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Wind and cloud structure of monsoon depressions
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ABSTRACT. A detailed study of the wind distribution around monsoon depressions using the m:thol of
compositing is presented.  Evolution of the wind field with intensification of the depressions from one-zloszd-
isobar stage to four-closed-isobar stage is discussed. The vanation in the slope of the depressions in vertical at
different stages of their development is examined. Considering the observed composite wind distribution as a
model distribution the wind data so derived may be used for the purpose of supplem:zating the obszrvatinail

data for objective analysis in real time situations.

Evolution of thz cloud structure as seen in INSAT cloud imageries at different stages of development of

monsoon depressions in a few typical cases is also examined.

1. Introduction

Data sparseness in the tropical oceanic regions is one
of the most serious handicaps in the numerical analysis
and prediction systems, The problem of corect represen-
tation of tropical disturbances in the objectively analys-
ed initial fields is particularly serious when they are
located in the data sparse areas out at sea. The only way
to get over this problem is to artificially generate the
vortex by feeding some observations in the area of
interest through manual intervention.  However,
subjectively generated data would have their obvious
limitations besides being time consuming. It would also
not be possible by a human analyst to bring out the
detailed structure of the systems for the fine resolution
numerical analyses. The aim could best be achieved by
introducing a predefined detailed structure of the
disturbance in question and moduling it with the analysis
program.

One of the important disturbances, which interests the
Indian meteorologists, is the monsoon depression.
Various attempts have been made to define the structure
of monsoon depressions. Sikka ef al. (1980) and Nitta &
Murakami (1980) have analysed the wind field of a
monsoon depression using aircraft and conventional
data collected during MONEX. Recently Sarker and
Chowdhury (1987) have constructed an averaged compo-
site structure of monsoon depressions with reference
to the tangential and radial components of wind.

(365)

The objective of this study is to construct a
detailed composite structure of monsoon depressions
s0 as to define the wind distribution around it at closely
spaced points, at different levels, at different stagas of
its development, and to compile thz informatioa in a
form usable for objzctive analysis. Attention is focussed
on the wind distribution alonz for the present study
as the wind analysis is considered to bz more imporiant
in the tropics. The technique of compositing several
cases has been adopted. Attempt has also b2en made to
correlate the visual satellite cloud imagery with thz
intensity ol depressions in a few typical cases in the
light of existing knowledge of intensity of tropical
disturbances vis-g-vis satellite cloud features.

2. Data and methodology

The cases of monsoon depressions for the pzriod
during FGGE year 1979 and recent three years, 1984
to 1986, have bzen considered for this study. The wind
data plotted on the upper air synoptic charts of 00 and
12 UTC prepared at the Northern Hemisphere Analysis
Centre (NHAC), New Delhi were picked up manually
for the period 1984-86. These data were supplemented
by the dropwindsonde data of 1979 availablein thz
published form.

The data were picked up with the help of a circular
grid overlay moving with the centre of the depression.
The data ware placed in 160 grid segments formed by
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Fig. 1. Composite wind field around monsoon depressions (Isobar-1). Depression centre at mean sea level; (Wind speed in knots),

Figures plotted near wind barbs are the middle digits of wind direction
L—Position of associated upper air vortex at the level
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Fig. 2. Composite wind field around monsoon depressions (Isobars-2), Depression centre at mean sea level: (Wind speed in
knots), Figures plotted near wind barbs are the middle digits of wind direction

L— Position of associated upper air vortex at the level

700 mb

% i i i : ons ars-3). Depression centre at mean sea level; (Wind speed in
. Composite wind field around monsoon depressions ‘[I‘sohdrs. depre
Fig. 3 Enots). Figures plotted near wind barbs are the middle digits of wind direction

L—Position of associated upper air vortex at the level
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Fig. 4. Composite wind field around monsoon depressions  (Isobars-4). Depression centre at mean sea level; (Wind
speed in knots). Figures plotted near wind barbs are the middle digits of wind direction

