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A cyclonic storm as seen from enhanced AVHRR
satellite imagery
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ABSTRACT. An Advanced Very High Resolution Radiometer (AVHRR) sensor has been provided
in the TIROS-N series of polar orbiting satellites. With this, very high resolution pictures (1.1 km at
the sub-satellite point) can be obtained of the earth’s cloud cover. A suitable ground equipment to
receive these signals has been set up in the Meteorological Department at New Delhi in February 1981.
An attempt has been made in this paper to study the finer aspects of a cyclonic storm which developed
in the Bay of Bengal in September 1981.

This study reveals the great utility of enhanced satellite pictures in correctly estimating the centre
and intensity of weather systems. The formation of an area of intense Cb clouds to the northeast of

the system suggests that the system will subsequently move in a northeasterly direction.

1. Introduction

The TIROS-N series of polar orbiting satellite
are provided with an Advanced Very High Reso-
lution Radiometer (AVHRR). This transmits
very high resolution pictures of earth’s cloud
cover, the resolution being 1.1 km. at the sub-
satellite point. This radiometer has five channels
which measure energy in the visible, near infra-
red, water vapour and thermal infra-red regions.

A suitable ground equipment to receive the
signals transmitted by the AVHRR has been set
up in the Headquarters Office of the Meteorolo-
gical Department at New Delhi in February 1981
and useful pictures are being received from May

1981.

The NOAA-6 and NOAA-7 satellites belonging
to the TIROS-N series are at present circling the
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globe transmitting AVHRR data, An attempt has
been made in this paper to study the finer as-
pects of a cyclonic storm which developed in the
Bay of Bengal in the end of September 1981
with the help of the pictures obtained with this
equipment using enhancement techniques. A
somewhat similar study about the structural and
cloud organisation changes duraing the Saurashtra
cyclone of 6-12 November 1978 was made by
Narayanan & Rao (1981).

2. Brief history of the system

A well marked low pressure area was seen
in east central Bay of Bengal on the morning of
24 September 1981. This system intensified into
a depression on the evening of 24th. It further
intensified into a cyclonic storm on 25th morn-
ing and crossed Orissa coast near Puri on 26th
morning. After crossing coast, the cyclonic storm
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Fig. 1. Enhancement curve for the cyclonije storm

weakened into a deep depression. From 28
September the depression moved in a NEly direc-
tion and broke up over the Western Himalayas
by 29th morning.

3. Source of data

Polar orbiting US satellites NOAA-6 and
NOAA-7 are presently circling the earth, With
this we can get four pictures a day, Both these
satellites transmit AVHRR (Advanced Very
High Resolution Radiometer) data at 1.1 km
resolution. Visible and infrared pictures used in
this study have been taken from NOAA-6 and
NOAA-7 day time AVHRR data. An attempt
has been made to use infrared data to determine
the temperature (and indirectly the height) of
the coldest cloud top using an enhancement tech-
nique.

4, Description of the enhancement curve used for the
study of cyclonic storms

Enhancement of infrared satellite data is used
to bring out clearly the temperature distribution
in clouds by assigning different shades of grey

to different temperature ranges. The enhance-
ment curve uged in this study for finding the finer
aspects of the cloud features associated with a
cyclonic storm is shown in Fig. 1. As can be seen
from the graph, this enhancement changes the grey
shades of input radiance values corresponding to
the temperatures from 33.7 deg. C to—110.2 deg.
C into 10 segments. The low clouds in the tempe-
rature range 33.7 deg. C to 9.3 deg. C are
enhanced in the second segment and the output
shade changes from black corresponding to
33.7 deg. C to white corresponding to 9.3 deg. C.
In the third segment medium to high clouds are
enhanced while from 4th onwards it is completely
high clouds. As the wall clouds extend to very
great heights, it is reasonable to assume that they
will be beyond 200 mb heights, where the aver-
age temperature is about —55 deg. C. Narayanan
& Rao (1981) have taken 255 deg. K (—18 deg.
C) as defining the CDO cloud boundary. It is,
however, felt that this is too high a temperature
representing medium cloud level to define the
CDO. As CDO is the dense overcast mass of
clouds forming part of the comma head, its tem-
perature will be much colder than —18 deg. T
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Fig. 2. NOAAsg visible imagery of 23 September 1981, time 07-00-26 IST
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Fig. 2. NOAA-7 visible imagery of 26 September 1981, time 14-26-51 IST
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L Fig. 4. NOAA-7 infrared (enhanced) imagery of 26 September 1981, timz 14-36-51 IST
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Fig. 5.
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NOAA-7 infrared (enhanced) imagery of 27 Seplember 1981, time 14-25 IST
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Fig. 6. NOAA-6 visible imagery of 28 September 1981, time 08-07-55 IST
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Fig- 7. NOAA-5 infrared (cuhanced) imagery of 28 September 1981, tims 08-07-55 IST
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Fig. 8. NOAA-7 infrared (enhanced) imagery of 28 September 1981, time 08-07-55 IST
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and hence the temperature of —65 deg. C and
lower representing the cirrus level and above will
adequately represent the CDO. Thus the seventh
segment and above corresponding to a tempera-
ture — 65 deg. C and lower may be expected to
represent the wall clouds, Consequently area
bounded by the black shade represents the wall
clouds of the cyclone.

