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Fields of vorticity, divergence and vertical velocity
associated with break and strong monsoon
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1. Introduction

trong and break monsoon spells exhibit contrasting
feastugs‘gin respect of associated rainfall and flow pat-
terns. Asis well known, instrong monsoon, thereisa
well distributed and heavy rainfall over the entire Indian
region outside sub-montane districts of Himalayas and
northeast India and also over southeast Peninsular
India. While, during the break monsoon

southeast Peninsular India and no rainfall activity over

does not get rainfall in break monsoon and vice-versa.

intensity i
controfs the distribution of monsoon rainfall. The mon-
soon trough, normally extends upto 500 hPa level, tilting
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ABSTRACT. Contrasting rainfall distribution in break and strong monsoon is explained by the
fields of vorticity, divergence and vertical motion. (i) Heavy rainfall belt in monsoon, is generally
south of the surface position of the monsoon trough. In strong monsoon, the heavy rainfall belt is
confined between surface and 700 mb (hPa) monsoon trough position. (iii) The presence of an east-
west synoptic scale zonal circulation is observed over the Indian monsoon region similar to the
planetary scale ‘Walker's circulation’. The synoptic scale east-west zonal circulation is observed over
north India and as well as over Peninsular India during the monsoon season, separately and/or
simultaneously. During strong monsoon, over north India, there is an ascending motion over northwest
India and descending motion over northeast India. And over Peninsular India, there is ascending
motion along the west coast of Peninsular India and descending motion over southwest Bay and
neighbourhood. During break monsoon, this synoptic scale east-west zonal circulation either weakens
or reverses. The strength of monsoon depends upon this synoptic scale east-west zonal circulation.

southwards with height. It is a warmer re
normal position over the plains

riod, there is

and well distributed rainfall along the sub-
districts of Himalayas, northeast India and

of the country. Thus, it is interesting to note  studied here.

area which gets heavy rain in strong monsoon,

hases of monsoon are found to be associa@ed
of the monsoon trough, which

. trough.
419)

: ion wi
low level convergence with vertical velogity sad oS

convection. In strong monsoon, it is v i B
intense with embedded vortices and ﬂotﬁcl:l;?‘ Tl:‘:
: of north India. In
contrast, in break monsoon, the monsoo '
north to the foot_ hills of Himalayas aver 2&?&2:‘:;
not seen many times up to 850 hiPa level. It is, therefore
thought worthwhile to study the dynamics of the asso.
ciated flow pattern in strong and break monsoons, For
that, the fields of divergence, vorticity and vertical
velocity for break and strong monsoon period are

From the study of the intensity and iti
monsoon frough and also its tilt witlt11 hg:i.:l?t I&r;’ ﬁf st(ljla ;
hPa) it is observed that the heavy rainfall belt is confined
between surface and 700 hPa positions of the monsoon
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Fig. 1. Grid

Further, two synoptic scale east-west zonal circulations
one over north India and another over Peninsular India
are observed over the Indian monsoon region. Over
north India during strong monsoon period, there is
an ascending motion over northwest Inaia and descend-
ing motion over northeast India. Similarly, over Penin-
sular India in strong monsoon, there is ascending
motion along west coast of India off Arabian Sea and
descending motion over southeast Peninsular India off
southwest Bay of Bengal. During break monsoon,
these two east-west zonal circulations become weak or
reverse. Thus, the characteristic distribution of rainfall
during strong and break monsoon period mainly depend
upon the nature, intensity and position of these east-
west zonal circulations.

2. Data used

A period of break monsoon 17-28 July 1972 and an-
other period of strong monsocn 1-12 July 1977 are
selected on the basis of rainfall and associated synoptic
situation. Vorticity and divergence at grid points of 5°
interval were calculated for the area 5°N 35°N and
45°E-105°E for the levels: surface, 850 uPa, 700 hPa,
500 hPa and 200 hPa by using finite difference method.
The vertical velocity field for (surface-850 uPa), (850-
700 hPu), (700-500 hPa) and (500200 LPa)
levels are calculated by using the equation of continuity
in pressure coordinate system. &

Indian Daily Weather Reports were consulted for identi-
fying the strong and break monsoon spells and deli-
neating the axis of the monsoon trough at vatious levels.
The study of five break and strong monsoon spells was
done una only one typical spell is reported here to keep
the diagrams to the minimum.