L— Position of associated upper air vortex at the level

16 points of compass and intervals of 1 deg. radial
distances up to 10 degrees. The wind data at three
standard isobaric levels 850,700 and 500 mb (hPa) were
tabulated. In the first instance the data of up to 500 mb
only are considered in this study as the monsoon
depressions are known to generally extend up to that
level. Tt is proposed to extend this study to higher levels
in due course. While fixing the overlay at each level the
grid centre was placed at the point corresponding to the
surface position of the depression, and not the centre at
the upper level which would be generally different from
the surface centre due to slope of the monsoon depres-
sions. This procedure was adopted to examine the wind
distribution at each level with reference to the surface
centre, and to evaluate objectively the slope of the
monsoon depressions in the composite picture. In all
about 40 depression events were compiled.

For the purpose of defining the intensity of the system
we took the number of closed isobars in the field of the
disturbance as the criterion. The data were tabulated in
four separate categories corresponding to one, two,
three and four closed isobars. The depressions from
beginning to end of their life history were taken into
consideration, even after crossing over to the land. This
was necessary to maximise the data to the south and
southeast of the depressions which is our main interest.
Since we are considering only those levels which are
above the boundary layer the errors in assuming the
wind distribution over land being valid over the sea
would not arise.

Each wind observation was resolved into its « and v
components. The segment averaged wand v components
were then converted back to wind direction and speed.
Tsotach analysis was performed.

3. Structure of monsoon depressions

The composited charts of resultant winds for the four
categories of monsoon depressions (isobars one, two,
three and four) at three levels 850 mb, 700 mb and 500 mb
are shown in Figs. 1-4. We find some well defined
features of the wind flow around the depressions which
stand out vividly and distinguish the four categories
from each other. The composites reveal interesting

facts about the slope of the monsoon depressions. The
distribution of winds may be looked at from the follow-
ing two aspects :

(i) Wind flow within the field of closed vortex which
may be taken to have an average diameter of about 4-5
deg. around the centre and

(ii) Environmental flow away from the direct field of
vortex.

In the discussion that follows the distribution of
winds is sketched with reference to the above two
aspects.

3.1. Well marked low pressure area (Fig. 1)
(a) Wind circulation

Two distinct wind maximas are seen. An east wind
maxima of 20-30 kt occurs at all the three levels within
the field of the low on its northern flank between the
radial distances 2 & 5 degrees from the centre. There
exists a broad belt of strong westerly wind flow
away from the field of the low to its south at
radial distances outward of [4-5 degrees. A wind maxima
with a core of 40 kt occurs between the radii 4 and 5
degrees due south of the centre at 850 mb. The strong
westerly flow decreases with height and the strong wind
zone shrinks in extent.

(b) Slope

The wind vectors in the western segments, numbered 12
and 13, close to the centre of the low show a marked
veering with height between 700 mb and 500 mb indi-
cating slope of the vortex southwestward. However,
between surface and 700 mb the vortex centre appears to
be vertical.

3.2. Depression with two isobars (Fig. 2)
(a) Wind circulation

The westerlies to the south of the depression field are
seen to extend northward on the eastern side of the
depression and merge with the strong east winds to the
north. The wind circulation becomes stronger and the
area covered by strong winds expands. A belt of strong
winds thus nearly circumscribes the vortex in this case.
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The east wind maxima of the depression field in the
northern sector expands fariher north out to ahout 6-7
deg. radial distance. The core cf cast wind maxima has

a strength of 30-40 kt and occurs at a adia! distance of

2-4 deg. at all the threelevels. At 500 mb a secondary
east wind maxima is found in northeast sectoi at the
outer periphery.