5. Day to day changes in cloud features associated with
the cyclonic storm

Visible satellite imagery on the morning of 25
September 1981 (Fig. 2) shows the initial organi-
sation of a developing cyclone. The cloud mass
at the centre has not yet organised but Cb cells
are seen all around the centre. The centre is at A
in the cloudless region near 18.0 deg. N, 88.5
deg. E giving the false appearance of a banding
type of eye. According to Dvorak’s classifica-
tion (Dvorak 1975) the cloud configuration can
be assigned T-number 2. This depression has
concentrated into a cyclonic storm on 26th
morning as seen from NOAA-6 satellite cloud
imagery. A central dense overcast (CDO) is
clearly seen and the centre of the cyclonic storm
is within the CDO. The afternoon infrared cloud
imagery (Fig. 3) shows the CDO is somewhat
elongated and the centre is within the CDO.
Fig. 4 shows the enhanced IR imagery taken on
the afternoon from NOAA-7 corresponding to
the unenhanced infrared picture seen in Fig. 3.
The enhanced picture (Fig. 4) shows the coldest
cloud top is in the right hand corner of the CDO
and the coldest temperature is less than —77
deg. C (top medium). However, the cloud top
is not very well organised and circular, Some
cloud bands are clearly seen around the main
system. West of the main cyclonic centre, there
is a fairly large area in NE Arabian Sea off
Gujarat coast having large cumulonimbus clouds,
tops reaching beyond —77 deg. C. A long train
of medium and low clouds emanates from this
huge convective mass towards NE indicating the
presence of a low level trough.

The enhanced features associated with the
afternoon picture of 27 Sept 1981 can be seen in
Fig. 5. Curved convective bands are clearly seen

converging towards centre. Though the banding
is better organised on this day than on 26th, the
lowest cloud top temperature is colder and more
extensive on 26th than on 27th as seen by the
area covered by the white and top medium shades
on these 2 days. Thus by the cloud top tempera-
tures, we can conclude that the system was wea-
ker on 27th than on 26th. This is also borne out
by the synoptic features, namely the lowest isobar
on 26th being 997 mb, whereas it is 998 mb on
27th, the 24 hour pressure drop on 26th was
11.4 mb while it was 9.0 mb on 27th.

Three large cumulonimbus cells can be seen
embedded in the low level trought to the west
and northwest of the deep depression aligned in
a SW to NE direction., The tops of these Cb
cells are quite cold, extending beyond — 77 deg.
C. These are probably the outcome of the huge
Cb area seen on the previous day of Gujarat
coast.

Visible satellite imagery of NOAA-6 on
28 September 1981 (Fig. 6) shows that the
circulation associated with the deep depression
is centred near 24.5 deg. N, 78.5 deg. E. To
the south of the main system a large bright dense
circular could mass is also present. This represents
an area of intense convection as seen from the en-
hanced AVHRR picture of NOAA-6 (Fig. 7)
whereas by seeing the visible picture alone, it
can be mistaken for cyclonic circulation. The low
level trough to the west of the deep depression
is no more visible on 28th morning except as a
belt of low clouds. Another significant feature
brought out in the visible picture of this day
(Fig. 6) is a dark shadow line (AB) represent-
ing the shadow of the thick muitilayer clouds to
the right on the low level clouds to the left, fitting
with the Sun’s pogition.

The infrared cloud imagery of the afternoon
is shown in Fig. 8 This enhanced picture does
clearly indicate that the banding feature has
greatly weakened, though the coldest cloud tem-
perature is extending beyond —77.0 deg. C as
suggested by top medium shade at the centre.
This is probably due to the merger of the wes-
tern disturbance cloud with that of the depression.
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Another noteworthy feature is the presence of an
intense thunderstorm area to the NE of the
system. This suggests the recurvature of the
system towards NE. The deep depression actually
recurved and moved NEwards from 28 Sept
1981. Thus the presence of such intense convec-
tive clouds can give the clue for recurvature.
Mishra and Singh (1977) have also observed the
formation of active convective band in the direc-
tion ahead of a cyclone.

6. Conclusion

This study reveals the great utility of enhanced
satellite pictures in correctly estimating the cen-
tre and intensity of systems just as Narayanan &
Rao have felt about the utility of CTT (Cloud
Top Temperature) maps. The system in our study
was a marginal cyclone with no ‘Eye’ seen. The
Central Dense Overcast (CDO) was secn only on

one day, viz., 26th in the visible picture. The for-
mation of an area of intense Cbh clouds to the
NE of the system on 28th appears to suggest
that the system will later recurve northeastwards
which it actually did. As observed by Narayanan
& Rao no progressive shift of the deep convec-
tive zones was noticed in this case when the
system was decreasing in intensity.
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