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Introduction

This report gives a review of cyclonic disturbances (depressions and
tropical storms) formed in the North Indian Ocean (The Bay of Bengal
and the Arabian Sea) during the year 1993. The definitions of the cyclonic
disturbances as given in the WMO Tropical Cyclone Operational Plan for
the North Indian Ocean (TCP-21) are given in Annex |.

1993 was a year of below normal cyclone activity over the North
Indian Ocean region. There were only five cyclonic disturbances over the
region during this year as against the normal frequency of 15 disturbances.
This has been a rare event during the past 102 years (1891-1992), which
has surpassed the past record of minimum frequency of 7 cyclonic
disturbances in 1984.

Qut of the five cyclonic disturbances during 1993, two intensified
into severe cyclonic storms with a core of hurricane winds (hereafter called
cyclone with hurricane intensity), one each in the Bay of Bengal and the
Arabian Sea. Out of the remaining three, two intensified into deep
depressions while the third one remained as depression only. Two of these
systems formed in the Bay of Bengal whereas the third one formed in the
Commorin area of the Arabian Sca west of Sri Lanka.

Table-1A4 gives the monthly distribution of cyclonic disturbances over
the North Indian Ocean. It may be seen from this table that this year
there was no cyclonic activity in the winter and the pre-monsoon seasons .
The frequencies of cyclonic disturbances during the southwest monsoon
(June-September) and post-monsoon (October/December) seasons this year
were I and 4 respectively. Both the cyclones of huwrricane intensity (one in
the Arabian Sea and the other in the Bay of Bengal) formed in the
post-monsoon season. Qut of the three depressions, one formed in the
monsoon season while the other two formed in the post-monsoon season.

Table-1B gives the life period of each cyclonic disturbance along
with duration of peak intensity, place and time of crossing the coast, loss
of lives as reported in the press, peak storm surge if any etc. Identification
numbers are given to the systems of Cyclone intensity only in accordance
with the para 2.3 of the TCP-21. TABLE-2 to TABLE-6 give the best
track positions at 00, 03, 06, 12 and 18 UTC along with other
meteorological parameters in respect of all the five cyclonic disturbances.

Detailed accounts of all the cyclonic disturbances are given in the
Jollowing paragraphs. The tracks of these cyclonic disturbances are shown
in Fig. 1. The locations of various stations referred to in this report are
shown in Fig.2.




2. Detailed description of cycionic
disturbances

2.1 Pre-monsoon season (March-May)

As stated earlier, there was no cyclonic disturbance during the
pre-monsoon season this year. This is the 8th occasion during the past 103
years (1891-1993) when no cyclonic disturbance formed over the North
Indian Ocean during both the winter (January-February) and pre-monsoon
seasons (March-May). The earlier such years were 1912, 1913, 1915, 1981,
1983, 1984 and 1988.

2.2 Southwest Monsoon Season (June-September)

There was only one cyclonic disturbance (a deep depression) during
monsoon season this year. This is the only year during the last 103 years
(1891-1993) when only one cyclonic distrubance formed over the North
Indian Ocean in the monsoon season. Nevertheless, there were as many as
14 low pressure areas forming over the Bay of Bengal, Arabian sea and
the land areas during this season, which gave copious rainfall over
different parts of the country.The counuy as a whole received 100% of the
long term average rainfall of the southwest monsoon season this year.This
clearly suggests that the fequency of monsvon depressions does not possess
good correlation with the total performance of the monsoon over the
country.

2.2.1 Bay of Bengal Deep Depression of 17-19 June 1993

A depression formed over north Bay of Bengal near lat. 21.5 deg.
N/ long.87.5 deg. E about 150 km southwest of Calcutta (42807) in the
morning of 17 June, 1993. Moving in a northeasterly direction it crossed
the Indo-Bangladesh coast by mid-day of the same day and was centred
near lat. 22.5 deg.Njlong.88.5 deg.E over Bangaldesh by the same evening.
Subsequently it moved towards north-north-east and intensified slowly into
a deep depression by the morning of 18th when it was located near
Jessore (41936) in Bangladesh. The system then moved in a northeasterly
direction, weakened into a depression by the moming of 19th and was
located near lat. 25.5 deg. Nllong.91.5 deg. E about 100 km south of
Guwahati(42410). Thereafter, the depression took a northerly track and
dissipated gradually over Assam & Meghalaya in India by the same
evening.