(b) Slope

In this casc enough wind observations are available so
that the vortex at all the threz levels can be unambiguously
drawn. Tt is seen that the voriex centre at 250 mb is
about | deg. to the southwe:: of surface position: from
850 mb to 700 mb it is further | deg. to the southweast and
another half a degree slope exists between 700 mb and
500 mb. Thus the total slope between surface and 300 mhb
is about 2 and a 1/2 deg. to the southwest. i.e. about | in
40. This is in conformity with the findines of earlier
workers (Rao 197a).

3.3. Depression vith three isobars (Fie. 3)
(2) Wind circulation

There is a remarkable change in the wind circulation.
Surprisingly the strong westerly wind circulation to the
south of the depression field is very much shrunk at 8350
mb and 700 mb confined toa small zone away fiom 7
deg. radial distance to the southwest. The correspoading
circulation at 500 mb totally breaks down and 15 much
weaker.

The east wind maxima of the depression ficld in the
north moves closer to the centre. The core extends
southwards on the western side and in the lower level
circulation 850 mb and 700 mb tends to form a ring
around the centre. Another wind maxima of 20-30 kt
develops at 850 mb in the southzast szcior of thxdzpres-
sion at a distance of 4.5 deg. radius.

(b) Slope

The centre of the vortex at 850 mb appears to be nearly
coincident with the surface centre. Between 850 mb and
500 mb the slope is about 2 deg. to the southwest,
Thus the slope of the vortex is milder than the 2-isobar
case.

3.4. Depression with four isohars (Fig. 4)

(a) Wind circidation

The circulation considerably strengthens at all the
levels. The area of strong winds in the north expands out
to 7 deg. radius. The east wind maxima ol the depression
field is stronger than case (c). There are more than one
cores of maxima separated latitudinally at 850 mb and
700 mb. The southeast sector wind maxima which was
szen at the 3-isobar stage strengthens to 30-35 ki,
extends to 700 mb level and moves closer to the centre to

a radial distance of 2-3 deg. In the southwest the zone of

strong winds with core maxima of 35-40 kt at 850 mb
and 700 mb extends from about 5 deg. radius up to the
outer periphery.

(b) Slope

It is interesting to see that the circulation is nearly
vertical in this case,

4. Results and discussion

[. curns oucfrom .he observations made in ihe
ioregoing sec.ion ha. che circulation within the field of
depressions and ‘he surrounding environme:. seems o
evolve in a se. pa.lern with the developmen: of the
syscem. The wind fizld can be divided inio iwo distinct
zones — Lhe environmenial field away from the de-
pression and direc. field of .he depression. Sirong wind
appzars w0 .he southwes: and sou:h away from the
disturbance field. in ail (he s.ages. which charac:erize the
screng hening of zonal wesierly monsoon flow over
Peninsu'a and Bay of Bengal a. che {ime of formation of
-he depressions. The wind discribution within (he field
of .he depressions is highly asymme_ric. The wind maxima
occurs in (he eascerlies in northern hali of the circulaiion
at all the siages of developmen: of monsoon depressions.
However, as the sysiem inlensifies (o a 3-isobar siage
che core of wind maxima moves closer 0 the cenire of he
depression and tfends 0 form a ring around it in the
lower .ropospheric levels, Anoher wind maxima develops
in .he sou.heas: sec.or a. 850 mb. Wilh iis furiher
inwensification .0 4-isobar siage the winds s.rengihen
considerably. The bel. of sirong easierlies expands
norchward and two cores of maxima, widely separated
from each o'her laiiiudinally, occur in this zone. The
maxima in southeas: sireng:hens. ex.ends vpward o 700
mb level and moves closer .o the centre of ihe depiession.

The slope of the depressions in  the veriical as
observed in this siwdy is revealing. The monsoon
depressions are belicved to slope southwesiward with
height towards colcer air as a rule. Srinivasan er af.
(1972) have presenied several cases showing the slope
phenomenon of monsoon depressions. Il is seen here
chat this is no: irue in all the stages of developmeni. We
find “hat the slope is maximum when the depression has
wwo isobars. At the low siage the slope is mild. At the
3-isobarsiage the slopeis a licle less than the 2- isobar

stage. Al the 4-isobar siage (he depression is nearly
vertical.

