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AUSTR AC r. Vertical circulation s o btained by combining vertical mo tion with the ccmpo ncmv o f horiz ontal
motion suggest the existence o f Walker, Hadley and monsoon-ty pe cells ir"l certain narro.... latitudinal and longi
tudinal sections acros s the r nonvoon rrcugh zo ':le in the rirne -rnean July atmosphere O'er India a~d neighbouring
Bav of Bengal. The deduced vertical circulation cells appear to be con sisten t with the drsf nbutions of diabatic
heating and coo ling computed from heal and mo i...lure budgets-and rainfdll computed from lhe mo isture budge:
equation. The heat budget sugge sts that to a close ap proximation, .Q .'CI'::::-aw twherc fJ i'i the rate of diabatic
heating , II' is the spcchic heat of air al ccnstanar pressure. w is the veruca t» velocity and 0 is the static ..rabltlrv para
meter! over this region as well as found in some othe r parts of the monsoon bell. The importance of a vertica l cir
culation cell forced bv the mo untain systems o f eastern l limalayas in the maintenance o f the monsoon trough and
the distr ibution of rainfall mer northern India is discussed.

1. Introduction

Although monsoon has been stud ied in Ind ia ove r
many decades (for rev iews of studies, see, c.g .. Ramage
1971. Rao 1976, Krishn a rnurti 1985), there remain
seve ral areas in whichour know ledge and understanding
are far from complete. One of these relates to vertical
motion and possible existence of vertical circulation
cells (monsoon. Hadley and Walker-type) which are
d irect ly relat ed to distribut io ns or monsoon rainfall .
As is well-kn own . vertical motion is not directly ob
served and has to be computed from other parameters
involving wind, temperature or vorticity. Quite a few
method s are available for such co mputations. Yet ,
10 date there ha ve been o nly a few co mp utations of
vertical motion in basic monsoon flows over the Indian
reg ion includ ing th e Bay of Ben gal ('.,1( .. Dus 1962.
Saha 1968. Luo and Yanai 1983). Most o r the co m
putations do rr; relate to monsoon di\lurhancc situat io ns
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( ' ,,1(.. Ruo and Rajamani 1970, Krishnumurti et al.
1975. G odbo le 1977. Sah a a nd Chang 1983. Sanders
1984). Possible exis te nce of vertica l c ircul ati on cell s
in monsoon has been examined by some workers
i e.g.. Koteswar am 1958. Rao 1962. Das 1962. Ram a n
1965, Krish namurt i 1971. Asnani 1973) but only
a few of them based their conclusions on actual com
pu ta tion of vertical motion. Rao ( 1962) who stud ied
mean meridional circulation on the basis of the vertical
distribution of the meridional component of the wind
at rawin stations in India concludes that (In elevated
Hadley cell (northerlies below. so uther lies above)
exists to the north of about 25'N with the monsoon
cell (so utherlies below , northerl ies above) lying below
th e Hadley cell north or thi s latitude. Da s (1962) who
computed mean vertical motion over the Indian sub
continent finds evidence of an cast-west a nticlockwise
verti cal circulation cell with its rising bran ch over the
eastern Hirnalayus a nd sinking br a nch ove r the desert




