The system attained its peak intensity in the evening of 18 June
with maximum sustained surface wind speed of 30 kt (56 kmph) and
minimum surface pressure of 988 hPa.

Under the influence of this system southwest monsoon advanced
into Bihar. Widespread rains with heavy to very heavy falls occurred in the
north-eastern states of the country, causing extensive floods over these
stales.

Fig.3 depicts 0300 UTC INSAT-2A gisible cloud imagery of 18
June, 1993 when the system was in a deep-depression stage over
Bangladesh.

2.3 Post monsoon season (October-December)

During the post-monsoon season of 1993 four cyclonic disturbances
formed over the North Indian Ocean. As stated earlier two of these
disturbances intensified into severe cyclonic storm with a core of hurricane
winds one each in the Arabian Sea and the Bay of Bengal. Remaining
two were of depression intensity, one in the Commorin area of the
Arabian Sea and the other in the Bay of Bengal. Detailed descriptions of
these disturbances are given in the following paragraphs.

2.3.1 Arabian Sea depression of 8-9 November 1993.

This depression developed near lat 6.5 deg.Nilong 78.5 deg.E at
0300 UTC of November 8,1993 from a pre-existing low pressure area
which emanated from the active 1.T.C.Z. region. Moving northwards with
the same intensity, it lay centred near lat. 7.0 deg.Nilong.78.5 deg.E over
the Commorin area of the southeast Arabian Sea by the same evening. It
continued to move in a northerly direction with a relatively faster speed
and crossed the southern coast of India near Tuticorin (43379) during
early morning hours of 9th. The system was located near lat. 9.0
deg.Nllong.78.5 deg. E on 9th morning. Over thé land while maintaining
the same intensity, it moved westwards and lay centred near lat. 9.0
deg.Nllong.77.5 deg.E on the same evening. During its westward journey the
system weakened and emerged as a low pressure area into the southeast
Arabian Sea by the morning of November 10, 1993.

The system reached at its peak intensity in the evening of November
9, 1993 with the maximum sustained surface winds of 25 kt (46 kmph)
and minimum surface pressure of 998 hPa.

Under its influence, widespread northeast monsoon rains with heavy
to very hevy falls occurred in the southern states of the country. Some loss
of human lives was also reported due to landslides in some parts of these




states. Fig. 4 shows the INSAT-2A4 visible cloud imagery of 0300 UTC of
9 November 1993 when the depression was near Tuticorin (43379) over
the land.

2.3.2 Arabian Sea Severe Cycionic Storm with a core of
hurricane wind 12-15 November, 1993 (ARB 9301 1113)

2.3.2.1 The life history of the Cyclone

The remnant of the depression of 08-09 November 1993, moved
west-north-west wards and developed into a depression in the east Arabian
sea near latitude 14.0 deg. N,long 67.5 deg. E by the evening of November
12,1993. Moving initially in a northwesterly direction it intensified into
cyclonic storm centred near lat. 16.0 deg. Nilong. 65.0 deg.E by 13th
morning. Thereafter, the cyclonic storm changed its track from
northwesterly to northerly direction and was centred near lat.17.5
deg.Nllong.64.5 deg.E at 1200 UTC of the same day. The system moved in
the same direction and intensified further into a severe cyclonic storm by
the morning of I4th with its centre near lat.20.0 deg.Nflong.64.5 deg.E.
Moving slowly further northwards, it rapidly intensified into a severe
cyclonic storm with a core of hurricane winds and lay centred near lat.
20.5 deg.Nllong. 64.5 deg.E about 550 km west-south-west of Porbandar
(42830) by the same evening.

The system then moved in a north-north-easterly direction with
relatively higher speed and weakened into a severe cyclonic storm with
its centre located about 300 km west-south-west of Naliya (42631) by the
mid-night of 14-15 November. The severe cyclone weakened further into a
cyclonic storm and recurved tpwards northeast and was located near
lat.23.5 deg.Nllong.67.5 deg.E on 15th morning. Thereafter, the cyclonic
storm remained practically stationary and weakened into a deep-depression
by the same evening. The system further weakened into a well marked low
pressure area over northeast Arabian Sea off Gujarat-Sind coast by the
morning of November 16, 1993. The hurricane attained its peak intensity
of T-4.0 with estimated maximum sustained surface wind of 65 kt (120
kmph) on Dvorak's Scale on the afternoon of 14th. Fig.5 is the visible
INSAT-2A cloud imagery at 0900 UTC of 14 November.
2.3.2.2 Monitoring and Tracking

The cyclone was tracked and monitored mainly through the
INSAT-2A cloud imageries. The system remained beyond the surveillance
range of the Cyclone Detection Radars on the west coast of India till 00
UTC of 15 November, 1993. From this time onwards 3 hourly/hourly
observations from CDR Bhuj (42634), along with the special hourly surface
observations from the coastal stations of Gujarat and ships observations
were available.