5. Wind field for objective analvsis

The wind dawa required for feeding into objecive
analysis may be picked up from ‘he composiied s rucure
obiained in this siudy. Taking the composied siruciure
as a model. the winds can be fed inio :he objeciive
analysis sysiem. The coordinates of the poinis of
observations may be worked out with reference o the
cenire of the depression in each case. The cenire and
intensity of the depression may be known from a
prelimnary analysis of the synoptic chart and saielliie
cloud imagery. Features of cloud siruciure from INSAT
imagery in respect of the cases sclected for this siudy are
described in the following paragraph.

6. Features of clond cover asseciated with monspon depressions

Monsoon depressions are relatively weak aimospheric
disturbances which are embedded in a highly sheared
environmental flow. Their characterisiic cloud patiern is
a shear paitern in which dense overcast gets displaced in
the direction of the veriical shearin the layzr in which
the conveciion is embedded. Satellite signatures of
monsoon depressions have been studied by Srinivasan
et al. (1971) and Chowdhury er al. (1985).
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Fig. 5. INSAT-1B VIS jmagery for typical cloud patterns associated with monsoon depressions at different stages of
development?

(a) 09 UTC on 29uly 1984 for initial genesis (welkmarkedilow/depression)
(b) 06 UTC on 10 August 1986 for intermediate stage (depression/deep depression)
() 09 UTC on 31 July 1984 for intense stage (deep depression/intense deep depression)
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Fig. 6. INSAT-1B VIS imagery for typical cloud patterns associated with monsoon depressions at dilTerent stages of
development 1
(a) 06 UTC on 18 August 1986 for initial genesis (well marked Jlow/depression)
(b) 09 UTC on 21 July 1986 for intermediate stage (depression/decp depression)
(¢) 09 UTC on 12 August 1986 for intense stage (deep depressionf/intense deep depression)
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The characteristic feature of a monsoon depression is
a shear patternalso scen in week siages of tropical
cyclones ( Dvorak 1975) in which the dense overcasi
is always seen displaced down shear from e low  level
cenire. The oiher feaiures of these depressions a:
different stages of development as seen in the 3-hourly
INSAT-1B sa:ellite imagery are described below.

(a) Initial genesis

Genesis siage is characierised by a long wes. 10 €as.
band, south of the cenire of the evolving vortex. The band
consists of deep layer conveciive masses no: showing any
rotation at this stage. The centre of the evolving voriex
may or may not get revealed bui is near the deep layer
cloud masses in che relatively clear area nor.h of the band.
The cumulus lines which define the cenire of ary monsoon
depression in the saicllite imagery are generally no.
present at his siage. Figs. 5 (a) & 6 (a) refer o ihe
initial genesis in the case ol monsoon depressions (30
July - 3 August 1984 and 18 - 21 Augus. 1986). In these
two cases very faini cumulus lines arc prescn. in the
clear area around ihe cenire and the deep layer cioud
band is ex.ensive, running wesi (o easi, souh of the
centre of thz voriex. This defines the initial pai.ein cate-
gorised by onc isobar. Af.er the initial genesis further
development of monsoon depression couid be very rapid
and within 24 hours, a sufficiently advanced patiern
could appear in satellite imagery.

