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An analytical study on the barotropic energy conversion
in the lower tropospheric monsoonal flow
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A RSTRACT. The mean zon al flow pro file along .r. for J uly mon th a t d ifferent level s in the lowe r
troposphere and at differen t longitudes in the Ind ian region . confined between two latitudinal walls is considered .
The ana lytica l function for each zona l flow profile is obtained by express ing it as a cosine Fourier series . A
barotroplcally neutra l perturb at ion o f d ifferent functio na l depen dency a long T. an d the \l.ave structure along x is
speci fied init ially. Using non -dive rgent bar ot rop ic model in a ~.plane. the barotropic energy conversion
tendency <8c/ot ) (K£. Kz) a re evalu ate d an .t)) tically for differen t ob ..erved zona l flow profiles.

The s tudy of the barotropic energy convcrvion tendency ind ica tes the d isturbance a t levels 8S0 end 7CO mb
receives energ y from l anai kinet ic energy. the most preferred sca le is around 6000 km. 1 he harot rcpicnllv
growi ng wav e moves fro m east to west with phase speed o f abo ut 8 m sec-t and minimum loca l doubling time
is abo ut 4 days.

I. Introdu ction

The instability of mo nsoonal flow can be regard­
cd as o ne of the pos sible mechani sm for forrn ati on
and gro wth of disturbances in monsoon al flow.
O ne of the impo rtant disturbances of monsoon
flow is a mo nsoon depression. the y origi na te at
head Bay of Bengal, tr avel no rth or no rthwest
across Ind ia at average speed around 4 m sec - to
remain co nfined in the tro po sph ere. belo w 300 mb.
Monsoon depression s are mo re intense in lower
tro posphere and have a horizontal sca le o f a round
2500 km.

It b generally felt th a t the initial grow th of a
depressio n is due to the dy nam ic ins ta bili ty in pa rti­
cular ba rot ropi c instability. beca use the ba roclinic
instabil ity is not operat ive for lac k of sufficient
ver t ical shear in zo nal flow : the CISK (con d it ion al
instability o f seco nd kind ) mec hanism is responsi­
ble for the further growth,

Th e instability analysis is done by using pertur ­
bat io n technique. It is qu ite d ifficult to tack le the
instability problem analytically by an eigen value
me thod for morc general flow. a flow having shea r
in meridional as well as in vert ical direct ion . T he
ba rotropic ins tabil ity ha s been stud ied by several
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autho rs, notably Kuo (1949). E1iasen (1954).
Lipps (1962) . Jacob and Wiin-Nielsen (1966)
and Yani and Ni tt a (1968). The baroclinic
insta bil ity of a zonal flow is investiga ted by Charney
(1947). Eady (1949) and variou s o ther authors.

Instead of find ing solu tio n of a general ini tial
va lue pro ble m. insigbt into the insta bili ty charac­
ter istics of a flow ca .i be gain by using a more
rest rict ive trea tment o f so called in itia l tendency
method. where in it ial tendency of pertu rb at ion
tl O\~ and variou s energy exch a nge between basic
cu rrent a nd d isturba nce a re obtained. G enera lly.
in itia l perturbat ion tak en is barot ro pically and
baroclinically neutral whose tr ou gh a nd ridge
lines having no til t in ho rizontal and vertical, By
studies o f th e initi a l tendenC) of barotrop ic and
baroclinic energy con versio n th e sta bility ch arac­
ter istics of the init ial perturbati on can be determin­
ed .

The advantages of initia l tendency method for
-tudy of ins tability of a flow over eigen value ap­
proach are th e followings : the amplitude of init ial
pe rt urbation no t necessarily be infinitesimal, the
basic zonal flow having meridiona l as well as verti­
ca l shear can be tackled easily an d ana lytical solu­
lion ca n be obta ined in this case. Th is me thod is


