From the evening of November 12, 1993 when the system was in
the depressiona stage over the southeast Arabian Sea the tracking of the
system was done mainly with the help of INSAT-2A cloud imageries and
ships observations. The cloud organisation observed through the satellite
imageries and a few ships' observations in the depression field indicated
ongoing slow intensification of the system into a cyclonic storm by the
morning of 13th, thereafter hourly observations from INSAT-2A together
with a few ship observations from the cyclone field were available. The
cyclone changed its track from northwesterly to northerly and intensified
into a severe cyclonic storm by 0300 UTC of 14th. These changes were
clearly monitored by INSAT-24 and supporied by the observations from
two ships, viz., ELIA9 and P3BKS which were located at a distance of
200 km south-south-east and north-north-west of the storm's centre and
each reported winds of the order of 50kt (93 kmph). After the system had
intensified into a severe cyclonic storm with a core of hurricane winds
around 1200 UTC of 14th and recurved from northerly to
north-north-easterly direction, in addition to INSAT observations, special
hourly surface observations from the coastal stations of Gujarat and
Saurashtra in India and a few surface observations from Pakistan and
ship observations from the storm's field were also available. These
observations were found very useful in further tracking of the system over
north Arabian Sea. By 0000 UTC of 15th the system came within the
detection range of COR Bhuj and hourly observations from the same
were available thereafter. The hurricane weakened rapidly into a severe
cyclonic storm by 2100 UTC of 14th and then into a cyclonic storm by
0300 UTC of 15th. From 0300 UTC onwards, INSAT imageries indicated
rapid disorganisation of the cloud pattern. The clouding associated with the
system seemed to be sheared off by the upper tropospheric strong westerlies
prevailing over the region. Mast of the clouding and associated convection
moved inland indicating as if the system had already crossed the coast.
This was a unique situation because neither the available wind
observations nor the surfuce pressure distributions were supporting this
change. At this time the wind observations reported by the ships located
over north Arabian Sea were found to be very useful. These observations
not only helped in keeping the centre of the system over the sea area but
also in maintaining its intensity as a deep depression till the morning of
16th after which the systeth weakened into a well marked low pressure
area off Gujarat-Sind coast over the northeast Arabian Sea.

2.3.2.3. Movement

The hurricane of 12-15 Naovember followed more or less the
climatological parabolic track over the Arabian Sea. The movement of the
cyclone from its formative stage on 12 November till its dissipation over




the northeast Arabian Sea on 16th was apparently influenced by the upper
level winds prevailing over the Arabian sea in association with the upper
tropospheric sub-tropical high pressure cell at 200 hPa.

[nitially the system was located in the southern periphery of the
subtropical high pressure cell with the ridge line running in an east west
direction along lat. 18.0 deg.N over the Arabian sea. The ridge line
continued to remain along the same position till the morning of 13
November 1993 (Fig. 6). The system appeared to have got steered
north-westwards by the southeasterly winds of 35-40 kt (65 kmph-74 kmph)
prevailing over the region.

By the evening of 13 November, the cyclone moved to the western
boundary of the 200 hPa subtropical high pressure cell (Fig. 7) and at the
same time the 200 hPa ridge line had shifted northward to latitude 20.0
deg. N. The cyclone came under the influence of upper tropospheric
southerly winds prevailing over the region and therefore got slowly steered
northwards.

Thereafter, the 200 hPa ridge line shifted southward and lay along
lat 18.0 deg.N over the Arabian sea on 14th morning (Fig. 8). Further
maovement of the cyclone was influenced by the southwesterlies prevailing
over the cyclone centre at 200 hPa. By the evening of 14th the subtropical
ridge at 200 hPa continued to remain at the same latitude (18.0 deg. N).
The cyclone showed relatively fast movement towards northeast (Fig. 9).

