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Spectral integration of a hemispheric barotropic model

H. S. BED !

M eteorological O.fJice. X ,w Dr/hi

(Received 1 M arch l ,Q,.1j

ABSTRACf. A barotro pic model for the nort hern hemisphere is Integrated by decomposing the basic horizonta l
field into 3 low-orde r wave spectrum. The spectral representatio n is in terms of surface sphencal harmonics which
takes into account sphericity of the eart h's surface in a natural way. The initial input for the model is the stream
function spectrum derived from geopo tential spectrum through linear balance wind relation ship. Inclusion of
ap propriate amou nt of divergence in an empirical way improves the overall performa nce: of the model. The perfor­
ma nce of the model in relat ion to persistence! ..d iscussed.

•

1. Introduct ion

Any numer ical wea ther pred iction model with­
out sufficient resolut ion in the horizontal a nd
vert ical cannot be expected to simulate the beha­
viou r of the a tmosphere adequately. Xevertheless,
single level barotropic model based on the principle
of co nservat ion of absolute vo rticitv has
been found us efu l in predicting the 'larg e­
scale behaviour of two-d imensional atmospheric
flow. I n a non-d ivergen t barotrop ic mod el the
ictal kinet ic energy an d vorticit y over the
model domai n remain conserved, though,
through the advective processes, the ex­
changes of kinetic energy a nd vor tici ty among
various scales of motion take place freely. In
the actual at mosphere these conserva tive prop erties
are valid more for an ex tended area (hemisphere
or globe) , rather tha n for a lim ited area. T he
usua l method of in tegrat ion of a tmospheric models
is by finit e difference approximations. Even though
the differential eq ua tions of (he model may COn ­

serve energy and vort icity, the actual integration
mav not do so unless the finite difference schemes
aredesigned ca refully "vith such a pu rpose in view.
Besides, special care is required to con trol rru nca­
tion errors an d com pu tat ional instab ilities. Du ring
rece nt yea rs, an a lternativ e approa ch based on
Galerkin (spectral) approximation has shown
some att ractive adva ntages. If the ori ginal eq ua­
tions are bounded and their exac t solution satisfies
certain integral constraints ; then the spectral
approximation is a lso bounded and conserves re ­
quired int egral constra in ts. In addition. tru ncation
errors a nd com puta tiona l instabilit ies arc contro l..
led, A careful choice of basis functions ofte n yield,

fast convergence of approxima tion to the orig ina l
solution. For the meteorological equa tions in sp hcr i­
ca l co-ordinate system, the sur face spher ical ha r­
mon ics can he shown to be appropriat e basis
funct ions. The present study reports the results of
integration of barotrop ic model over the northern
hemisphere by such spectra l techn iqu e.

2. Input data ba"

The basic inp ut to the mod e) is th e geopotential
height dat a for 500 mb level collected a t 5°
Lat .vl.ong. interval over the northern hemisph ere.
The spectral approach is based on approximat ion
of this d ata fidel in terms of a truncated series
of surface spherica l harmonics. In the absen ce of
da ta from the southern hemisphere we assume the
sym metry of geopotential field across the eq uator.
This assumption is j ust ified, ali it e nsu res the cont i­
nu ity of temperature and zona l wind across
the eq uator. T hus we have the spectral rep resenta­
tion of gcopotcn tial in terms of surface spherica l
harmonics symmetric with respect to equator as
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Here Pn m(p. ) is associated Legendre function of
first kind of order m a nd degree 11 normalised over
















