b. simulation; The contour interval is 5 mm)
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averaged over the space (37°—39°N, 116°—118°E; 0.2—15.2 km) (b, 10™° kg/kg)

and the vapor equation difference between NoAadv and Ctl averaged over the space (¢, 10 s ')
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Fig.7 The same as Fig. 6 except for cloud water (a. 10" ° kg/kg, b. 10" ° kg/kg, and c. 107" s ',

in which the solid line denotes F"cl , the long dashed line denotes FL,CZ s

the short dashed line denotes F, ; and the dot line denotes F, ;)
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Fig.8 The same as Fig. 6 except for rain water (a. 10~ ° kg/kg, b. 107° kg/kg, and c. 107" s ',
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Fig.9 The same as Fig. 6 except for ice (a. 10 ° kg/kg, b.

107 % kg/kg, and c. 107 s, in which the solid line

denotes Fl,‘l , the long dashed line denotes Fqiz , the short dashed line denotes Fqlg and the dot line denotes Fqi,i)
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Fig. 11 The same as Fig. 6 except for graupel (a. 10" ° kg/kg, b. 10" ° kg/kg, and c. 107" s 1)
(the solid line denotes F{,h\ , the long dashed line denotes F,,hz , the dot-dot dashed lie denotes F(,h_; ,

the short dashed line denotes th1 and the dot line denotes F"),3)

it NoAadv 5 Ctl 2z BE45 W) IR FEL 5 # 45 I
ZEIMT AT B 2= BEAS W) 0 = 4k 37 i 1% 2= 7 R
=BRSSBT B AR A SRR RO R KR T B R
KR TE 2 BESE W) 10 = 21 37t i 228 AT LU i i K
IS R B A A A S (RN 25 K s 2 R B P
T R AR A Y R W B I R AR . 55 A B
Py 19 = 4 - 3 i 326 8 TR K 5 9 T 9 A I
BN o

6 %5 i

FIH ARPS #2505} 2004 4E 8 A 12 H 00 Bf—
13 H 00 B & A= 76 rf E A2 b H DX %) 3 B K oo F A7
BE AL, TF R 3 43 Bl HEBR 2= 86 45 W 7K 8 F- i i
6 3 B % A = 4P Ok ) ORGSR . GE
b X Ll 3 BT R g R A g A AL 2 R 25 SR
WS 2 M Bh Iy it B = BELS W) T i i 2% 0 K =
R R EELEY) & R IR SE A IE e T B0

TS 5 7 T S 0 22 S AT RE UL . dE A A
mr4ie.

(D) ZBELE Y)Y KPP 3 36 B A = 2
T R AR PR B A B 355 W 5 = BEL W  K P
-3 i T LA AR 25 A = K RIR K A B oK
FIER & it (E e AT W] R0 W 5 o= BE S W Y 2 B
PR T LA A 25 N 2 oK IR K SRR Y
TR K R AN W s B BRAS) = 4k T
UL 325 18800 S 0 ) 2 KRR K I s vk R R
e HE S5 1 B R

(2) =BESEY) = 4EF- i i 1% 1) U 5  4 l
I 72 7K 22 5 32 B ol SRR 0 -5 4 ) U 1 K
AT 22 A 25 7K 3 10 22 3 [a) A ok 5 1 Hovh =
IR0 2 32 B8 3R SR 0 5 5 i 38 5 vk
25 57 56 A 2 phy AR A 4 ) 1 ) 2 R I 22
SR s UGS 5 R I B K 22 e E R
R T 7K IR T 22 R R 7K 7 R 3 8 30 22 3 [) o s



FrEEARAE - 5 BESE W) T U X T K = AR R T R IR A ST UL F 5 1057

14 5 SRR 6 5 s i 6 1) 25 R i ) b AR b I 2
BT R A IR0 2% BRI I T R
B E I 2% DA K ik 0 25 A — s sTmk AR E AT Y 5T
AR X SR U LA/

