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ABSTRA <.."T. A simple version of impl icit nonlinear norma l mode initialization is applied to a limit ed area
one ' level primi tive equation mod el over a tropical domain. The model formulation i.. based on shallow water
equations in spherical co-ord inate and pote nt ial ensr ro phy conse rving Ilnitc difference scheme is employed . Th e
model iv used for predicting the movement of a typical mon..oon depression form ed eve r the R:I)' of Bengal.
T he above scheme i" found to be very effective a.. it requi re.. only three iterations for attatni ng balance between
the mass and wind ficldv. However this model is not able to predict the movement o f the depression very ac
curately due to the limitations of such a o ne- level modcl.

Kn ~on"" - Implicit normal mode initialization, Potential enstrophy, Shallow water model. lI· term, Helmholtz
• equation, Nonlinear balance equation .

I. Introduction

Numerical weather prediction models based On the
primitive equations generally give two types of so lutions.
viz .• slow moving: meteorological ly significant Rossby
waves a nd fast moving gravi ty waves. T he high fre
quency gravity wave oscillations are considered as
' no ise' a nd they ar ise primar ily from the initial imbal
ances bet ween th e wind a nd mass fields. Init iali zat ion
is the proce ss ofadjusti ng Ihe inp ut dat a to t he prediction
model ensuring minimum noise. Several methods have
been proposed to remove unwanted gravi ty oscillations
including different versions of dynamic initializat ions
and normal mode initializations.

Machcnhauer ( 1977). Baer a nd Tribbia (19 77) in tro
duced non linear Normal Mode Init ia liza t io n (:"11.1 1)
which has become the most widely used initialization
technique fo r many research as well as operational
foreca sts. Briere ( 1982) formulated NM I fo r a Limited
Area lodel (LA~I) on a sterco gra phic projection with
constant Co rio lis and map scale fac to rs. Bo ur ke and
McGregor ( 1983) developed an ini tialization scheme
where they used variable Coriolis pa rameter. Ju va no n
du Vachat (1986) showed th at th e normal mod es of the
model need not be found ex plicitly and th e same can
be treated a s eigenfunct ion of an elliptic o perator.
Ho wever, this method is very simila r to the seco nd
scheme suggested by Bourke a nd McGrego r (1983).

Foll owing th is. Tc mperton ( 1985, 1988) develo ped a
powerful method called " Implicit Normal Mode In it iali
zar ion" (lN~lI) a pplicable to hoth regional and global
models, Lync h (1987) too developed a similar method
suitable for models with semi-Lagrangian integration
schemes.

I M J allows nonlinear normal mode initialization
technique to be applied even when the linear system is
not separable- and computing the normal modes is very
complicated. In this C3 5.C the Coriolis a nd ",COI le map
factors can be treated as ve.riablcs and the do main of
int egration need not be rect angular. T he de te rm i
nation of the normal modes for a limited area model is
very difficult (K asahar a 1982) a nd fo r applying th e con
ventional NMI to a foreca st model it is nece ssa ry to
compute the modes coefficients ex plicitly and sto re them
for further co mputa tion s. In the case of a hig h re so
lution model it takes huge computer memory (Temper.
ton 1989). By using I ']\11 o ne can avoid suc h d ifficul
ties.

Saha (1983) studied the movement of monsoon de
pression in a primitive equation barotropic model and
coneluded that such a model can predict th e mov ement
of monsoon depression s to a limited degree of accuracy.
Singh and sugi (19 86) a pplied a regional primitive mu lti 
level model to the predi ct ion experi ment o f a mon soo n
depressio n. and demonstrated th at LAM is quite useful
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