2.3.2.4 Meteorological Features (Pressure, Winds, Rainfall, Damages,
Tidal waves/storm surges)

2.3.2.4.1 Pressure

The cyclone attained its peak intiensity of T-4.0 on Dvorak’s scale
in the evening of 14 November when it was located abowt 500 km away
to the southwest of Naliya on the Indian Coast. This peak intensity of the
cyclone corresponds to a pressure drop of 21 hPa as per the empirical
relationship between the satellite classification of the cyclone intensity
(T-number), the maximum sustained surface wind (MSSW) and the
pressure drop (Ap). Taking the ambient swrface pressure as 1008 hPa the
central pressure of the cyclone at the time of its peak intensity on 14th
evening works out to be 987 hPa.

On 15th morning (00UTC),two ships namely ELIAY and P3IBKS
located about 575 ki south-west and 350 km south-south-east of cyclone's
centre reported surface pressure of 1006.8 hPa and 1005.5 hPa. The
central pressure of the cyclone around this time was estimated as 998 hPa.
The sea level analysis of 00 UTC of this date shows highly asymmetric




surface pressure distribution in the cyclone field with isobars oriented in a
north-south direction (Fig.10). The average pressure gradient to the south
of the cyclone’s centre was as weak as 1.5 hPa per 100 Km whereas to
the north, it was of the order of 10 hPa per 100 Km.

2,3.2.4.2 Winds

The estimated maximum sustained surface wind associated with the
cyclone on l4th evening comes out to be 65 kt (120 kmph) corresponding
to its peak intensity of T-4.0. This was supported by the observations of
the ship P3BK5 located at a distance of 200 km to the north-north-west
of the cyclone centre at 0600 UTC of the same day which reported a
surface wind of NEJS0 kt (92 kmph). Another ship ELIA which was
located about 180 km to the south- south-west of cyclone centre reported
SWy25 kt (46 kmph) at 1200 UTC of the 14th.

After the hurricane weakened into a severe cyclonic storm over the
northeast Arabian Sea, the ships with call signs ELIA9 and P3BKS located
respectively at a distance of 575 km to the southwest and 350 km to the
southsoutheast of cyclone centre at 0000 UTC of 15th November reported
winds of 30 kt (56 kmph) from northnortheast and 35 kt (65 kmph) from
south-south-west respectively. All these winds agreed well with the estimated
winds of the cyclone.

2.3.2.4.3 Rainfall

The system caused fairly widespread rains over Saurashtra & Kutch
in India with highest rainfall of 17 cm reported by Bhuj during 0300 UTC
of 15 and 0300 UTC of 16 November.

2.3.2.4.4 Damages

There was no loss of life or damage to property on the Indian
territory as the system had weakened significantly over the sea itself.

2.3.2.45 Tide waves/Storm surges

The system did not generate any surge as it weakened over the sea.

2.3.3 Bay of Bengal Cyclonic Storm with a core of hurricane
winds 1-4 December (BOB 9302 1202)

2.3.3.1 The life history of the cyclone

It developed initially as a tropical depression over the southeast Bay
of Bengal near lat. 8.0 deg.N long. 89.0 deg. E in the evening of 1
December 1993. Moving westwards, it concentrated into a deep-depression




by 2nd morning near lat. 8.0 deg.N long.87.0 deg.E. It then moved in a
westnorthwesterly direction and rapidly intensified into a cyclonic storm by
the same evening with its centre near lat. 9.5 deg.N long. 85.5 deg.E. The
system intensified into a severe cyclonic storm  on 3rd morning when it
was located near lat.9.5 deg.Nllong.83.5 deg.E, about 400 km
cast-south-cast of Nagapattinam (43347) over the southwest Bay and
Jurther into a severe cyclonic storm with a core of hurricane winds by the
same evening when it was centred near lat. 10.0 deg.N long. 82.0 deg.E.
The system maintained the same intensity till it ‘crossed Tamilnadu coast
near Karaikal (43346) between 0400 and 0500 UTC of 4 December. It
weakened into a cyclonic storm over land by the same afternoon and
around 0900 UTC it was located 50 km north of Tiruchirapalli (43344). It
further weakened into a deep depression centred near Salem (43325) by
dth evening and moved in a northwesterly direction tll its dissipation over
south Karnataka by the morning of 5 December 1993. Fig. 11 shows
INSAT-24 (visible) cloud imagery at 0500 UTC of December 4, 1993.