(b) Intermediate stage

The zonal band seen in the iniiial siages reorganises

itself and a cu: off is seen in this band jusi io the south of

the cen:re of the monsoon depression. The iruncaied
cloud ciusier/band shows anincrease in <he organisaiion
suggestive of concentiation «f vorticity at the depression
centre and lies to its southwest. This clusier also sometim:s
exiends norihwesiwards and is quite deep layered. The
cumulus lines usually appear in this s.age and define
centire of the monsoon depressicn. This cenire is abou:
1 t0 2 deg. away from .he cenire of the monsoon depres-
sion as fixed in the surface isobaric analysis. The
initial paiern generally evolves in.o  Jhis relatively
improved shear pa:ernin aboul 24 hours and scme.imes
may swiich over inio most advansced pa..ern of the
monsoon dzpression as happensd on 11 Augus: 1986.
Figs. 5 (b) & 6 (b) shcw satellite imagery corresponding £
this patiern. Fain: cumulus lines are scen on [0 August
1986 around th: sysiem cenire at 16.5°N, 87.0° Eaad
also on 21 Julv 1986 when ithe cenlie is defined ac
20.0° N. 87.0° E close to the edge of (h: convoelivz
cluster.

(c) Intense stage

This is the mosi advanced patiein in a monsoon
depression in which the centre of the depression is
increasingly involved with the dense overcas: lying to ihe
west or southwest of the centre. There is an increase both
in the curvaiure of the cumulus lines and also the dezp
layer conveciive mass. The proximity of inicnse clusier
with the circulation suggests that a change over from
shear pattein into an early siage of Ceniral Dense
Overcast (CDO) pattern as in a tropical cyclone is

taking place. The cenire of the voriex is closest to the
edge of the oveicast and this shows that the uli of the
sysiem with height which is a manifestation of the
veri.al shear is the leas: in this category. This is
consiscen: wiih the observacdons made earlier about the
siope of depressions in  4-isobar stage. The size of the
overcas. and i.s siruciure are impor.ant in d:tzrmining
the intensity ol (he depressicn aund a: ihis stage 3 to 5
deg. diameter d=nse overcast with embedded overshcoi-
ing .ops which penciraie the ‘ropopause are secn. Figs.
5(¢) & 6(c) show this mos: advanced patiern on 31 July
1984 and 12 Auvgust 1986. In both the cases the heavy
dense overcas: is just o ‘he wes:/wesisouthwest of the
cenire oi the circulation defined by cumulus lines. The
cumulius lines somz:imes become deep layei bands and
the displacem:ni of the satellite imagery cenire from the
surface cenirc is least in this calegory.

7. Phase difference between the convective surge and the intensity of
monsoon depressions

Munsoon depressions are sub-synoplic scale tropical
dis.urbances which are driven by cumulus conveciion. In
asscciadon wich the ongoing changss in thz eveluiicn of
he monsoon depressions, cenveelion  develops on
varicus tm> and space scaies. According io Warner
(1984) distinction. a priori, bziw-en differen. scales iy
difficult t0 make. Only broad conclusions could be
drawn regaiding thz large scals aspecis from the sa.eliiie
imagery. Each burst in the convection field shows iself
wihin abou: 24 hours in the circulation presumabiy
through the CISK mechanism. Dzcay in the convec.on
field also does noi immediately lead (o simuliancous
decrease in the curient intensily of the depression. But
afier 24 hours decicase in inlensity does take place.
This point is being furiher looked into.

8. Conclusions
The following fac:s emerge from the analysis :

(i) The lower tropospheric wind circulation o the
souh away from the depression is seen o
be sirong in the inital stages of development
and a. the peak sitage of deveiopman:
(d-isobar) s;age. being comparatively weaker
in the inlermediacc siages.

(i) An cast wind maxima exisis in_ the norihern
sec.or of the depression which is seen to move
closer o the cenire with intensification of the
depression. Another core of wind maxima
develops in the southeast secior of the iniense
stages (3 and 4-isobars) which shows a similar
behaviour.

(iii) The slope of the disturbance with height
decreases with increase in the intensiiy of the
depression being nearly vertical at the 4-isobar
stage.

(iv) A long zonal band comprising deep layer
cloud clusters is usually associated with early
siage genesis of a weak depression. In the
iniense siage, the centre is clearly defined by
spiral, close to the edge of the dense overcast
which has sharp edges and also embedded
overshooting tops.
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