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ABSTRACT. This is the study of a cyclone over the Indian seas in 1981 using enhanced
Advanced Very High Resolution Radiometer (AVHRR) pictures received at New Delhi. We note that
the area bounded by the temperature contour of —65 deg. C defines the Central Dense Overcast (CDO},
The size of the CDO was seen to increase with the intensity of the storm. This could be used as a
parameter to forecast intensification. Even though the storm attained the intensity of a severe cyclonic
storm with a core of hurricane winds, there was no ‘eye’. Thus a severe cyclopic storm with a core
of hurricane winds may exist without an ‘eye’ in satellite pictures. With the advent of INSAT more
frequent pictures at half hourly intervals will’ become available when more light can be thrown on

the ‘eye’ characteristics.

1. Intreduction

An AVHRR (Advanced Very High Resolution
Radiometer) equipment was installed in New Delhi
in February 1981. The facility of gefting satellite

pictures by introducing enhancement curves through a ‘

micro-computer became possible in September 1981,
The post monsoon season (October to December) of
1981 was thus the first scason, when these enhanced
pictures were obtained on real time, In this study, the
progress of a cyclone from its incipient stage has been
studied using enhanced pictures. This provides bright-
ness temperatures at the top of clouds.

2. Data

+ As there were two NOAA-6 and two NOAA-7

passes per day, this study uses 4 AVHRR pictures
4 .
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per day. Enhanced infrared pictures were obtained and
used from 30 October when the system" became a
cyclone.

3. Discussion of the emhancement curve used

Utilisation of enhancement techniques in the study
of cloud pictures is fairly well established in satclljte
meteorology. We know that when temperature
gradients are small, it is difficult to recognise significant
cloud features in the IR fmagery. So to get a more
detailed temperature definition in the IR imagery, the
entire temperature range can be divided into a number
of smaller segments and the input count values corres-
ponding to these temperature ranges changed artificially
into some suitable output count values. This is done
by a suitable enhancement, the details of which are
given in Table 1,
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TABLE 1

‘Enhancement curve for the cyclonic storm
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- pattern
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12 —160.7 to—110.0 238-255 235 ‘While -

This is a modification of the enhancement used by
us (Veeraraghavan er al. 1983) while studying the
Bay of Bengal cyclone of September 1981. The
advantages of the present emhancement are that very
cold cloud tops of temperature —83 cdeg. C to
~—110 deg. C have been further divided into three
segments and hence such areas, whenever present, arc
easily seen in the enhanced picture. The use. of
enhanced IR pictures in tropical cyclone analysis has
been demonstrated by Dvorak & Wright (1977) and
also referred to in WMQ Technical Note No. 133,

4, Discussion

A low pressure area moved across south Peninsula
and lay over east Arabian Sea on 28 October 1981.

It intensified into a cyclonic storm on the morgping of
30th as seen from the good comma shaped cloud with
cirrus outflow in all sectors except southeast, as
revealed by the NOAA-7 satellite picture, This cloud
configuration (Fig. 1) will have a T-number of 3.0
in Dvorak’s scale (Dvorak 1975). Enhanced infrared
picture has shown an intense coavective band to the
northeast of the central dense overcast region (CDO),
which is not apparent from the visible picture. A
comparison of the visible and cnhanced infrared
pictures of 30 October shows that the area bounded
by the temperature contour of —65 deg. € could
define the central overcast region.

The infrared and the enhanced infrared pictures of
31 October {Iigs. 2 & 3) show that the central region
is better organised when compared with 30th. The
area of very cold clouds of temperature less than

—385 deg. C has almost doubled (figure not presented),
Cirrus outflow is scen prominently in all sectors except

northeast where intense canvective clouds extend upto
--98 deg, C.

The NOAA-6 enhanced IR picture of 31st morning
(Fig. 4) shows that the central overcast region is
almost circular indicating intensification. Dvorak’s
classification will assign it a T-number of 4.0. A small
top medium gray area (marked by an arrow) seen
within the colder dark gray denotes a warmer area,
represeniing the beginning of ‘eye’ formation. How-
ever, ‘eye’ was no! seen in the comventional VIS &
IR pictures, This feature did not continue in subsc-
quent pictures, It may be seen that the coldest (empera-
ture reached by the cloud tops was lower thun —100
deg. C in the early morning of 31st whereas 6 hours
later when the formation of ‘eye’ has started, the cloud
top heights have considerably decreased, as secen by
the absence of the coldest white (—100.7 to
—110 deg. C).

There is a fairly large and intense conveciive mass
to the northnortheast of the cyclone centre, dis-
sociated from the main cloud mass. NOAA-7 after-
noon enhanced picture (Fig. 5) shows that the central
dense overcast is trying to lose its circularity and
the temperature distribution is not uniform. The cloud
top temperature has become colder by the appearance
of ‘coldest white’ shade near the edge of the ceniral
overcast region. These features indicate the beginning
of the weakening of the cyclone and it can now be
assigned T No. 3.5. Narayanan and Rao (1981) have
also pointed out that the coldest cloud tops shift to
the southern edge when it starts weakening. NOAA-6
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NOAA-7 (enhanced IR) of 31 Qctober 1981,
time 02-44-05 IST

Fjg. 2.

