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Basic approximations for large scale motion 111 equatorial regions

K IRIT S. YAJ N IK

National Aeronautical Laboratory , Banga/ore

ABSTRACT. An exploratory studv of approximations for the equatorial region is given to stress the
rapid variation of can alis parameter with latitude, and the consequenti al differences in the length sca les in
meridional and zonal directions. The: resulting equations retain co riolis as well as non-linear inertia terms in
zonal momentum balance . This approximation for dominantly zonal ftow is supplemented with another for a
sublayer nea r the equator where the meridional flow might be dominant in case of large interhemispheric
transport, as in monsoon over the Indian Ocean.

J. Introduction

Approximat ion s bu ilt around gcostrophic
motion , such as the well known quasi-geost rophic
approximation (Cha rney 1955), have proved to be
of considerable utility in providing a n ana lytica l
framework for numerical and theoret ical studies.
While detailed scale an alysis (Phillips 1963) is
available to provide a theoretical basis for these
approximations for middle lat itudes and polar
region s, the situa tion is qu ite different fo r cqua­
to rial a nd tropical reg ion s. Here , there ar e
hardly an y sca le ana lysis argument s available and
doubts have been expressed about the validity
of the se approximati on s in low latitu des (Phillips

1963).

Simple est imate s throw light on the possible
applicability of well known approximation s to low
latitudes. Rossby number (ClfLl based on a
velocity scale C of, say , 15 m sec-I. a length sca le
L of l().l km , and coriolis parameter f cha nges
from 0'15 at a latitude of 45' to 0·59 at a latitude
of 10', and of cou rse, it becomes infinite at the
equ ator. Thus we have the possibility that, in the
low latitudes, the non-l inear inertia terms may not
be as small as requ ired by the geos trophic or
relat ed approximations. Such a beh aviour is
expected essenti ally in a rat her limited ra nge of

198

la titudes around the equa tor. There a re many
ins tances in fluid mechanics (e.g ., van Dyke 1975)
\\ here an a pproxi mat ion ap plicable over a wide
domai n breaks down in a small region . Bou nda ry
layers a nd shocks a re classic examples of such
regions, These regions a re often thin and the
length scale in one direct ion is of an order of
magnitude smaller than the scale in another.
Very rapid variation in coriolis parameter with
latitude nca r the equator permits the length scale
for the meridional direct ion of being much smaller
than that in the zonal direct ion. This type of very
rapid variatio n of ph ysical qu antities in one direc­
tion compared . to that in ano ther ma kes certain
terms in the basic equations, and of course corres­
ponding forces. impo rtant in the thin regio ns.
altho ugh they ma y be qu ite unimportant outside
thc th in region . We exam ine in the pre sent pape r
whether the region around equator , hav ing a
rathe r limited range of lat itude, can be a nalysed
by techniques which havc wor ked sa tis facto rily
elsewhere (van Dyke 1975).

The role and potential utility of approximations
for low latitudes can probably be better judged
subsequently, but gene ral experience with a
approxima tions in fluid mechan ics pr ovides a few
pointers. The approximat ions provid e a measure
of un derstanding of these special region s by














