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Numerical Experiment on the Development of Convective Clouds (II)

—The Effect of the Difference in Liquid Water Content——
By

Tsuneharu Yonetani

National Research Center for Disaster Prevention, Tokyo

Abstract

Three comparative experiments are performed using an axisymmetric cumulus
cloud model with Kessler's parameterizations for microphysical processes. There
is the main difference in temperature profile between the initial states of atmos-
phere for runs 1 and 2. The air temperature at a certain level for run 2 is
lower than one at the same level so that liquid water content for run 2 may be
smaller. Air temperature profile for run 1 is as follows: Temperature at 1km
level (T)) is 20°C and lapse rates above 1km ({7x) and below 1km (/%) are 6.0°C
km-! and 9.0°C km™!, respectively. That for run 2 is 7,=15°C, ['%x=6.6°C km™!
and /'7=9.0°Ckm™!. The atmospheric stratification and initial conditions for
run 3 are the same as those for run 1, and 10 per cent of the rate of condensa-
tion in ascending moist air is treated to be excluded from the domain.

A comparison between runs 1 and 2 shows the following: (1) The atmos-
pheric stratification for run 1 is more unstable than that for run 2. (2) Although
the updraft for run 1 grows more vigorously than for run 2 at early times, the
maximum updraft in space and time for run 1 is smaller than for run 2. (3) It
is suggested that this occurs as the result of smaller rate of condensation in
ascending moist air for run 2 than for run 1, which arises from lower temperature
for run 2.

A comparison between runs 1 and 3 shows that the difference in the amount
of liquid water contained in a cloud makes little difference in the intensity of a

cumulus cloud at early times and considerable difference at highly developed
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stage. For example, the maximum updraft at 30 minutes for run 3 is 1.2 times
as large as that for run 1. It is also shown that 10 per cent decrease of rate of
condensation causes the delay of time by 1 minute when rain water reaches at
z=0.5km of the central axis and causes the delay of time by 2 minutes when
downdraft forms at this point.

The results suggest that the difference in the amount of liquid water affects
the intensity of cumulus convection and consideration is given to this when we
study the development of convective clouds in atmospheric stratifications with

different air temperature by several degrees centigrade at lower levels.
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Fig. 1 The domain of initial disturbance and initial states of temperature 7" and relative
humidity RH. There is a difference in the initial profile of temperature between
runs 1 and 2. The saturated region with the same temperature as the environmental
air temperature is given as the initial disturbance. The height of the domain is

10km and the distance between the center of the cloud to the lateral boundary is
20 km.
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Fig. 2 Time-height variations of vertical difference of the rate ol condensation in
velocity w {m/s), specific force of the differ- ascending moist air is produced by the
ence of virtual temperature g(Ty—Tw)/To difference of temperature.
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contained in a unit ait mass g€ (dyn/gm) at
the central axis for run 1. Shaded areas
indicate that g(ﬂ,—fu)j?:g,(().

— 97



[E vl SERPE T v 2 — W FE15%  19764F104

DERC R > TEL LD THS, 7272 L 10 5NN 2 O EBAIED - TV 553,
ZOHFEEKROERICLID SO TIIARS WML » 3FLE L THEAE 2 (1.5~2dyn/
gm) EFITAES LELIBRETHE, o CofElr —ldyn/fem T hkE<, 1050
RO TIL —2dyn/gm X /S WiESE L LT 5 2, O KRESNRETH .
ThZ s HAOMHET 15 FUEICES B, 0@ ORICR LD LS ITHAN KT
ﬁ%tt@ﬁm%ﬁf$5#%,mm®ﬁ%t;ofﬁf¢Ut%®f%6:&ﬁ%ma
E DEMKE S AR THPRMBTENC T L TL 72010 ¢(To—To)/Te OIEIZE TR
HARE LR TWD, WERHETIIEHRNOS biori b ORERT GRECHE L Ti3ig
3°C OFET) BEULTHE,

g(To—To)Ts OREEIZEANT 2507 SR A 1 32 EHEE 6km (22303 5 24.6dyn/gm Th
D, g6 O 37 HFEE 6km 122175 13.4dyn/gm TH L. FREAE L (RIREE T &
LNDEAMET TR RNz L, KB AR T L 725349 5 5308t
W, RN REEEIFOMAS AR E R s EE L2 nTh 5
3.2, runl & run 2 SO

