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Prognosis of 5oo-mb surface by divergent barotropic model

T. K. 1rIUKEHJEE and R. K. DATTA
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ABSTJtA CT. Forecasts of 500 rob sur face by simple barotropic model which excludes di vergence and ground
conto ur e-ft'ec tIJ, h..vc boon found to Buffer from re trograde motion of ultra long waves . In tbis paper tbo effects
of'dlvergence term on tbe forootlo8t.8he ve boon etudlcd . It is sho wn that Incl ueion of the divergence te rm leads to an
improvement in the 24·hr baro t rop ic forocaat for 5OO·mb level. It alao prod uces II va.stl,. improved 48 houra
p~gnusis . Effects of tho ground coutour torm ere also dl ecuseed.

1. Introduction

Foreeasting or 500 mb surface by numerical
methods, using a simplified quasi-geoetrophic
barotropic model, ]UI.S been done in India On a
real t ime basis. for ,. period of One year. The
deta ils of this method arc available in I ndia. met.
Del" Sci. Rep. No. 112. Brien)". the method
adopted was as follows.

Thc basic equat ion of the geostrophic model,
in finite difference form, is given hy -

ae dZ f£2m,'!.!J •
'V. -=- fL' - =- lJ l' ,C+f)- - d'j J(z- Zg) (I )

~ ~ 4 -
where 'V' and 1 are the Laplacian and J acobian
operators in the finite difference form. The other
terms are :

z the conto ur heights of OO~mb level

f the eoriolis parameter
In the map magnification factor
, the geost rophie vort inity

9 acceleration due to gmvity
d t ho mesh size of the grid utilised in

numerical integ rat ion
r g the ground contours

d' AJ .
fL' ='-R1' ,wherc, AoIR1'o is a constant.

In 0

Datta ct aJ.(1969) integrated th e above equat ion
numerically. by neglect ing the 2nd and 4th terms,
~n<1 obtained forecasts val id upto next 48 hours,

2. Inclusiono( thedivergence And p ound contour terms

2.1. Effects of ,Ii_genre term

I t bas been pointed out bv mlU\v meteorolo
gists . notsbly Cl'essmlU\(1958i, that 'the forecasts
based on the simplified model. as mentioned
above. suffer from tho retrograllc motion of ult ra
long waves. As a way out from this difficulty.

it was suggested that the 2nd term in Eq. (I)
which corrcsponds to the divergenCe term . be taken
into account. Thus the notiflcd eqnntion neglecting
tilt' ground contour term, becoms -

(2)

From th e expression for fL' given above. it will be
seen that. except for ..1.1RTo' all other factors arc
already known. 'l'hus, in order to include th e
divergence term in our solution. it will be necessary
to find the value of AoIRTo' .

To determine the value of AoIRTo• an empirical
approach has been adopted. We have used differ
ent values of AolRTo and numerioal1y integrated.
Eq. (2), for obtaining 21 hr and 48-hr forecasts.
As an alternate method, the whole of fL' has becn
treated. as constant and solutions to E'I' (2)
obtained. In th e latter case. in pffect , it is assumed
thatf and' remnin constant throughout the area of
integration. although it is realised that ·both these
factors definitely undergo variations, However,
this leads to simplificat ions in the computations.
and as such was given a trial Values of fL' were
varied from O'21i to 3·0 in steps of O' 25. The
resulting forecasts were compared with those for
which fL' = 0

For fL' <I'O the results were similar to those with
fL· =O. For fL' > 1·5. th e results showed unwanted.
deformities in th e shapes of lows and highs. For
values in between, the results showed considerable
improvements. However, to avoid the difficulty
of having a consta nt fL' as mentioned in 2' 1. it was
decided to fix the value of AolRTo and let f and
'vary in th e expression for fL' . Keeping in view th e
results obatined by putting fL'=constant, AoIRTo
was given a value of 1·25XI0". so that the value
of fL' continues to be within the limits 1 ·0 to 1· 5.
These results were found to be better than those
with fL' =O or I,'=constnnt and are discussed in
sect ion 3.
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