3. Method of calculation
3.1. Field of vorticity and divergence

Divergence and vorticity are two important and basic
parameters of a wind field. Horizontal divergence
(henceforth called divergence) is defined as the amount of
flow of fluid across a unit cross sectional area per unit
time. The relative vorticity (henceforth called vorticity)
is defined as vertical component of the rotgion of a

fluid per unit area per unit time. Mathematically, we
can express vorticity and divergence in local co-ordinate
system as :

u v

D = Diverge = - — 1
vergence e T (1)

- Vortiy B
{ = Vorticity = o oY 2)

We have used the finite difference method to calculate
D and { at each grid point, where partial derivatives
gu/ex, 8v/dy, dulsy and gv/gx are approximated by the
finite differences. For example, ata given grid point
(xg, ¥o) in Fig. 1, we calculate the D and { as :
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where y and v are components of wind along x and

yaxisand dis the grid length. The values of D and ¢
are expressed in units of 10—5 sec—1,

As suggested by O'Brien (1970), the horizontal di-
vergences calculated by this method are subjected to
errors due to the uncertainties in the wind observations.
As we calculated vertical velocity at only four levels (i.e.
suface-850 hPa, 850-700 hPa, 700-500 hPa and
500-200 hPa) for spells of strong and break monsoon,
it was found that the adjustments in vertical velocity were
marginal (i.e., less than 4%) only in magnitude and did
not cause the change of direction. As this served the
required purpose here, we did not apply the corrections,
for vertical velocity calculated here,

3.2. Field of vertical velocity

Vertical velocity is calculated by using the equation
of continuity in isobaric coordinates which is given as :
ou , ov , ow

x T 0. By integrating,

g}
@) —wry=—[(Z+ T @

wE) = w@) + P —P(% + D) (4
The term [(2%/3x) + (av/2y)] gives the mean divergence
between the two pressure surfaces P; and P, separated by
op- The details are given by Holton (1979, p.72). The

values of vertical velocity are expressed in uni
10—3 hPa per second. - b

Charts of divergence, vorticity and vertical velocity
were prepared for all the days of break monsoon and
strong monsoon period. On examination of the charts, it
was found that main features on all the break monsoon
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Fig. 2 : Surface fields of divergence (107*s71), 12 GMT
for (a) Strong monsoon (5 July 1987) and (b) break mon-
soon (25 July 1972) and Fig. 3: Field of divetgence at
850 hPa for (a) break and (b) strong monsoon

days (as well as strong monsoon days) were similar to
each other. Therefore, it was thought to compare only
two days charts, one representing break monsoon and
other representing strong monsoon. Therefore, charts
of 25 July 1972 (representing break monsoon) are
compared with charts of 5 July 1977 (representing
strong monsoon).

4, Discussion
4.1. Fields of divergence

Figs. 2 (a & b) show the surface fields of divergence for
strong monsoon day (i.e., 12 GMT of 5 July 1977) and for
the break monsoon day (i.e., 25 July 1972) respectively.
We find on the strong monsoon day, convergence field
covers the whole of India outside the foot of the Hima-
layas. The maximum convergence of the order of 1
10—5 sec—! occurs along the west coast of India, from
Kerala coast to Saurashtra coastand also along the axis
of the monsoon trough, over the plains of north India.
On break monsoon day, there is a weak field of con-
vergence to the west of longitude 78°E over India,
which extends westwards to cover north Arabian Sea
and also to the east of longitude 90°E which covers
north Bay of Bengal. The beltin between these two, 18
the region of weak divergence. Field of aivergence on
break monsoon day is very weak.

Figs. 3 (a &b) give 850 hPa level, field of divergence for
break and strong monsoon day. On strong monsoon day
(5 July 1977) the region of strong convergence lies over
the plains of north India and extends southeastwards up
to Burma and neighbourhood across north Bay of Bengal.
It also extends northwestwards up to Iraq across Af-
ghanistan and west Pakistan. The Bay of Bengal is a
region of convergence. The region of strong divergence
is northeast India and north Arabian Sea. On break
monsoon day (25 July 1972), a belt from south Peninsula
to northeast India across Orissa, is region of convergenct
and also north Bay of Bengal. A belt from nort]
Madhya Pradesh to north Iran across west Pakistan |
a region of divergence. Also, Indian Ocean ;eglonofrox
60°E to 75°E is belt of divergence and region 80°E {
90°E is a belt of convergence.
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Fig. 4

Fig. §
Fig. 4 : 700 hPalevel field of vorticity for strong and break

monsoon day and Fig. 5 : 200 hPa level field of vorticity
on strong and break monsoon days

At 700 hPa level, on strong monsoon day (5 July 1977)
there is convergence along the monsoon trough and also
over Bay of Bengal. .