T run 2 oL BT S EREEORIELZRTLA LS (K38M1). £Mhcs
UHRNMED 3mfs ZHMAB LR -7 N1 H2EETHLTHY, Rz ST
LRAMEX 33 6km 1T3135 19.1m/s THD, ZhE run 1 L TRL E, &
AN HT LEKER Smfs 2 AEENE run 1 O L20EIFE 2 55y, LasL Mg
BULHEKMER run 1 53 1dmfs NELT-TWa, Thbh, MitEfsEomip
BEICBW T run 1 B2 run 2 X0 % ERMIEREAEEZTLTH58, HHERED
FEELEMEIC SRz run 2 OB runl 10 AELHE L - T4, E- Tl
AR Tun 1 O LBRGKEICER S CW A, 21 2=0.5km 12303 5 TRk
P RRENIMELNE, tun 1 €13 19552 20 50 TH L DI LT, run 2 TIL2245 2
3FOMTHS.

RITEIRBEE AT X » T U OB 2 U C A X 5, Tk s X Ok OER, TR
BENIISHIOBROEEBC L - T ¢(To—To)To DEILERTHTL S run 1 O Faik
3<&chMﬁM.L#L%HﬂHLUamﬁf’%’mnlﬁfﬁﬁﬁb.lﬁ%w
HIZTRAOEELEEE LHEMRL TV 250, REOEELEEZ un 1l @72 run 2 &
DREETHL L%, FROZLEFLTVWS, BRERIT, =y b bf v AV FEEWE
LTERRBEBE L1 RKTHREE T A L5 EREEOR AR, runl @ 27.9m/s
THL run 2 T 22.7mfs THD (EFREZEE L2 1 RS T A0 BRI
DUVTHEFIAEES (1974) 2 £88). 7tds 10 LTI R 2 ((Tov—To)/Ts SiE O T
run 1 OF run 2 DAL -TWS, ZOFEE, run 1 OFH run 2 X0 & KGD
RS RERTH - 7272075 TR, #MU L 9508 E run 1l @ 1.5~2.0



SHEOEE T SRS (O)— 443
dynfgm (24 LT run 2 13 1.0~l.4dynfgm & run 1 OFME7moic bl 22400 h
.
BRIIKOFEIOHEZHTAL LS, run 2 CHlikA L& ZSEL 703 22 ShiTa b,
run 1 OFFE D i3 0B - Twv b, EIEGEIZWIHOBRZH 0T un 1 OoFss

D

DT THLAN, LaL 2805 METaA0E run 2 OFRI< T 5, 28 5Lk
OETERDE R ZATERTI T run 1 O L2 run 2 1 H L& KRIEIE L - T,
DL, run 1 iZ kT HRGONEILIE X gL 2 SEOI IO LA run 2 2k A
L OMMEOTEECE L 2L o Tu it d b s, L EEEOMLEN T ET S
RAMEIE run 2 OLRKREL B ool 2 2 EECHB LTIV EFE2LNRS, ki run
CBWTHAKRS run 2 X0 &< M -720, MESIEOIREIC ST 22 LIRS
VIZEREWZ 28375 HRTH S,
3.3. runl & run 3 LOHE

run 1 = run 2 L CIEARGKOEFIRGES R Tz, & 2 CEHEAKEDOHIE S TIZES
CHMEDFEINEOHE AL 5707, run 3 A AMAEBRL{T-7/-. b, run 3
T ANRORBIRE S TOWERNFE unl 2F—ic L, B L THELKORED 10% *
WUZ-, K41z run 1 & run 3 oLz s 5 FSHE, FEELSCL -4l s e

w
o

%]
o

W (m/s), 9(Tv-Tv)/T(dyn/gm)

0 AT ._...-..-.-..iv.-.-....-.... 1 | 0
0 10 2 . |

B4 o(To—To)To, w HLV @ OHLENZET BRAMOBMZEL, EhiE run 1
BE#RIE Tun 3 ©fiiTH L. HiE run 2 o5 KBEORAETSHS

Fig. 4 Time varation of maximum w, g(Ta—fl_"v)f’Tu and €@y at the central axis for
runs 1 and 3. This shows that the artificial decrease of 10 percent in the amount
of condensation of vapor causes the difference in maximum 2 and g(Ty—ﬁ,),’Y_’”
after 10 minutes.
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Fig. 5 Time variation of € for run 3 (broken lines) and the value
of liquid water contents decreased by 10 percent for run 1 (solid
lines) at z=0.5km, z=2.0km and 2=3.5km of the central axis.
Time variation of w for run 1 (solid line) and for run 3 (broken
line) at z=0.5km is also shown. The time when rain water
reaches at z=0.5km {or run 1 is earlier than for run 3 and the
time when down draft forms at z=0.5km for tun 1 is also
earlier than for run 3.
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