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ABSTRACT. Using upper wind data of 69 pilot balloon and rawin stations in India, Pakistan, Burma and
Ceylon, multi-level fields of divergence, vorticity and vertical motion have been computed on five consecutive days
in the months of January and July 1958 to study the winter and monsoon circulations over the Indian region. Come.
putations have boen made at 37 grid points 2-5 degrees apart, with the help of a digital computer. A filtering tech-
nique was used to smoothen the observed winds so as to filter out noise.

The study provides a convenient method of computing divergence directly from observed winds instead of doing
g0 indirectly through the vorticity equation, The computed values of divergence and vorticity show that the two are
of comparable magnitude. Examination of the divergence fields does not reveal narrow bands of convergenoe, chirag-
toristic of well-defined frontal systems. I'he distribution of vertical velocities in the monsoon field indicates the
existence of a source region over the castern half of India and a sink over the western half.

1. Introduction

Divergence, vorticity and vertical motion are
three important parameters of atmospheric eir-
culation. It is generally recognised that vorticity
is the predominant factor in atmospheric motion
compared to divergence. While this may be trne
for extra-tropical latitudes, the question has to be
carefully examined for lower latitudes, The
present study was undertaken with special re-
ference to conditions over India.

Multi-level fields of divergence, vorticity and
vertical motion have been computed on five con-
secutive days for the months of January and
July 1958, representing the winter and monsoon
circulations over the Indian region. The salient
features brought out by an examination of these
fields are discussed.

2. Data used

Upper wind data of 69 pilot ballvon and rawin
stations in India, Pakistan, Burma and Ceylon
have been used, Observations of the morning hour
taken at 00 GMT were preferred as they are not
vitiated by the effects of insolation and convective
tarbulence. The periods selected were 18 to 22
January 1958 and 12 to 16 July 1958.

Care was taken to exclude days marked by
monsoon depressions/storms and active western

disturbances, which would have disturbed the
general flow conditions over the area.

Computations were carried out at 37 grid points
2+5 degrees apart, covering the Indian land arvea
from 72-5°E to 90°E and 27-5°N to 10°N excluading
regions close to the foot of the Himalayas. The
location of these points is shown in Figs. 3 and 4.

Computations were confined upto 500 mb in
Jannary and 700 mb in July, as adequate number
of observations were not available above these
levels in the respective months,

3. Method of analysis and computation

The observed winds to the nearest knot at
cach of the 69 stations were resolved into their
w and v components, level by level. » was consi-
dered positive for wind blowing from the west
and, similarly, » was taken positive for winds
blowing from the south. The values of » and v
were then plotted on maps and isopleths drawn at
intervals of 4 knots. This was the first stage of
smoothing. Separate maps were preparved for
each level and for each component.

From these analysed maps, values of 4 and »
were picked up at 73 grid points, 2-b degrees apart
covering the area extending one grid distance
around the 37 grid points at which computations
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(a) Divergence (b) Relative vorticity
Fig. 1. 20 January 1958
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{a) Divergence (b) Relative vorticity
Fig. 2. 14 July 1958

Figs. 1 and 2. Divergence and vorticity[fields at 700 mb on 20 January and 14 July 1958

(Unit :

were to he made. These grid point values were
then further smoothed by fitting polynomials to
the data.

A grid-mesh of nine points was taken, the point
at which the smoothed values were to be obtained,
being at the centre. Let this be called the Central
Point. A quadratic surface given by the equation—

V = az® 4 by +-cy® - dre ey - f (1)

was fitted to the values of u and v at these nine
points. In the above equation, ¥ is the smoothed
wind (#orv) atany point whose co-ordinates with
reference to the central point as origin are given
by z and . The values of the six coeflic ents
a, b, ¢, d, e and f are determined from the
almlyscd values of u and  at the nine grid points
using the principle of least squares.

If Vi is the analysed wind at a point (x, %)
and ¥’;is the smoothed wind at the same point,
then the difference between these two (Vi; — V'i; ),
is the error in estimation. This may be denoted
by Aij. The best fit for the quadratic surface is
obtained when the sum of the squares of the in-
dividual errors at all the nine points, is a minimum,
In effect, we minimise the expression,

i=3 j=3
z z (.;!J )- = (2)
=1 j=I1

This condition is satisfied when 2H/2a, 2H/ah,
6H|oc, 2H[ad, 8H|¢e and 8H|8f vanish. The solu-
tion of these six simultancous equations gives the
values ofa, b, ¢, d, e and f for the particular grid-
mesh in question. Substituting these values and
also the appropriate values of % and y in equation
(1), one can obtain the smoothed values of wind
at any point located within the grid-mesh. By
putting =0 and y = 0, equation (1) becomes—

Vo=Jf (3)

which gives the smoothed wind at the central
point,

10=5 sec-1)

Partial differentiation of equation (1) with res-
pect to z and y gives—

ov F

o = g (0 + bay + of + dztey+-f)

= 2ar Ly - d (1)

ow _ @ 2 1 t a »

o =y (ux* + boy + o + dz + ey + f)

=lw + Zcy 4 e (5)

By putting z = 0, y := 0, the above equations
become—

o e .

S ek I 37 = ¢ (6)

These give the smoothed values of the fivst
order partial horizontal derivatives of » and v,
t.e., dufax, duldy, dv/dxr and dv/dy. at the Central
Point,

The above process deseribed by equat 1ons (l) to
(6) was repeated for each grid-point in succession,
till the entire wind field anmpassvd by the 73
grid points was smoothed.