An area of strong convergence lies near 30°-35°
50°-60°E and also near 20°-25°N and 1w°-110°ga?2
contrast on break monsoon day (25 July 1972) there is
divergence over entire north India north of Lat. 15°N
and also over north and central Bay of Bengal.

At 500 hPa level, on strong monsoon day (5 J uly 1977),
there is convergence over central Peninsular India and
extends eastwards to south Burma across Bay of Bengal.

In contrast, on break monsoon day (25 Jul
this area has divergence. Tt y 1972)

At 200 hPa level, on strong monsoon day (5 Jul
there is divergence over India outside y(gujargtlgzl.%
Rajasthan. Thereis also convergence between 25°-35°N
and 95°-110°E. On break monsoon day, there is
convergence over India outside Uttar Pradesh and north-
east India. Strong field of convergence also lies off west

coast of India. Strong field of divergence li
20°-35°N and 95°-110°3E. . e

4.2. Field of vorticity

At _850 hPa, on strong monsoon day (5 July 1977)
negative vorticity lies over India between latitudes 15°N
and 20°N and the values of vorticity are of the order of
—2 x10-8 sec L. On break monsoon day (25 July 1972)
negative vorticity lies over India outside south Peninsula
and the values of negative vorticity are very small
Over north Bay, there is positive vorticity. .

Figs. 4 (a & b) give 700 hPa level field of vortici
strong (5 July 1977) and break (25 July 1972) morgo?;
day. On strong monsoon day (5 July 1977) a belt
between 15°N-30°N and  40°E-100°E along the
monsoon trough is a region of positive vorticity, On
either side of this belt, is a region of negative vorticity
with the maximum value of negative vorticity (2.0x10-5
sec—') over eastern Tibet. On break monsoon day (25
July 1972), a belt from west Pakistan to north Arabia
and another belt from northeast India to north Bay are
the regions of negative vorticity. On either side of this
belt, isa region of positive vorticity.
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Fig. 8. Surface Fig. 9. 850 mb (hPa)

Figs. 8%9. Field of vertical velocity on strong and break
monsoon days

At 500 hPa level, the vorticity field on both_ the days,
namely on strong and break monsoon days is similar.
In that, along latitudinal belt between 15° N and 20°N
there is negative vorticity on both days. The values of
vorticity on break monsoon days are between —0.5 &
—1.0 while they are between —2.0 & —2.5 on strong
monsoon day.

Figs. 5 (a & b) give 200 hPa level field of vorticity on
strong (5 July 1977) and break (25 July 1972) monsoon
days respectively. Negative vorticity field lies over south
Peninsula over India on both the days and on strong
monsoon day the values are stronger of the order of
—1.0 along west coast. Positive vorticity field to the
north of 16°-18° N of latitude lies on both the days.
On break monsoon day, the values of the vorticity of
the order of 4, lies between 25° N & 30° Nand on
strong monsoon day they are of the order of 2 over the
same latitudinal belt.

4.3. Field of vertical velocity

Figs- 8 (a & b) show at surface the field of vertical
velocity on strong (5 July 1977) and break (25 July 1972)
monsoon day respectively. On strong monsoon day,
there is upward motion over the entire country outside
northeast India and southeast Peninsular India. Magni-
tudes of upward motion are of the order of —2 near north
Andaman Sea and Arakan coast, north India and along
the west coast of India. There is downward motion over
northeast India (< 1.0) and also over northwest Arabian
Sea off Saudi Arabia coast. On break monsoon day,
the Peninsula and northeast India have smaller values
of upward motion and over northwest India, smaller
values of downward motion. Upward motion 1s more
over north Andaman Sea off Burma coast on strong
monsoon day than on break monsoon day. There is
subsidence over west central Bay off Andhra coast on
both the days.

Figs. 9 (a & b) show the vertical velocity field on
strong and break monsoon day. On strong monsoon day,
the axis of the strong upward motion passes through
(30°N, 50°E), (25°N, 80°E), (20°N, 90°E) and (20°N,
105°E). The upward motion of the order of—2 to =3 %107
mb/sec lie over south Iran, central India, north Bay and

Burma. There is downward motion over northeast India
-2 mb/sec and Peninsular India. On break monsoon
day, there is downward motion over India outside the
belt from Peninsular to northeast India when there is up-
ward motion. The upward motion over northeast India
is of the order of (—1 % 10—2) mb/sec. There is also down-

. ward motion over north Iraq and adjoining Caspian

Sea.