T HLRE SRR R Y s R A )T T Ak s
HK ) BT 5 05 e A S B L A S i R
M) At 4y L 3 R () 4 S B AR) 5 AR SO A X 4 R
A5 U] 2 LR 1) WO i 2 (V) 42 7 R A T AT
1953 BT I 45 6 ARPS #5520 0 45 i 7 # 4 w) D) g 57
TR — A a7 R ) PR OR i 3k 72 W Bl ) ) = e 4
Yy - d 35 R K = RS2

M4 Lin(1983) #l Tao 4 (1989) Wy BF 98 T4k .
TRV 2 BE 25 ) S ) B 5 A 1) 2 i 2 TR R L OKR
FU W R 25 BE 25 0 1Y) BRI B KORE - 1 T 9 R 1R R
R ZKORL 5~ 1) B 500, PRLMTE 2 IR 200 s 2 BB 435 00 1 Ui A
K B G o B S S TR o BELS Y Y A3 (A TR A
At o SR I 33X 2 8] H T 43 AT T 3 B A ) ) 3
SRR A R R B I SO D, i — 5 E B BEAS Yo
A3 25 4 1) PR R e R KO 5 o Y AR Ak B 4
T > T ERE 220 R AORE T i 2R 30 152 0 b T A K ) A2
b, BAREELS 2k BEE TS 2 Bt fe
SRR IR A U AR /N JLF- 7T DA 2

References

Deng Y P, Cheng L. S, Zhang X L. 2000. Three phase cloud explici-
ty precipitation scheme and mesoscale numerical simulation for
generated cause of the“96. 1”7 snowstorm. Plateau Meteor (in
Chinese), 19(4); 401-414

Gu G J, Wang A S, Xu H B. 1993. Effects of ambient wind on the
development of orographic-ctlvective cloud. Quart J Appl Me-
teor (in Chinese), 4(4) . 394-401

Hong Y C. 1996. The numerical simulation study of ctlvective —

stratiform mixed cloud. Part (II): interaction of clouds and

formative mechanism of the heavy rain. Acta Meteor Sinica (in
Chinese), 54(6); 661-674

JuY M, Wang H J., Zhong Z. et al. 2008. A simulation study on
the characteristics of cloud microphysics of rain storm in a
meiyu front. Acta Meteor Sinica (in Chinese), 66(3); 381-395

LiuYB, HuZJ, He G F, et al. 1995. A numerical simulation on
dynamics and microphysics of convective precipitation over me-
so-scale mountain. Acta Meteor Sinica (in Chinese), 53(6):
157-167

Ping F, Luo Z X. 2007. The numeral simulated study of convective
heat and moisture budget in the tropical. Chinese ] Geophys
(in Chinese) , 50(5) . 1351-1361

Xiao H, Wang X B, Zhou F F, et al. 2004. A three-dimensional nu-
merical simulation on microphysical processes of torrential
rainstorms. Chinese ] Atmos Sci (in Chinese), 28(3). 387-
404

Xu H B, Ding Z P. 1997. The neutral ctldition of moist vertical mo-
tion and the formation of meso-beta system. Acta Meteor Sini-

ca (in Chinese), 55(6): 602-610

Bt /325 3 STk

R R AR L Sk /NER . 20000 = A 8 X K 7 56 A TR 4R
“96. 175 T7 gL g b RSB mIEAER.19(4): 401-414

BEZE, F A V. 1993, FREE X XU X = & R B
M. ARG 4D : 394401

PAERE. 1996, FURIR G = BUH A BB 58 (1D — = 46 B 1 B B 28 T
PN, G 54(6): 661-674

WO F DU Bl PR, 2008, — U I 45 % T 2 4 BRI B0 S M
B IE. AR %4k .66(3):381-395

X E 5B A IF 4. 1995, o ROEE ik 5 RE B9 3 1 R
FRECE AL, KA .53(2):157-167

SR BB 2007, BT O B 5 K TR S B B AR L AL
BRI PR 2A 4R .50(5) 1 1351-1361

MOME, E 220 R AR S 2004, SRFEIK = 1 FE A B ) = 20 01 A
BF5E. RAFHF.28(3) . 387-404

VR, TR, 1997, 1% ok 3 B2 2l 45 4 F P -Beta R 48 19K 1.
KE#.55(6): 602-610



