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Barot rop ic spectral modelling of non-linear interaction
fo r trans ient waves in tropical easte r ly jet
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ABST RA(..i ', The wave-zonal flo w and wave-wave interactions arc studied over the sphere for the initi a l
single linear barotropic unsta ble mode of the mean mon soon tropical easterly jet at 100 rub. The non-divergen t
barotropic global spectra l model with truncation N = 20 and .1\.(= 40 is integrated for 120 days for the study. (I
is found tha t the wave-zonal flow interaction lead s 10 an oscillation with a period of 3S days in the wave kinetic
energy and enstroph y. The relation between the zonal angular momentum tra nsport and growth-decay cycle of the
wave is explored , The wave-wave interaction is respon sible for the variation in the period of low frequency oscu la
tion between 25&35 days, The mean kinetic energy and enstrophy spectra, and wave-wave interaction in the wave
number dom ain arc computed and their role in the non-linear evolution of the waves is discussed,

2. Model and energetics

a mplifica tion of westwa rd propagating Ro ssby \vav~
in a barotropic easte rly jet having inhomoge neou s. ho r i
zontal shear (William ('I al. 1984).

In this study. it is proposed 10 invest igate the inll
uenee of single wave-flow interaction and wave-wave
interaction in the evo lutio n of barot ropic instability of the
observed tropical easterly jet. Furt her . the cxperi
mcnt is performed by using barotropic modcl over the
sphere.

(a) Quasi-linear mocld

In quasi-linear motions. the wine-zonal flow inter
ac tion is allowed while the wave-wa ve inte raction
is suppressed. The quasi-linea r mot ion is governed by a
linear perturbation eq uat ion and a zona l mean equ at ion .
The author has stud ied the linear dvnamics of bar o 
tropic unstable wave over the spherical cui th by
using the linear barotropic vor tici ty equation (Mi shr a
1987: hereaft er refe rred to as M87). The ba rotropi c
quasi-li near motion over the sphere is governed by th e
fo llow ing system of eq uations :
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I. Introduction

Kwon a nd Mak (1988) extensively st udied the non 
linea r equil ibration process in a forced. dissipat ive
baro tropic /l-plane mod el. They prescribed external
forcing in the fo rm of a ll easterly Bickley jet. Th ey
fou nd that the equilibrium state may be eithe r a steady
wave state. a vac illation cycle or a chaos dependin g
upo n the values of two non-dimensio na l damping and
forc ing paramcn ters. The effect of no n-linear pieces
scs W~l S foun d relat ively minor in the down strea m

The linea r dynamic!'! of inviscid ba rot ropic and
barotropic-baroclinic unsta ble waves associated with
the ob served zo nal flow of tropical easterly jet have
heen studied by usin g dry quasi-gcost roph ic /l-pla ne
model s (M ishra ct al. 198 I. Mishra and Tandon
1983). Mishra (1987) has investgated the effects of
spherical geometry on the linear dyna mics of the
barotropic unstable wave . Tupaz er til. (1978) considered
an easterly Bickley jet that has slow zonal variation
and studied the down strea m amplification of westward
pro paga ting. ba ro tropic. Rossby wave disturbance.
Sehoeberl and Lind zen (1984) have performed nu m
erical integrat ion by using non -d ivergen t barotropi c
vorticity equa tion in orde r to understand th e evolution
of the point easterly jet instabi lity as it interacts
with the mean flow in presence of single and multiple
waves. They also found that the ro le of wave-wav e
interaction in th e evolut ion process is unimportant.
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