2.3.3.2 Monitoring and Tracking

The hurricane was continuously tracked and monitored with the
help of INSAT-24 cloud imugeries, Cyclone Detection Radurs at Madras
and Karaikal located on the cast coast of India besides the conventional
meteorological observations and the ship observations.

The observations from the ships VWWK and VWTT located at a
distance of 150 Km to the west-north-west and 400Km to the northwest of
the cyclone centre reporting northerly 45 kt (84 kmph) and 25 kt (46
kmph) respectively at 0600 UTC of 3 December were very useful in
assesssing the cyclone’s intensity and position. The Cyclone Detection Radar
(CDR) station, Karaikal reported circular open eye of diameter of 60 Km
in most of their observations on the 3rd. Centres reported by the CDR,
Karaikal were by and large in good agreement with those reported by the
INSAT-2A4. By 1700 UTC of 3 December the severe cyclonic storm was
located at a distance of 230 Km east-south-east of Nagapattinam, It then
came under the surveillance range of CDR, Madras (43279) also. Further
monitoring was done with the help of both the CDRs besides INSAT-2A
and other observational tools.Both the CDRs reported open eve of diameter
ranging between 60-90 Km with good confidence. The width of the eyewall
on the western side was 35-40 km till 0500 UTC of 4th. The eyewall
remained open on the eastern side during the entire life period of the
system.Fig.12 is the radar photograph of the cyclone at 2255 UTC of 3
December, 1993.

2.3.3.3. Movement




Throughout its life period from the depression stage to its
intensification into a hurricane, the system was located in the upper
tropospheric  easterlies prevailing north of its centre. As a result, the
system followed a nearly westward track.

On the evening of 2 December, 1993 the subtropical ridge line at
200 hPa was located along lar. 13.0 deg.N. The centre of the cyclonic
storm around this time was nearly 4 deg. lat. south of this ridge line
(Fig.13). The southeasterly winds at the southwestern end of the subtropical
high pressure cell ar 1200 UTC of 2 December 1993 were of the order of
35 to 40 kt (65 to 74 kmph). By the evening of 3 December, the
ridge-line at 200 hPa moved northward and lay along lat. 15.0 deg.N ,
whereas the cyclonic storm ways located about 5.0 dey. latitude south of it
(Fig. 14). The ridge line at 200 hPa continued to lay along the same
latitude (15.0 deg. N) till 00 UTC of 4 December when the severe cyclonic
storm with a core of hurricane wind was about 10 cross the coast.
Subsequently, the south-casterly winds at 200 hPa changed to
south-south-easterlies. Perhaps,us a result of this the cyclone moved
north-westwards after crossing the coast.

2.3.3.4. Meteorological Fealures (Pressure, Winds, Rainfall, Damages,
Tidal waves/Storm surges)

2.3.3.4.1 Pressure

The cyclone attained its peak intensity of T-5.0 in the forenoon of
4 December at 0400 UTC just before crossing the coast. The estimated
lowest central pressure corresponding to this peak intensity (T 5.0) comes
out to be 968 hPa. At 0300 UTC of the same day the hurricane’s centre
was located 30 km northeast of CDR Karaikal and at that time the
meteorological observatory at Karaikal reported the lowest surface pressure
of 974 hPa with a 24 hour pressure fall of 34.6 hPa which was quite
consistent with the estimated lowest central pressure in the systent.

2.3.3.4.2 Winds

As the system developed into a severe cyclonic storm, a good
number of observations from the ships and coastal stations were available
especially from 3rd evening onwards. The meteorological observations from
Srilanka, east coast of India and the ships VWTT and VWWK reporting
maximum surface winds of 45 ki (84 kmph) and 25 kt (46 kmph)
respectively on the 3rd forenoon agreed well with the estimated maximum
sustained surface winds of 55 kt (102 kmph) in the core of the cyclone
corresponding to its intensity of T-3.5 at that time.

