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REBEGHHEGHE 2 LEEEZEHENGH o
Chang & Lau ( 1982 ) PIEEHR B (
TSN ) SIE RS B ( EEY) » RUER
L&  18-20N, 110-120E ) E i 4L B %k

EHE:

W TSI ¢ & B R 1S
(1) 12-24 JEF AR R BH BB S m/s LI E o
@QEFSN)ZHHT A EM 3 KLU LR R i BE



294 KRB

&2 FEW> (GMS-1 VIS at 0300
GMT on 29 January 1982 )

AR7m/s BlEk-e

RiEHEHEER
MR E2 m/s LITF e
@QF &M Z Ktk HEF5EEH 6 XL E o
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Air Mass Transformat ion Experiment ;
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meso-scale Cellular Convection ) 258
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(3)¥gH LT M EE ( sensible heat flux )
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(4 #EEAE ( sensible and latent heat
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MABEL - FAKBHEERERRENTHE
NEEBN - L ERANKRZ REERS HEME
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#F o Kuo and Sun ( 1976 ) R 7 MR
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REEMREZRKXA » BT BAENORERBERR
Ho ERMTERA  BRARKAZRR » MY
BB HEH o Asai and Nakamura ( 1978 )
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—=—u——0— + fv— -
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—=—u— —0— — fu —— -
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KEFHR BB =0
a6e 96e 26e 96e
— =—u —(v) —g— +
at ax ay do
diff(fe) 3)
g
=—RdT | 1.+ 0.61q— q¢ )
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aqw aqw aqw . dqw
—_—=—u —_ v - a
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do (]

ap= j' 3(ups=)
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k : von karmen constant
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g=——
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Rd: EERAELTEN
E: ensemble-average turbulent kinetic
energy (u’? +vitw i) e
diff : diffusion operator
( ): ensemble-average over turbulent
eddy flux ( )
* local deviation from ( )
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R 2 AR » B LA =EEE > F—R
ﬂﬂﬁﬁﬁﬁi‘@ﬁ ( adjustment stage ) » AR
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# ( horizontal advection stage ) o ki
BEKMIE (diffusion stage ) o LlGadd (
1978 YA R HifY split scheme » HAFAYER
5 RAFE BAE A o il BB LM for-
ward-backward scheme ( Gadd, 1978 ; Sun
, 1984 ) o KFEEFREEM Crowley’ s (
1968 ) second order scheme o EGRRFER
trapezoidal implicit scheme o ¥BIS%HE
B ( staggered ) @B MM 4 o
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B AT B R AR R R L BIB9S 1 L 1
MRAKA - XMAEHEEEH » YRASHPT
cBMAEMRX-Z FHZHEE » EFRTHRE
B1013 mb, BERRES 680 mb o BEHFAS
SEEBE MUTERE > AZHWB 80m - KFESH
MZEMBED] BD2 PPBEHEA XHE 300m,
HMAERARIEOESER > RREB 15km o }
BERPAXR 500m , X EMARLE 0ES
BERRES 25km o
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#f% | Kuo & Sun | Asai & Nakamura | Sun & Hsu £

Ly (1976) (1978) (1988) (1988)

mERR = —# = ~

B B NI 575 5138 BHEE

gge@aﬁm RER £ 1 # ¥

ARE®S (& '

) T %8 RE %8 1.

