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On the numerical simul ation of large
scale atmospher ic motlon!
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ABSTRACT. The purp ose of the present study is 10 find out that withinthe sigmacoordi nate,system, anydiller
ence exists in two formula lions of theeq uations referred to as model 'A' based on the~(lnscrva llon of tota l energy
and lower order momentsof po tential cmh alpy In,J model B based 0 11 the c~nscrva llon of total energy and per
turbation energy around a given a rbitra ry stra tifica tio n. Hoth the models Yielded foreca sts close to each .cthcr
whieh leads to conclude that thus lack of sensitivity or tnc model formulation may be due LO lack of precision III the
dataand, therefore, needs performing (If similar experiments on a wide set of FGGE data sets.

of Ertel's poten tia l absolute vortic ity for ad iabat ic (not
necessaril y hydrostat ic) mot ion . This pro perty, which
from an Eulerian point of veiw mean s invariance of a ll
mo ments of this quantity on an y isen tropic sur face ,
seems to bear qu ite st rong dynam ical implicat ion s :
nevertheless it has been overlooked for a long t ime in
numerical mod ellin g, and even now general circulatio n
models arc not designed in such a way as to take ad
van tage of it, except within very crude barotropic
approximation s (A rak awa 1966 ; Sad ourny 1975,,).
In fact , a sat isfactory so lution of th is problem req uires the
usc of ent ropy as a vertical coo rd ina te <as performed
originally in Elias sen 1962; Elia ssen an d Ra ustein 19( 8)
which in turn , requires a sati sfactory so lution of the
moving boundary problem. On th e CO!llrary the pres~nt

gene ration models mos tly usc normalised pressure (sig
rna) as' vertical coordina te, which is the eas iest way to
treat the lower boundary co ndition by reducing it to a
coord inate surface . Indeed, no one kn ows how mu ch
this general agreement on the easie st method has really
impeded progress in modell ing the flow dyna mics:
possibly the ti me has come fo r systematic inves tiga tio ns
in th is directio n.

1. Introduction

Numerical modell ing of large-scale atmospheric motion
for purpo ses of weath er prediction , genera l circu lation
studies or climate simulation. involves a number of
purely technical problems : space d iscreti sat ion, for
inst ance, can be performed usi ng eithe r finite differen
ces or finite clements or else spectra l techniques, the
details of which can be worked out in man y ways;
discretisation in time can bedone using various explicit,
spl it or semi-implicit schemes with dit lercnt propert ies;
and so on . However, before go ing to the technical
stage , one must consider a number of questions whic~l

turn out to be more funda mental from th e mcthodolog i
cal sta ndpoint. Let us leave as ide at first the paramc
terisation problem s and concentrat e for a wh ile on the
set of kn own propert ies of the atmos phe re as a (frictiqn
less, adiabatic) fluid . The main quest ion to be asked
this respect is the following : can all these properties
be pre served. in nu merical modelling ? a nd if not, what
choice should we th en make ? (or rat her : is there
in som e' sense, what we may call a best cho ice '1) .
Historically, general circu lat ion models ha ve evo lved
in a more or less contingent way, fo llowing mainly easy
pa ths plus a few random inventions : and no one knows The purpose of the pre sent work is much more modest.
for sure that kind of qu alita tive improvement may be We choose to stand within the sigma coordin ate syste m,
ob tained from radically d ifferent ap proache s. a nd simply comp are two formulations of the equations

One example of propert y usu ally violated in the cu rrent referred to as model A and model B as differen t from
general circulation models is pa rtic le-wise co nservation each other as we could think of, in terms of conscrva-

tThis paper was presen ted in I~C symposium " lndo-Frcl1~h School o~ recent advances in Computer Techniques in Meteorology,
Bio mechanics and Applied Systems , held at 1.l.T" New D elhi, 4-13 February 1 9~O) .
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