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Experiments with the balance equation

111. C. SHARMA and 111. C. SINHA

Meteorokyi"al O.ffW', Poona

ABSTRACT. Numerical experiments were performed to 80Ive the belanee f'quation Cor obtainin~ tho stream
function from the geopotentlel field. The balance-wind derived (rom the belence -.. ia then compared with gecatecpate
wind. It is observed that the computed beta noe-wlnd appefu'H to be a better approximat ion t-o the observed wind field
the n t be geoat rophic wind derived from the observed geopotentiel,

and solving fOr 'V' y" we have

A = y,n -IfI" and B = - 'bP.,

Introducing these relations into (3) we Im,o

'V"", = - I ± [2'V'''' +J2 + (AI +B')

- 2 (f.y,. +M.)]!"

! [('V"",)' - (A' + Jl2)1+I 'V"",+M ,

+M.= 'V"",

(3)

2 (y,.. y,.. - y,./ )+ :x (N.)

+ a~ (f y,,) = 'V.'"

whore,

2Y, i ' y, 3"'"y,. = ax' y,.. = az2 ' y,., = axJy etc. (4)

If A = (ao + ;,u ) and B = (1!! _.?!!..)
2X ay ax C!Y

nre ahearil\g stresses and deformations (Petterssen
1956) respectively, then they may also be written
in terms of partial derivatives of t(i aH,

C!y, ay,
u=-- and o =-- (2)

ay ax

Insertion of (2) into (1) leads to tb o 1IO call ed
Monllo-Ampere equation as,

I is tho coriolis parameter and

J is the J acobian operator.

If y, is defined to be the at ream funct ion, then
the non-divergent velocity components will be
given hy

3 1~

2. Balance equation

Charney (1955) has expressed the most general
relation betwoon pressure (contour height" or
goopotent ial) and winds in tho form of the balance
equat ion, which i. a special form of the divergence
equation. It may ho written us,

2 J( u, 0) + -L(ft )- -.£.. ( fu) = 'V' ''' (I)
C!X C!y .

where,

'" is the goopotential
u is tho zonal component of the wind

o is tho meridional component of tho wind

t. Introduction

In numerical forecast one needs n wind for the
advection of absolute vorticity. This ad vective
wind could he obtained eithe r through stream
function computed from the direct analysis of
the wind field or I,vith the help of goostrophic
assumption Or through the balan ce equation.

Severa l workers I(Bolin 1955, 1956; Charney
1955; Shuman 1957; ~riyakoda 1956, 1960) have
Hugge~ted tho WID hf halencc wind derived from
balanco equation rather than the use of geostro­
phlc wind for prolluORt.ic models.

I
Ramanatha n ot al. (1971) solved tho reverse

bnlance equation to compute the wind vector
values at grid points and th en compared tho
goopote ntial fieM from tho analysls of the wind
ficld over the I ndian region. In this diagnostic
study tho authors have taken tho goopoten tia l
field as the basio input and have solved the balance
equation for tho stream funct ion field. The
objective is to find out wheth er such a derived
stream function is able to reprosent the observed
wind field '0 as to use this subsequent ly in n
prognostic model.












