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Mom entum flux, energy flux and pressure drag associated with
mountain wave across western gha t

SOMENATII DUTrA

Meteorological Office. Pune - 41 1 005, 11lI!i"

(Received 2 AU8,H1 1999, Modifi ed 30 Jun e 2000)

"ill<" - j[ll W1-"" ii 'ljffil fl;~ 'Ire fl; tr<l<l\ll 'IT'l fl; ~-T"t etl ii iWT m ~.

iWT ;J;VT\~ o>IT tr<l<l\ll iWT U WI;;; i;l'I<ntM 'lit SI ''4''"''1''' 'ffo1 'l>T lI"llffi~ 'fIl1 ~ I

m '!'r'I h ii~ fil«m <rrR ii<ll,<hOl 'l'lo '"~ iIfuq; llllTi.' (U) :1R ,>rr<!\ <R:

<men~ (N) <rrR %3!TllT'ft.~.~.~.~ llllTi.' '" <m flt=~ 'fIl1 ~ I

~ ll'l<R (3!= 3/lIanll) iWT ii iWT m ~ fl;~ (= ~) <f>IT <W1
\lVIl~ fl;~ (31= ~)m 'l>T 'lOT 'il"<1<fT ~ I <m "" >fl «<WIT 'fIl1 ~ f1l;~
'Ire fl; tkr<rn qffi 'IT'l q\\~ fl; 3!!U 'IT'l ii ~~~ m-a ~ I~ 'Ire ii tr<l<l\ll
iWT <h~ ljJlj{;jj ii i;T1I i1>1lvl fl;~ o>IT iWT m ~ :1R iWT ;J;VT\~ fl;
~~ 'l>T 'lOT <'I"'1T'l fl; fmr. m fl; Wnmrt3!'i U ll1t<f~ fl; 3lj<lR fi\.~4011<'1 iii

~ U ll1t<f~ 'T1( 'liJ1j:R 'l>T~~ 'fIl1 ~ 1

ABST RACT. An attempt has been made to parameterize the wave momentum flux wave energy flux and
pressure drag associa ted with mou ntain wave acros s the Mumbai- Pune section of western ghat mounta in in India ,

A IWO dimensional frictionless. adiabatic. hydrostatic. Bccs sinesq now with cons tant basic flow (1I) :mJ constan t
Drunl Vaisala frequency (N) across a meso sca le mou ntain with infinite extension in the Cross wind direction. has been
considered here .

It has been shown tha i (or a vert ically propagati ng (or decaying} W3\'CS the wave momentum nux is downwa rd (or
upward) and the W3\C cncrn flux is upward (or do\\1tI,\'ard) . II has also been shown thai both the fluxes arc independen t
of the half wid th of the bell shaped part of the western ghat . The analytically derived form ula have been used 10 compute
the pressure drag and 10 find out the vertical profile uf wave momentum Ilux and wave energy Ilux for di fferent cases of
mountain wave across western ghat. as reported by earlicr workers .
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1. Introducti on

\Vhcn air flows over a mounta in ridge. a stat ionary
wave disturbance is set up in the air current. The se
waves, when analysed with respect to their wave length or
per iod. fall into three categories : short waves of period
much smaller than the half pendulum day are gravity
waves; and longer waves with larger periods are quasi 
geost rophic, plane tary waves of the Rossby type. Meso
scale mount ain can exci te on ly gravity waves
(Emeis. I990). These gravity waves propagate upward s.
transferring energ y and momentum possi bly to grea t
heights. Because of the mount ain waves the pressure is
systematically higher o n the upw ind slopes than o n the
down wind slopes and thus exe rting a net force o n the
ground . Th is force is known as pressure dra g or mount ain
drag. It is one of the sinks in the atmospheric momentum
budget. This drag is a sub grid scale phenomenon 111 a

(325)

numerical weather pred iction model and it is required to
be parameterized . To ach ieve this the dependence of the
drag on grid scale para meters mus t be kno wn. Usua lly
this pressure drag is splitted intn three main co mponents.
form drag. wave drag and hydrostatic drag. Form drag
again ca n be splitted into viscou s form drag due to the
viscosi ty o f the air and turbu lent form drag due co the
additi ona l produc tion of turbulencc mainl y in the lee of
the obstacle (Erneis, 1990). Wave drag includes the
effects o f gravity waves, inerti al waves and Rossby
waves. For meso sca le mount ain. inertial waves and
Rossby waves do not occur. In response to the net
pressure drop between the wind ward and leeward side of
the mountain. thc Ice waves transpo rt momentum from II

stably stratified air stream to the ea rth's surface . Sa wyer
( 1959) first pointed out the relative importance of this
momentum loss. due to wave drag by meso-scale
stationery Icc WOl ves in comparison with surface frict ional
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