Fig. 1. NOAA-T {vis} of 30 October 1981

= :
Fig. 3. NOAA-7 fiafrared) of 31 October 1981, Fig. 4. NOAA-6 {enhanced infrared) of 31 Qctober
time 02-44-05 IST 1981, time 08-15.30 IST
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Fig. 5. NOAA-7 (infrared) of 31 October 1981, time 14-38-12 IST
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Fig. 6. NOAA-6 {(enhanced infrared) of 31 October 1981, time 20-04-53 IST
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Fig. 9. NOAA.7 (infrared) of 2 November 1981, !
time 02-20-43 IST

Fig. 8. NOAA-6 (infrared) of 1 November 1981,
timo 19-41-25 IST
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TABLE 2

Size of central dense overcast (CDQ) and central
exhaust clouds (CEC)

Average diameter of Average diameter of
CPO (km) measured CEC (km) measured

: aloig aL(\)_ng
Date ‘ Lat. Long‘. " Lat Long.‘

30 Oct 1981 423 570 153 240

(1449 IST) '
" 31 Oct 1981 531 460 297 300

{0244 IST)

31 Oct 1981 405 410 243 230

{0815 IST)

31 Oct 1981 324 480 126 180

{1438 IST)

31 Oct 1981 387 350 234 250

(2004 1ST)

01 Nov 1981 279 230 153 120

(1941 IST)

02 Nov 1981 477 400 288 220

{0256 1ST) 4

night enhanced picture at Fig. 6 shows better orgamsa-
tion as compared to Fig. 5 and the disturbance in-
tensity can be estimated as T 4.0. The coldest area
represented by white has shifted nearer to the centre.

Fig. 7 gives the temperature distribution of the top
of clouds on 1 November 1981. The area of very
cold clouds has considerably decreased and the tem-
perature distribution has become asymmetrical _indi-
cating a decrease in the intensity to T 3.0. From Fig. 7
we can also find out the height to which the cirrus
outflow, scen in the northwest sector, extends,

From the afternoon of 1 November, the cyclone
again showed signs of intensification as seen from
Fig. 8. Compared to the absence of circularity and
gradient seen in Fig, 7, the 1intensaﬁce_mon pff the
cyclone can be noticed from the greater circularity and
gradient seen in Fig. 8. A small area of top medium
shade which is warmer than its surroundings could
be seen on the evening of 1 November. The cyclone
has further intensified to the hurricane level of T 4.0
as brought out in Fig. 9. The area of very cold clouds
has considerably increased and the gradient has also
become very steep. For quantification purposes
measurements of the size of the central overcast region
(CDO) were made with the original pictures. It was
scen that the CDO size on the early morning of
2 November (Fig. 9) was nearly three times that of
the evening of 1 November (Fig. 8). Also in Fig. 9,
inside the coldest black, a very small area of dark
gray representing a warmer area was seen in the
original picture. This could not be reproduced in the
photograph presented, The warmer areas seen inside
relatively colder surroundings on ist evening and 2nd
morning were indicative of the reformation of the eye,

5, Estimate of maximum wind

In order to see whether our estimates of the cyclone
intensity were correct, the maximum sustained wind
has been computed using Fletcher’s formula. The lowest
sea level pressure recorded during the cyclone was at
Porbandar, viz., 985.3 mb at 00 GMT of 2 November
and the cyclone has passed close to Porbandar, Hence
it is reasonable to use this pressure as the central pressure
to give an estimate of maximum wind. Natarajan and
Ramamurty (1975) have modified Fletcher’s formula
to suit the cyclones in the Indian seas. They have
proposed the relation Viax = 13.64/P, — P, where
P, is the peripheral pressure and P, is the central pressure
in mb. Some workers have opined that instead of the
actual value of the outermost isobar, a constant value
of 1010 mb can be used with good results. Thus the
modified form of Fletcher’s formula becomes

Vingx = 13.64/ T010-P,
where P, is the central pressure.

This wind speed agrees with the maximum wind
speed of 102 kmph recorded at Jamnagar. Dvorak
(1975) has given a table relating mean sea level
pressure with cyclone intensity in the form of T-
numbers. In this table T4 corresponds to 987 mb
which also more or less coincides with the lowest pres-
sure recorded at Porbandar, Thus the estimation of
intensity of the system as T4 seems to be fairly in
agreement with the actual,

6. Size of central dense overcast

Table 2 gives the size of the central overcast region
(the almost circular area bounded by the black shade
corresponding to the temperature range —o05 to
—69 deg. C in the infrared enhanced picture} from
day to day based on original pictures. The central
overcast region had reached a maximum of 4.8 degree
on the early morning of 31st. This incidentally was
the time where the cyclone was at its peak intensity
of T4 as seen in the preceding discussions. The size
of the overcast region had started decreasing from 31st
afternoon and reached a minimum on the morning of
1 November (not shown in the table as it has lost its
circularity}. Thereafter the size has again started in-
creasing and reached an average diameter of about
3.7 deg. on the early morning of 2 November. Thus
the increase or decrease in the intensity of the cyclone
seems to be directly related to the size of the central
dense overcast region as derived from the enhanced
IR picture.