ETHES AER =M XER RE K

Hhm 28k Bulk Bulk Businger Businger

Breeay B K

FRE 550 m 4 km 30 km 8.5 km

HEABKTE

B PE 55 m 100 m 2 km 500 m

(F—) EEAHHE
h 1 dr df
Date (km) . (km) 1/h (deg)  (deg)

0000 January 3 1975 1.1 6.8 (NOAA) 6.2 330 12
0000 January 9 1975 1.5 11.0 (NOAA) 7.3 330 3
0000 January 11 1975 1.0 5.8 (NOAA) 5.8 315 4
0000 January 12 1975 1.4 11.0 (NOAA) 7.9 320 6
0000 January 16 1975 1.0 5.8 (NOAA) 5.8 330 10
1200 February 10 1975 1.0 6.0 (NOAA) 6.0 320 10
1200 February 15 1975 1.0 6.0 (DMSP) 6.0 340 0
0000 February 16 1975 1.5 12.0 (DMSP) 8.0 340 -2
1200 February 16 1975 1.0 6.0 (DMSP) 6.0 340 0
0000 February 17 1975 1.0 6.6 (DMSP) 6.6 330 1
1200 February 19 1975 1.0 6.5 (DMSP) 6.5 325 6
0000 February 5 1976 1.8 15.0 (NOAA) 8.3 310 5
0000 February 23 1976 1.0 6.2 (NOAA) 6.2 330 20

(%= ) RW¥EMosulpo 7 1975 & 1976 MEXLFBMIIZHMOFEMAR -
I : BEHEHAFRE -

h : EENEE -
dr

T EHRIEIARA o

df : ZEER R BITE MR A
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Miura ( 1986 ) fEfist ST EHHBRE Lt
Ei% ( JvhMosulpo ) ML INE 2 - FHER

B EXFTERLZHR » SRENEEND
#1-1.8Kkm fH » KFEREF % 5.8-15.0 kmH
» el (1 /h aspect ratio )&% 5.8-

8.3 » EHBEIAKRA (dr) WE-2BEINNE

km

2 2EHERBERTRBAKRED AIOWELD
B2 o X B R B R T ( geo-
strophic balance ) » BM{LEAXER » 815
HuBRv ZEEFRERATHRAERER - v RS
-3 m/s, VIRB-10m/s, RBMiura BRI
EHREL - BERBUNEC - MHERHRBRR
-2EC-@BNREE (20/52 )R5.21°C/Km
o EEERBNME ( Ninomiya, 1975 ) HEEE ©
M5 BRAIR SRS - AABRMRKS R » RTHRL
BEHBARTREEER » 5731249 BIZES (
shock wave) » AR#¥RHE LUO)RX BT R FEXE SR
RIRMMBWAEENEC - HAERHHRERM
N o ZEK T TT 1 E R B BRI o
Tsea = 271.13 + ( 284.13-271.13 ) « ( 1—
e0 00014t ) ®
EERSTR (BTH ) BB vy HRSE
BE B0 B SRUK PR BE 75 =] £ R R A Ay Emun M 6
iR o LiBEE S R Ninomiya ( 1977 )B9IBE
o470 2 T o MAERIBAMG % ML HER » 65
LR IE RN A - AHARRHRSL/N
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s USRS O 75 45 R G RS A K B9 S o

6
_ (z,t)=F(z) . (l_e—o,oooss(:—:o) )
oy -

&6

aq
—(z,t)=F(z) . ( 1_e~o_00056(t—to) )
dy

q

ql'lll X

t RFFHE
tRERS (%) FHRBAMBIRRM > t > ¢,
Qma: 2B 3g/kg °

EERTRELEY HREBLE > y HARAHRA
BRI TR N (R EM B SRR ) o
—B y B R R B 7 B RS » A A4 syl
#5822 ( geostrophic adjustment) » 78
i [ B DK - T SR DNAR T 4 A9 R o

- g ([ARD1502)

U —HEBA RS 20 MR AR BB
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BED2 BB » F_BEANT—-BEHBT
(grid column ) WRBHAE—KEBRAHER » F
BRESER S N AREXKFH RRHEH (
homogeneous ) W BREHEABRA R » FTLES

REARBIA—RKNFEHREE) ( random per-
turbation ) BBMHMAEL -

BED1 o @7 5B FERFRHAY 80 o etk
Wy EH > £A R WA B ENBALRTER
B EARANBARBAFRNNEK ( eddy ) B
ATERBTE o A5 a0 B EERE %05 ) 38 hn i 4% 5