From the evening of 3 December, the wind over the coastal stations
of India progressively strengthened with its veering Jrom northwesterly to
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northeasterly direction especially at Karaikal. The station reported northerly
60-75 kt winds gusting to 95 kt around 0230 UTC and southwesterly 70-90
ke with peak gust reaching upto 107 kt around 0400 UTC of 4th as
recorded by the High Wind Speed Recorder (HWSR) installed at Karaikal
before and after the crossing of storm. There were relatively weak winds
during the passage of the eye of the storm close to the station. Fig.15
shows the hourly variation in the surfuce pressure and winds at Karaikal
before and after the crossing of the cyclone near Karaikal based on
autographic records of the station. As the average radius of the eyewall
reported by the radar was approximately 30 km, it may be reasonable to
assume that eyewall had actually passed over the station. CDR, Karaikal
observations  also confirmed passage of evewall through the station around
the time when peak value of wind was observed. The estimated maximum
sustained surface wind corresponding to the peak intensity of T-5.0 works
out to be around 90kt (167 kmph) which agrees well with the observed
value.

The cyclone provided an excellent testing ground for the newly
installed German made HWSR w Karaikal. Ordinary anemometers could
have hardly survived such a strong wind force associated with the cyclone
of hurricane intenyity. The fuct that the HWSR was able to withstand the
peak gust of 107 kt offers good prospects for recording high wind speeds
associated with severe cyelonic storms forming in the Indian seas. Two
similar recorders have already been installed at Paradip and
Visakhapatnam and another one iy likely to be installed soon at
Machilipatnam on the east coast of India. This would greatly help in
improving high wind speed data base in this region.

2.3.3.4.3 Rainfall

Under the influence of this cyclone, heavy to very heavy rainfall
occurred in Tamilnadu, Pondicherry and Kerala on 3rd, Tamilnadu,
Andhra Pradesh and Karnataka on 4th and Tamilnadu, and Andhra
Pradesh on 5 December, 1993, Fig.16 gives the cumuldtive rainfall
distribution over southern parts of Indian peninsula associated with the
cyclone for the period of 4-6 December, 1993.

2.3.3.4.4 Damages

On account of torrential rains in coastal areas of Tamilnadu,
extensive damuage to property and standing crops and some loss of life
have been reported from these ureas. As per the media reports, the
maximum loss of life was limited to less than 100 in Tamilnadu and
Pondicherry on account of timely und adequate preparedness and
mitigation measures taken by the civil administration authorities on the
basis of advance cyclone warnings issued from the India Meteorological
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Department. However, total loss of property and damage to standing crops
could be around 700 crores. The cyclone affected a total population of
about 4.5 lakh in the coastal areas of Tamilnadu& Pondicherry besides the
evacuation of abour 40,000 people living in the low lving areas to safer
places. Copies of a few newspaper cuttings reporting damage and loss of
lives due to the cyclone are appended in the Annex 1.

For each devastating cyclone, the India Meteorological Department
conducts a post cyclone survey of the cyclone affected areas so as to
assess the severity of the system and also to get first hand information
about the receipt and response of the cyclone warnings issued by the
Department to the public and the State government officials engaged in the
disaster management work. For the present cyclone, IMD survey team led
by a Meteorologist made an extensive survey of the cyclone affected areas
in  Tamilnadu and Pondicherry. As per the survey report, districts of
Nagapattinam, Quaid-E-Milleth, Karaikal administration, some parts of
Thanjavur, South Arcot Vallalar, South Arcot Ramaswamy Padaiyachi,
Salem and Tiruchirapalli were the worst affected districts of Tamilnadu
State. Gale force winds, torrential rains and inundation of sea water
lashed the coastal areas near the landfall point.

The survey also revealed that the cyclone warnings issued by the
IMD were timely and adequate which were widely appreciated both by the
public and state government officials.

2.3.3.4.5 Tidal wave/Storm Surge

As per the report of post evclone survey, the peak storm surge of 3
to 4 metre above astronomical tide level occurred along the coastal stretch
of 50 to 60 km north of the track with sea water inundation reaching
upto 22 km. inland.

2.3.4 Bay of Bengal Deep-Depression 19-20 December 1993

The remnant of yphoon Manny emerged as an upper air cyclonic
circulation over south Andaman Sea on the morning of 16 December. It
became a low pressure area by the mid-day of 18th. The low pressure
area moved westnorthwestwards and concentrated into a depression over
the southwest Bay of Bengal near lat. 8.5 deg N log. 83.5 deg. E about
450 km southeast of Nagapattinam on 19th morning. It then moved
northwestwards and intensified into « deep depression by the same evening
with its centre near lat. 9.5 degN long. 82.0 deg.E i.e. 350 km southeast
of Nagapattinan. The system weakened into a depression by 20th moring
with its centre about 50 km cast of Nagapattinam. The system finally
dissipated over the sea off North Tamilnadu coast by the evening of 20
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December 1993. Fig 17 is INSAT-2A4 cloud imagery (Infrared) at 1200
UTC of 19 Dec.1993.

