
/ .4i• • J. JI". Hyd rol. atopllys, (197/1), 27, 4, 409-416

Y. RA:ll.L'iATHAN and n. H. BASSl

.lleteorolcgical Ofjice, Xet1J Dtllii

(Receiv!d /5 March /975)

ABSTRACT. Gnd-pol nt wind data at 1000, MO. 700, 500, 300 and 200 mb derivedfrom.t&tion obaervaUoILI by
rmuual nn"lyllisare subjected to finiteDouble Fourter analYIJUs. to compute ana.lytiooUy tho Tortlcityand divergence
valu es Iro-n t.b, !\'Ur,litudes of the "'o!lrier components, 'I'heee aee eompaeed with the valuM obtain ed by tho
oonvontional contra. difference method. The truncati on errore are found to be 1e88 than 30 per cent in 9:\ per cent of
the OO~. T hO) vorticityvl\lo68aee gcneeal ly ,....,llJ-I Beg-I end &r8about twice that ot dleergenee valnes. For vortici ty
values exoeeding-ti X10-' 860- 1 in tho depeeseion region, tho dieergenee i' found to be one order leu. For low
valuMof vorticity, t.e., Illsl!I than--6 x ](~ sec- t tb(" divergence ill of the pme order,

magnitude of the vortici ty and divergcnce values
wcre found by these au thor. to be of thc same
order ~IO "sec-J• Fleagle (19J6) also computed
divorgences oC........lO 6 sec -1 from actual wind observe ­
tiOJ\S. On the other hand , magni :udes of~10 • ""c'-'
were obtained by Namins and Clapp (1916) using
Ii-day mean charts. In th is case, I tIC small-scale
nois i of large di vergences appear t . have been
more effcctively eliminated by the computation
of the means.

The motiva tions for the presen t study are - (i ) to
est imate the orde r of magnitudes of divergence and
vorticity after eliminating the small-sca le noise
effectively and (ii) to examine the feasibility of
using the finite di fference method for the com­
putations from an estimation of the truncation
errors involved . Towards this end , the grid -point
data werc first ana lysed by the method of
Double-Fourier technique. F rom the Fourier
am plitudes the divergence and vor icitv were
computed and c'mpared w;th ih-se by th~ finite­
difference method from the analysed data. Accor­
dingly, Section 2 describes the method of compu·
ta t ion. Description of the data and diagrnms are
found in the Section 3. A discussion of the results
follows in the four th section.

2. List or Symbols

X Distance ckm) along the zonal dir ect ion
Y Distance rkm) along the meridional d irect ion
L Length (km) of the domain
D Brea dth (kill) of the domain
k Fundamental wave number along X
l Fundamental wave number nlong Y

1. Introduction

Computa tion of divergence and vorticity arc
genera lly made by the method of finit e differences
using a central difference scheme , limiting the
Tailor series cxpan.ion for the d ifferential
coefficient~ to three terms, The truncation errors
involved are usually ussumed to be negligible.
For these computations it is also conside red more
ap propriate to use the wind field in th e t ropics,
wherc thc prsesure field adjust to th e wind field.
(Houghton and Washington 1969). However,
use of observed winds for <letermining the diver­
gence at least , is beset with di fficulties. The
magnitude of the error in th e observed winds L.
considered to he onlv one orde r Ie•• than th at of
the winds them,,"lvc~. Hence the error in comput­
ing th e large-scale divergence and vorticity, it i.
argued, should be of th e same order a. th e diver­
gence and vorticity values themselves, Charney
(1948) showed from scale analysis of atmospheric
motions in the middle latitudes that the two terms
3ut,., and ']IJ/3Y comprisingtbe the horizontal diver­
gence are of opposit sign and of the same order
~10- . sec-' .On the other hand, in the computation
of vorticity, the errors in the two terms 3v/:JX and
3u!3Y perh aps cancel each other on suhtraction,
or one of the two terms is one order higher than
the other, and more reliable estimates of vorticity
are obtaincd. Despito these difficulties, observed
winds have been used for the divergence and
vorticity computations over the Indian region by
severnI authors (Das 1951, Dutta and Baghare
1968 and Sajnani 1968) applying smoothing
proccsses to eliminate the small-scale noise. The
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Computation of divergence and vorticity from observed
winds over the Indian region during monsoon
