T T T T

3k 33
- ]
2k 2

(KH)E E(KHJ
1E 1
c ]
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FeI R/ C BR T Bl 5 fB/)NKS 046 WO ) 7E 2R P Y
F1) o B8 RkBEREA) BEAE ( heat flux )
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RAE A -0.148 E-5Sec™! 48¥E#0.44

cm/s o
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KH_ KM
1E 31
T3 B 9 12 mis

B0 f8% D2 ¥ 3.0-6fayfuimig o EMuRM
BEHO1EK

BED2 -HIRIFFIRE 3PN EEE
EBRVBS > BMIRARS IR MEHBEE
EBRNE S o =/ \W5F > AFREEREF 800m
 LEEEESNS  RANBEHEERZ0.44
cm/s o HHAIKFEREHRI km £45 - M08
TR ERE LR NEER) - R/ R > hBLR
5 /0K AR BEE 1100m, B HGRE 7T B5E 20
cm/s , HEAKFEREHARS km o EfLBHS
o AREPHESBAT # 5 o FRhRERE
PHIIRK & M5BT REREDYNE N
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3 ; T T T T E 3
2F 32
KM | ,"‘E KM
1§ g g1

L

“—397F§

3T T2 G TS

W1 fEED2 F5 e EERE S0 %
S MIES 0.121 E-5Sec! » AR
HRA % -0.741E - 4 Sec™! fgh
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3 3
2 2
KM KM
1 1

0 3 b 9

W12 f8% D2 %5.) 062880 EY T4
BEHO0.1HK-

( internal gravity wave ) o HiFERE

ﬁ]EﬁﬁhE%ﬁi%ﬁKuo & Sun (1976 ) B

HREYS - BEhHM 7 TEHARREE—EREX

RYRR 0 » BB ER —E ERE -

h - g% (HEDC1§DC2)

BEDC 1 7E55 14 /NFFRS BARS I A% B X HE
' B—ERS BB/ o BEERDC1 B23/RAY
R (ERMBEDC2 2 WHBE - 1 AMAREE (
FERMEDL & D2 HE) o

BERDCl- MBR NS NRERA TR KA
18 50 ok AR B ol B RERS R AL o 14 /B > RSB
5B C5% 1500m o & RA TR » ARROE
BE W g — B 1R G R o RRILEY i J9iE 8 LR EY

FRIH 301
T T
3F i3
2F 32
: E
(KM) [ E (KM}
1E 11
T ]
E 1 1 1 .
270 275 280 285 290 235
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B13 MEDCI HRRMEMPILE -4k
M F 20 AM (R2)8) o

3F 13
2F 12
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1 E e
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- Y \\\\ i | 1 I
-1 0 1 2 3 4 5 6

X 0.1 M¥/S

M4 BEDCL &9k m8RiG F 0 M L
B o S LARaYd F 200 M (B4
B ) o

Bl OFARESS FRBRETFE - HREE
TSR » 0 RS £ 22 R W L AR — B A
(RERD1 LB ) o X% y 5 B0 A8 B
BFs > @32 REEE » (515 RE RN o
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BEDC2- MERRAEHAHREHABRPE
R E T HH R o TR T B IEY 35 5 FR
BBLIET - £ B /R HRHE-EER
e o FEFBRFHMERA—BEHEE 1 BHFR -
B8/ BRPHNTRG 4 BRER
318 » BMEEW T e B o it RIT T LU
o 3EHAR(HEXKERER 8.3 km ) 7[fE
RHEREESTRAIBER (most unstable
mode ) o MI68A7 5 IRMBEDC2 £ 23.5
M EEEE RUES - MBR 1S AR BR
DC2 WP W/ RNEERERCES - 758 23.5
NSRS SRR B E B 1500 m, MK BRERS

