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Impact of lateral det rain ment a nd downd raft on t he
summer monsoon cloud clu sters
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ABSTRACT. A spectral cumulus ensemb le model has be-n used 10 determine the impact of lateral detra in;
men! and convec tive downdraft on the cloud dusters during different phases of the summer monsoon. The model
consis ts of a pop ulation of clouds of different sizes which are in different stages of their life cycle. Entrainment and
detra inment is considered to take place at alllevels. Each cumulus cell has a n updraft and a corresponding down .
draft which originates at a level below the cloud top depending upon the depth of the cloud. Upper air observations
collec ted from stationary ships forming polygon.. over the Arabian Sea and the Hay of Benga l during MONEX-79
have been 1I"C.'11 for the study.

I. Inlrodul'liHIl

Recent studies have shown that the cum ulus con ­
vection plays a major ro le in the onset a nd subseq uent
maintenance o r the As- ian summer mon soon . Th e
latent heal released im ide the cumulus cloud" is a
po tentia l so urce of ene rgy in the development .o l'tropical
dis turbances such as the monsoon depression s, 1,'hc
na ture of clouds and their impact en the surrounding
environment van' significantly during different synoptic
situations. For· example. bimodal distributions of
cloud base mass fluxes involvi ng shallow and deep
clouds were found over the M ai sbull island in the
western Pacific and in the tro ugh regions of easte-rly
waves over the equ at orial Pacific by Yana i ct al. ( 1973)
and Cho & Ogura (19 74). On the other hand . a
unimodal distribut ion of shallow clouds was fo und In

the trade wind inversion lore over the western Al bntic
by itt a (1975). The heat ing and moisten ing of the
surro un ding env ironmen t a lso vary con siderably. , Th.~e

studies provide a basi s of cumu lus pararnctenzanon
and the results thus obtained may be used fo r the
observational ver ification of a scheme.

T he purpose o f thiv study is to investiga te the rol e of
late ral de trainment an d cumulus downdraft on two
contras ting. phase s of the su mmer m~m~oon . Th ese
phases arc an onset phase ~nd a break 111 th~ monsoon
phase. In the fo rmer period deep .~onvect l o ~. occurs
over the warm ocean leading to the out-burst of ~hc

su mmer monsoon while. in the latter case the convc..::tlOn
is genet ally suppressed causing 3 period o f lean ram~a ll

or brea k in the mon soon. Cloud cluster p.opcrt tcs

have been deter mined using it spectra l diagnostic method .
Severa l sensitivity experi ments have been co nd ucted to
st udy so me of the arbitrary parameters defined in t he
mcdel and to de termi ne the impact of latera l detrain,
ment .1Od downdr a.t on the summer mon... oo n.

The model fo llows the pri nciple or Ara kawa an d
Schubert (1974) and Kao a nd Oguru (1987). It co n­
sists o~ a spectrum of cloud subenscrnblcs of different
SiLCS which are in different pha-es of their life cycle .
Clouds are classified into di lTerent types based upon
their fractiona l rate of entrainment. Each cu mulus
cell con sists of a convective updra ft and a downdra ft.
Entrainment and detrainment are cons ide red to lake
place at all levels in I he clouds.

The Iarge sca lc mean vertical rna...... tlux .\ 1 j ~ given by :
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where. u ; ( - l~ m... ) and ,\1" ( \' 111,1, )

are the net upd ra ft and do wndraft mas~ fluxes. Th e

subscript ; denote s the i ll , clo ud type, .\1 i~ the muss
rlux in the sorrounding environment. The net cloud
mass nux lIe is defined by :
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