Under the influence of this system, heavy rainfall occurred at a few
places in Tamilnadu and Pondicherry during the period 19-21 December
1993.

3. Dynamical aspects

3.1 Vertical wind shear

Vertical shear of zonal winds between 200 and 850 hPa over the
North Indian Ocean and adjoining areas were computed in respect of
cyclones and depressions which formed this year. These values were
computed by utilizing the winds at 850 and 200 hPa from the land
stations and 5 deg. lat/long grid point forecast winds available over ocean
areas from the European Centre for Medium Range Weather Forecast

(ECMWF) U.K.

Vertical wind shear values at 12 UTC of 13-15 November for the
Arabian Sea cyclone and at 12 UTC of 2-4 December for the Bay of
Bengal cyclone are analysed and presented in Fig.18 (a) to (c) and
Fig.19(a) to (c). It is evident from these figures that for both the
huwrricanes the vertical wind shear around the centre of the system was
nearly zero on the first day of their development as cyclone.

Vertical wind shear values around the centre of Arabian Sea
cyclone became progressively positive during its movement in a
north-north-casterly direction. On the other hand the vertical wind shear
arround the Bay of Bengul hurricane remained nearly zero throughout its
life period as cyclone.

3.2 Track prediction models

The Analogue model is being run operationally by the RSMC,New
Delhi for cyclonic disturbances of tropical storm intensity and above. Three
simple techniques viz., Climatology, Persistence and CLIPER are run for
all the cyclonic disturbances (Depression onwards).

Table 7 gives the mean forecast ervors from Analogue and CLIPER
models in respect of two  eyclones of 1993, In Table 8, mean forecast
errors  for all the cyclonic disturbances using Climatology, Persistence and
CLIPER models are listed.

It may be seen from these tables that 24 and 36 hour forecast
errors for 12-15 November cyclone were large compared to those for the
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cyclone of 01-04 December, This may be perhaps due to the fact that the
Arabian sea cyclone was of recurving type.

From Table 7 it is evident that the mean 12 hour forecast error for
the two cyclones by Analogue model is quite comparable with that by
CLIPER model whereas for 24 hour and 36 hour forecast periods,
Analogue technique showed better skill compared to CLIPER.

In order to assess the performance of a track prediction model the
world-wide practice is to take the forecast errors from CLIPER as
standard (or neutral) and compare the relative performance of different
models with respect to it. Fig. 20 shows the performance of Analogue,
Climatology and Persistence models relative to CLIPER using figures of
average forecast errors given in Tables 7 & 8. It may be seen that barring
Analogue model both Climatology and Persistence performed poorer than
CLIPER.

3.3 The Limited Area Forecast Model of RSMC,
New Delhi and description of its products

A limited area forecast model adapted from Florida State
University, USA is being run by the RSMC, New Delli on an experimental
basis. Details of the maodel are given in the following paragraphs:

3.3.1 The model
(a) Input data

The grid point fields for running the forecast model are prepared
from the conventional and nonconventional data reccived through GTS.
The input data used for analysis consist of the surface SYNOP/SHIP,
upper air TEMPIPILOT, SATEM, SATOB and AIREP. The pseudo
observations in the cyclone field, generated by a empirical scheme, are
added to the input data file.

(b) Analysis procedure

The objective analysiy is carried out by a three dimensional
multivariate optimum interpolation procedure. The variables analysed are
the geopotential, u and v components of wind and specific humidity.
Temperature field is derived from the geopotential field hydrostatically.
Analysis is carried out on 12 sigma surface 1.0, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4,
0.3, 0.2, 0.1, 0.07, 0.05 in the vertical and on 1 X 1" horizontal lat./long.
grid. The sigma fields are post processed 10 the pressure surface for display
and archival. The first guess fields for carrving out the analysis are
prepared from the 24th forecast produced by a global model run by the
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National Centre for Medium Range Weuther Forecasting (NCMRWE), New
Delhi.