7. Reason for infensification

The reason for the intensification from 1st morning
(Fig. 7) to 2nd early morning (Fig. 9) is perhaps
due to the concentration of the kinetic energy in one
area as in Fig. 9 unlike its spread out as seen in
Fig. 5 due to the presence of very high convective
cloud areas to the north and northeast of the. main
cloud mass. In other words, the increased intensity of
the disturbance to the level of a severe cyclone with a
core of hurricane winds on 2nd morning is probably
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due to the merger of the convective cloud masses to
the north with the main cloud mass of the system.
‘Incidentally it may be seen that Fig. 9 is more or less
similar to that of Fig. 4 confirming to the intensifica-
tion that has taken place in the course of 1 November
1981.

8. Area of coldest clouds

While discussing some aspects of tropical storm
structure revealed by photographs obtained from hand
held camera from space, Black (1977) has said that
the circular exhaust clouds (CEC) which is a large
dome protruding to the stratosphere, extends nearly
3 km above the undisturbed cirrus level with smaller
scale convective turrets extending another 1 to 1.5 km
higher, He has also said that for hurricane Ellen of
September 1973 in the Atlantic the circular cloud was
nearly 200 km in diameter. The temperature ncar the
tropopause in tropical latitudes is of the order of —75
to —80 deg. C, which is represented by ‘top medium’
shade in our enhancement. As the CEC is protruding
into the stratosphere, we can infer that the colder
<cloud contours within the top medium gray shade
(defined by dark gray, black & white shades) will
adequately define the CEC. In the enhanced pictures
presented the diameter of CEC which contains the
overshooting tops is roughly of the order of 200-
250 km, the maximum being 300 km as shown in
Table 2.

it is also observed that the temperature gradient is
very steep on the castern side (especially in the north-
east quadrant) of the central overcast region of the
tropical stormr on almost all days, as seen from the
packing of the temperature contours consistently on
the eastern side, Figs. 2, 4, 5, 6 & 9 bring out this
fact clearly, This will mean that most intense convec-
tion is taking place on the right semi-circle of the
direction of motion, This is supported by the observa-

tion that in tropical storms, maximum winds are

generaily observed in the right semi-circle of the direc-
tion of motion ¢Dunn & Miller 1964). Black (1977)
has also pointed out that maximum winds occur in
the area of most intense convection and overshooting
turrets. Dvorak has observed that. steep temperature
gradient was most often seen on the western side of
the pattern in the case of Atlantic storms where the
upper level flow was strong from west. On the same
analogyt, the temperature gradient for Arabian Sea
storm is steepest on the eastern side due to the upper
level flow over the storm being from the east,

9. Absence of eye -

It is interesting to note that this hurricane did not
show clear cut eye formation on any day, especially
on 31 October when it reached peak intensity of T4.
As ‘eye’ of a cyclone is an area of practically no
clouds, in the enhanced picture it should have shown
itself as the warmest area and hence of shade, black
or near black, corresponding to segment 1 or the
beginning of segment 2 of the enhancement . curve
.(Table 1). Malkus (1958) has said that wind speed
in the circulation of a tropical disturbance cannot
exceed 45 mph (40 knots) without the formation of

an eye. Thus the absence of clear cut eye in this case
is probably due to the non-availability of continuous
satellite imageries. With the advent of INSAT, more
frequent pictures at half hourly intervals will become
available and hence more light can be thrown on ‘eye?
¢haracteristics,

:

10. Conclusion i ‘

.

This study brings out the importance of enhanced
satellite imagery in estimating the intensity of tropical,
cyclones. In the enhanced picture the circular area
bounded by the black contour corresponding to the
cloud top temperature of —65 deg. C and lower can
be taken to represent the central overcast region of
the storm. The size of the central dense overcast region
appedrs to be directly related to the intensity of storm
and hence its growth as defined above can be used to
forecast the intensity of a cyclone in the early stages
when eye is not formed. The area of most intense
convection occurred in the E/NE sector of this cyclonic
storm and this incidently was the area of maximum
winds on the ground. This study further indicates that
the wall cloud of the cyclonic storm extends to tem-
peratures much beyond -85 deg. C. Further, a
tropical disturbance can reach severe cyclone intensity
with a core of hurricane winds without showing an
eye in the satellite imageries, The steepest gradient in
the temperature pattern on the eastern side is probably
due to the strong uvpper level flow from the east. .
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