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Numerical experiment with primitive equation barotropic model
using quasi-Lagrangian advection scheme to predict the
movement of monsoon depression and tropical cyclone

SHIVA SAGAR SINGH and KSHUDIRAM SAHA·
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Indian Institute of Trap/cal MeteorololY, Pune

ABSTRACf. A limited-area primitive equation barotropic model using quasi-Lagrangian advection
scheme has been integrated upto 48 hours with wind as input to predict the movement of a monsoon
depression and a tropical cyclone in the Indian region. The vector error in the forecast of the centre of the
monsoo n depression is SS km in 24 hr and 220 km in 48 hr. The corresponding errors in the case of
the tropical cyclone arc 0 km and 80 km respectively. Verification statistics fot the predictedu and ..
fields are presented and discussed.
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1. Introduction

The problem of non-linear computa tional insta
bility in numerical integration of prediction equa
tions when finite difference technique is employed to
evaluate the advective terms is quite well known.
Spatial smoothing is sometimes applied to coutrol
such instability. Shuman (1962) developed a finite
difference scheme which had considerable degree
of built-in smoothing and selective damp ing.
The scheme was successfully used by him later in a
primitive equation barotropic model (Shuman and
Vandermann 1966) and primitive equatio n multi
level model (Shuman and Hovermale 1968). An
alternative approach to overcome the problem of
non-layer instability has been to introduce a quasi
Lagrangian scheme in numer'cal integration. A
systematic attempt on this concept was first made
by Krishnamurti (1962). The method is analogo us
to that used in mechanics to determine the velocity
of a particle moving with an initial velocity aud
under acceleration after a prescribed interval of
time. However, to be able to apply this quasi
Lagrangian method, it is necessary to know as
accurately as possible the location of the air parcel
which after travelling under a non-conservative
system of forces will arr ive at a grid point after
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a given interval of time. The scheme has been
successfully developed for numerical integrations
of atmospheric motion by Krishnamurti (1962,
1969), Leith (1965), Oklands (1965), Mathur (1970).
Krishnamurti et at. (1973) and others. As a result
of these studies, it is now known that numerical 
integration of primitive equations by quasi-Lagran
gian advection scheme is quite stable for short
range prediction of movement of tropical distur
bances.

In the present study we have used an improved
version of quasi-Lagrangian Advective scheme
(Mathur 1970) in an primitive equation barotropic
model to predict the movement of a monsoon
depression and a tropical cyclone.

LIST OF SYMBO LS

f = coriolis parameters
g = acceleration due to gravity
h = height of free surface

i,1 =- x co-ordinate
j. J = y co-ordinate
In = map factor (secant of latitude)

I = time
II = wind speed towards east
v ~ wind speed towards north
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