5. Heavy rainfall and monsoon trough

The position, intensity and tilt of the monsoon trough
with height are important in governing the spatial
and intensity distribution of the monsoon rainfall. In
figures the position of the monsoon trough,
whenever available, have been shown. It could be clearly
seen that fields of divergence, vorticity and vertical
velocity are most conducive for the contrasting distri-
bution of monsoon rainfall for the strong and break
monsoon spells. Figs. 6 (a & b) show the position of
monsoon trough with height and also rainfall realised
the nextday. It could beseen that during strong mon-
soon spell, the belt of heavy rainfall is confined between
the surface monsoon trough and 700 hPa monsoon
trough. This has been verified in all the five spells of
strong monsoon studied here. This finding can be used
to forecast the belt of heavy rainfall in strong monsoon
situation.

6. Synoptic scale east-west zonal circulation

We could see in Figs. 2-5, 8&9 in strong monsoon, there
is low level convergence, positive vorticity and vertical
motions over northwest India and there is corres-
ponding low level divergence, negative vorticity and
downward motion over northeast India. Thus, there is an
east-west zonal circulation with its ascending limb over
northwest India and descending limb over northeast
India, similarly over Peninsular India, second east-west
zonal circulation whose ascending limb is over and along
the west coast of Peninsular India and descending
motion over southwest Bay and neighbourhood. In break
monsoon, this east-west zonal circulation reverses or
weakens considerably. Figs. 7 (a & b) show the vertical
profile of divergence and vertical motion for the strong
and break monsoon day. The east-west zonal circulation
is very clearly seen here in strong and break monsoon
periods.

Walker (1920) found a quasi-periodic oscillation of
sea level pressure between the Pacific and the Indian
Ocean which he called as Southern Oscillation (S.0.).
He described S.0. as “‘when pressure is high in the
Pacific Ocean, it tends to be low in the Indian Ocean
from Africa to Australia”. Walker (1920) was the first
to show that S.0., which is essentially an oceanic pheno-
mena, is intimately related to the Indian monsoon.
Bjerknes (1969) suggested that the El-Nino (sudden
warming of sea surface temperature) is closely associ-
ated with the S.0. discovered by Walker. Bjerknes
(1969) further postulated an east-west zonal circulation
in the equatorial Pacific and called it “Walker’s circula-
jon” as the physical mechanism for the 8.0. dis-
covered by Walker (1920). Over the Asiatic monsoon
region, we can extend the idea of Walker’s circulation
(east-west zonal circulation) and study its variation
in relation to the fluctuations of the monsoon rainfall.
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Walker’s (1920) circulation over the tropical Asiatic
monsoon region is mainly a planetary scale circulation.
Whereas, the east-west zonal circulation which we have
observed over Indian monsoon area is a synoptic scale
circulation. It is observed in the study of five spells of
break and strong monsoon that the synoptic scale east-
west zonal circulation is an associated feature of strong
and break monsoon. We know that the strong and break
monsoon conditions are characterised by contrasting
rainfall distribution in association with the position,
intensity and tilt of the monsoon trough. Now, we can
add that the position and intensity of the synoptic scale
east-west zonal circulation is also an important associ-
ated feature of monsoon which can be used for fore-
casting monsoon rainfall. As no two spells of strong
monsoon (or break monsoon) are identical and differ
in many respects, this synoptic scale east-west zonal
circulation also fluctuates and can be used for forecast-
ing monsoon rainfall.

7. Conclusions

(1) Contrasting rainfall distribution in spells of break
and strong monsoon, can be explained by the fields of
divergence, vorticity and vertical motion.

(if) Instrong monsoon, heavy rainfall belt lies between
the positions of monsoon trough in surface and 700
hPa. This can be used for heavy rainfall forecast.

(iif) Two synoptic scale east-west zonal circulation are
observed over the Indian monsoon region. The one

over north India has an ascending limb over northwest
India and descending limb over northeast India during
strong monsoon spell. This either reverses and becomes
weak in break monsoon. Similarly, over Peninsular
India, there is an ascending limb along the west coast
of Peninsular India and descending limb over south-
west Bay of Bengal and neighbourhood. This either
reverses or weakens during the break monsoon.

(iv) This synoptic scale east-west zonal circulation is
a characteristic feature of Indian monsoen and can be
used to study the fluctuations in monsoon rainfall,
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