The smoothed values of » and » and horizontal
derivatives du/dr, ou/8y, 8v/dr and dv/dy derived
as above were utilised for the computation of
horizontal velocity =~ divergence (divy V), verti-
cal component of vorticity ({), the vertical
p-velocity (w) and other terms oceurring in the
equations of motion, In the present paper, how-
ever, we shall confine ourselves to the study of the
first three quantities only.

4. Divergence and vorticity

Figs. 1 and 2 show the divergence and vorticity
fields on one day each m January and July at
700-mb level. These show well-marked patterns
exhibiting systematic changes from one level to
another and also continuity in time.

It was interesting to find that these could not be
inferred from an inspection of the wind flow charts.
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TABLE 1
Average magnitude of divergence and relative vorticity (unit: 10-5 sec-1) for different latitudes at different
pressure levels (mb) along meridian 77-5°E
January (18-22) 1958 July (12-16) 1958
Lat. A A
N) 900 800 700 600 500" 900 800 700 600 500
T i R E Rk R b ' el mb
(a) Divergence
27-5 0-4 06 0-6 0-7 0-9 0.7 07 0-4 Data coverage
25 0-4 0-3 0-8 0-7 0-3 0-4 0-7 0-6 not adequate
22-5 0+5 0-5 0-4 0-8 0-8 0-7 0-6 0-4
20 0-6 0-7 0-4 0-4 0-6 0-8 0-6 0-6
17:5 03 08 0-6 0:6 0-7 0-7 0-4 1-1
15 0.2 05 0-6 0-7 0:6 0-6 0-6 1-2
12-5 0-3 04 05 0-8 0-56 0-5 0-8 1-6
10 0-9 0-5 0-4 0-7 0-4 09 0-6 1-1
(b) Relative Vorticity
27-5 04 0-1 06 0-8 1-3 1-2 1-4 0-7 Data covera ge
25 1-8 1-1 0-6 0-7 0-3 0-7 0:56 1-0 not adequate
22.5 1:6 1-7 1-1 1-2 0-8 0-7 0-5 1-1
20 15 0-9 1-1 1-5 1-2 1-0 0-6 0-8
176 0-7 1-0 0-8 1-8 1-1 0-5 06 0:6
15 0-4 0-8 0-8 1-0 1-2 0:5 1-1 1:1
12-5 0-5 0-2 1-1 1-1 2-1 1-1 1.2 0-4
10 0-7 0-9 0-4 1-5 2-0 1-0 1-0 0-8

This would seem to indicate the desirability of
actually computing divergence and vorticity fields
for any diagnostic study, instead of trying to
visualise them from the wind patterns. Table
1 gives the average value of divergence
and vorticity (the absolute values averaged
over five days irrespective of sign) for different
latitudes at different pressure levels, along a
central meridian 77-5° E in the months of January
and July. It is seen that vorticity values are
two to three times higher than the divergence
values in January but in July the two are almost
of equal magnitude.

The overall average magnitude of divergence
computed for the Indian region is 0-6x10-5
sec”! in January and 0-9X10-5 sec-! in July.
Perhaps a higher value might have resulted, if
the winds had not been smoothed (Landers 1955).

5. Vertlcal veloeity

Vertical p-velocity was computed from the
equation of continuity in pressure co-ordinates—

dw
e (7)

by stepwise integration of the divergence field
rom surface to 900 mb and thereafter at intervals

au ov
= - _8? =)

of 100 mb, Positive values of @ indicate sinking
motion and negative values rising motion.

The unit adopted is 10-5 mb sec-! (100 10-5
mb sec-! = 1 cm sec-!). For obtaining the
divergence profile in the layers below 900 mb,
it was assumed that in the layer extending from
900 mb down to about 300 m a.g. 1., the divergence
had the same sign and magnitude as at 900-mb
level and, as a consequence, it changed. linearly
becoming zero at the surface, which was consi-
dered to be a level surface. We have, in effect,
ignored the effects of topography and friction.

Figs. 3 and 4 depict the multi-level vertical
velocity fields on a day in January and July. An
important feature of the distribution of vertical
velocity in winter is the existence of two well-
defined updraft areas one over the northern parts
of India and the other over south Peninsula.
These may perhaps be attributed to the passage
of westerly waves across north India and the
easterly waves across south Peninsula. In the
monsoon field one finds practically the entire
eastern half of Tndia dominated by an updraft
area with an area of downdraft lying over the
western half. This is in agreement with the
findings of Das (1962), Krishnamurti (1966) and
Saha (1966).
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Figs. 3 and 4. Vertieal p-velocity (w) at successive isobaric levels at interval of 100 mb, the bottom level being 900 mb
Unit: 10-% mb seu-1, Negative values indjcate upward motion

6. Conclusion

Horizontal divergence usually computed
indirectly from the vorticity equation. The
present study shows that divergence can be

IS

computed directly from the observed winds after

they are suitably smoothed to eliminate probable
observational errors and ‘noise’ due to unimportant
small-scale disturbances.

The computed values of divergence and vorticity
show that the two are of comparable magnitude.
This suggests that divergence cannot be neglected

in formulating dynamical models for our region.
Morvm er, the dtvelgcme values heing significant
the streamlines tend to be of a ‘ipu.ﬂ Hh.\]lc' (and
not closed), the angle of the spiral depending upon
the ratio of divergence to vorticity. This has an

mportant bearing on the techniques to be adopted
for analysis of wind fields in the tropies.

Examination of the divergence fields does no
reveal narrow bands of convergence characteris-
tic of well-defined frontal systems.

The distribution of vertical wvelocities in the
monsoon field indieates the existence of a source
region over the eastern half of India and a sink
over the western half.
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