i
'9 a2}
‘|
of
N
0" :\Ln ! A!‘!‘ = = 40
hr
His f8E DC2 A PA AMBLGELR
&= TR

Bi6 MEDC2 $23.5.) 0869588 B
° o ¥{tEMIES 0.81E-6Sec! ,
BRRKEHERAES -0.236 E- 5 Sec™! 45
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3 e 3
20, 204. 5
2 S — : 2
——200, —) =
K"z;%. 278, 1
1E 31
e —
0 5 10 15 20 wu 25
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2 12
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1 31
10 °15 20 k4 25
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km o« R ESBBIMA > FURBHEEEERA
0,76 cm/'s ° LMIBE M S8R WA EBRN
o EBW PR RATHOEE » FILBRE
B BER MU RF 72 1500mE K - REZE LA EE)
E->ARHEERR TR HRO £ THRES
EAMET % - RANREEEED0 cm/s, A
R MBI A R REDRMBE.3 km o HERD2
(5 km) K#B% - BRDC2 BB ( as-
pect ratio) 55,5 MH:Miura ( 1986 ) &
Mosulpo BREME ) ( 5.8-8.3 ) o £ SR B
BEOESH (HB0.255ECILMBRD2 (WB0.1
EC)BMRABK o SR BRy M » HERBR
L RER KRR ARBORE DY - ERER
FHENDBERERHPRERDEME > AR
B TS - RTBHLRKUERATER ( en-

trainment ) o @M Deardorff ( 1976 ) B -

RN HERAER ( forced entrainmemt )
BYE -

X RER (BRMCIEMC2)

BEMC 1 7655 3 /RS BAAA TN A B

» B—ERIE 0/ o BEEMC1 2 6 /RSy

R (FRERMC2 Z9AS » LA MAES -

 BEMC1-W0H RS HBME - A% ER
KEOREq. o kEq, Rk KIS ME BEEER

W08 - REBK (EEDC1HHVEELY » BA
FHERS 6 MERARFERTE—RERRE

» BRERE 1500 AR » EREESMEER
ARS P ENEREE B - EARFALES
R R ARES - (768 R FA SR ESE 400 2
REEARMBEE®ERN - ARERSES (B
20)  BERCHATREBERGRE R ZREA
HD R A RE BN (5 IR T Rt iE % B
BEARRTE o ERIBHIMET » qv EARF
ABEBERS (H2) - EFEAKESET qv P8
0%- 5% KIBBEMREREZRAMBET 5—
BAE - FRRBREUA SR —BERE  Rh

FRE EXH 303

BRER 5 IR FRTIERADRETREN o
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NUMERICAL SIMULATION OF CONVECTIVE CLOUD STREETS

Wu-Ron Hsu Tan-En Wang

Department of Atmospheric Sciences
National Taiwan University

(manuscript received August 10, 1988; in final form August 31, 1988)

ABSTRACT

Cloud streets, which are often found over the East China Sea during cold air outbreaks in the winter season, was
simulated by utilizing a high-resolution numerical model. The model includes most of the major physical processes,
such as, surface exchange of heat and moisture between water and air; condensation and evaporation; and vertical
turbulent transfer of heat, moisture, and momentum. The purpose of this study is to investigate the effects of large-scale
cold and dry advection, and latent heat release on the structure of those cloud streets.

The heat (moisture) transported from the warm Kuroshio is taken away by the large-scale cold (dry) advection
in the region. The convective boundary layer and the embedded cloud streets therefore reach a quasi-steady state. Strong
shallow convection develops with airsea temperature difference maintained at a high level. The convection is further
enhanced by latent heat release, also asymmetry between the upward and downward branches of the convection is
largely due to latent heat release. We also investigated the aspect ratios of the cloud streets and performed buget analyses

for the turbulent kinetic energy.

Key words: cloud streets, convective boundary layer, numerical simulation, cold advection, dry advection,



