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Spectral representation of hemispheric flow patterns
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ABSTRACT. Tho mothod for representing hemisp heric etmoepbcric flow petteme In terms of surface IIphf"rical hermonics
is dtscueed. Spectral form ofli neer balance rqualion i~ deri ved end fIO)V(-d with a suitable boundary condition. The reeulte ahow that
the planf'la ry lK'aleatm08phpric systems can be represented to a high degree of acc uracy by a limited number of spherica l beemonice.
The at ream function spectrum arrived at b,)' solving spect ral form flf linear balance equation gtves propt"freproeonta tion of actual
atmol1pberlo .yelema . .

r ," (,..) is surface spherical harm onic of order

where c = sin 8 and A. '" is complex amplitude.

Jl and J determim the truncation or spheri
cal harmonic spect rum.
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8 and longitude A. Any piecewise differentiable
field over spherical domain, a. condition which
rliffcrcnt meteorological fields like geopotentia l
height are assumed to fulfil, can be represented
t l B desired degree of accuracy by superp osition
of a truncated series of spherical hnrmonic compo
nents so that
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p ." (,..) is nonnalised ~... oeiatorl

tion or first kind and oS given by

1. lotroducUon

During recent yenrs, sufficient inte rest has
been developed in the usc of spectra l meth ods
for st udy of dynamics of largo scalo atmospheric
svstems, Theoretical as well ns observational
stunie. hnsod on t hese methods have thrown much
light on th e non -linear dynamics of th e atmosphere
[Lorenz 1963, Saltzman and F leisher 1960, Wiin
Nielsen 196,1 , 1967). Some spectral models for
short ann medium range prediction of a tmospheric
flow have also been developcrl (Rob ert 1966,
Kurbatkin 1972). Till recently the development
of spect ra l prediction mod els has been hamp ered
due to difficulty in calculation and storage of large
number of ~interaction coefficients '. However,
recent works of Eliasen el. al. (1970) and Orszag
(197 1), hav e led to the development of a
relatively simpler and straight forward method or
calculating interaction te rms. Thi s has led to
deve1opmont of some sophisticated hemisph er ic
ami global spectral models (Bourke 1972, W~1O
1974). ).'or spherica l or hemispherical domain.spheri 
cal harmonics arc the approp riate orthogonal func
tions and have been used in these mode ls. The
success of these spectral models, whether for
diagnostic or prognostic purposes depends
much on the efficicnt repre sentation of basic
data by its spect ral components . The purpGse
of the present study is to demonstrate the effective
ness of spherical harmonio spectral components in
rcpresenting hemispheric geopotential field as well
as derived stream funetiou field whi ch is commonly
used as ha sic inpot in different a tmospheric
modeLs,
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3. Analysis procedul'fl

At a given t ime, any scalar field 'k' at a constant
height or pressure level is function of latitude

p.-m(,..) = (_1)00 p.m(,..)

and A.-" = (-1)" A.·..
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