(c) Forecast model

The forecast model is a semi-implicit semi-Lagrangian multilayer
primitive equation model cast in sigma coordinate system and staggered
Arakawa C-grid in the horizontal. The presemt version of the model has a
horizontal resolution of 1°X1" lat./long. (domain 91x51) in the horizontal
and 10 equi-spaced sigma levels (1.0 to 0.1) in the vertical.
Time-dependent boundary conditions obtained from the NCMRWF are
used. The following physical processes are included:

Large scale condensation, shallow moist convection, Deep cumulus
convection, Surfuce fluxes, Vertical diffusion, Short-wave radiation,
Long-wave radiation, surface energy balance and orography.

3.3.2 Procedure for generating synthetic vortex

The approach followed in the present scheme is to generate pseudo
observations from the known empirical structure of tropical cyclones. First,
surface pressure field is constructed at dense enough grid. Surface winds
are obtained from the surface pressure using the gradient wind relationship.
Upper winds are obtained from the surface winds with the aid of
composite vertical wind shear fuctors. Appropriate inflow and outflow
angles are added to the computed winds to ensure proper convergence in
the lower levels and divergence in the upper levels. Humidity field is
prescribed as a near saturation value within the field of the vortex. The
later two steps have been introduced in the improved version of the
scheme to ensure a proper spin up of the vortex during the course of
integration of the forecast model. In the current version of the scheme we
provide only the bogus wind observations and leave it to the initialization
process to generate its own masy field. Brief details of the scheme are
outlined in the following paragraphs. o

3.3.2.1 Surface pressure field
The empirvical model developed by Hollund (1980) is used to

prescribe the swiface pressure ficld in the cyelone. The relationship is given
by:

Pr = Pc + (Pe-Pc) EXP(-ai® )

Where Pr is the surface pressure at radius r, Pe is the
environmental pressure, Pe is the central pressure, and a and b are




15

empirical constants. The constants a and b are related to the radius of
maximum wind (RMW) by the following equation:

RMW = (a)'®

The constants a and b have to be determined empirically and may
differ from region to region. Application of the above model for deriving
the surface pressure distribution is dependent upon the availability of the
following parameters:

i) central pressure
it) radius of maximum wind
iit) value of constant ‘b’

The central pressure is estimated with the help of pressure drop
corresponding to the satellite T-Number classification of the storm and the
pressure value of the outermost closed isobar. The radius of maximum
wind may be estimated from the radius of the eye as available from the
radar report if already in the range of a coastal Cyclone Detection Radar
station or from the satellite imagery if the storm is out in the sea. RMW
of 30 km has been assumed here in all cases. The value of constant b
varies between 1.0 and 2.5 and needs be determined for each cyclone
empirically. In the present case it is taken as 1.5. Pressure data are
generated upto 400 km radius, on a grid of 50 km spacing.

3.3.2.2 Surface winds

After the surface pressure distribution is defined, the surface winds
are derived using the gradiemt wind relation. A correction for storm motion
is applied. In the absence of friction an expression for wind speed V inside
the cyclone field can be obtained in the form:

V = a + (“2 + rip 6[)/6r)l/2
where
2a = fr - Ve Sin #
[ = Coriolis parameter
r = radial distance
Ve = storm speed
8 = azimuthal angle measured clockwise from direction of motion

(taken as 0°.)

The above expression is obtained from the gradient wind equation
expressing balance of forces in the absence of friction (Basu and Ghosh,
1986).

1r. oplor -fV-Vir + V.Ve Sin 6 = 0
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3.3.2.3 Upper winds

The upper winds are derived from the surface winds by assuming
an ad-hoc vertical wind shear which decreases the strength of the vortex
with increasing height. Values of vertical wind shear factors are taken as
proposed by Andersson and Hollingsworth (1988).

Composite vertical wind shear factors

Level Surface 850 700 500 400 300
1.0 0.9 08 07 0.65 0.35

The above factors are based on the rawinsonde composites
constructed by McBride (1986). The composites indicate a wind speed
varying very slowly with height upto 400 hPa with a rapid decrease above.
The factors would vary from case to case and depend upon thermal
stability and stage of development of the system.

An inflow angle is added in the lower levels varying from 30 deg.
at the surface becoming zero at 500 hPa. The computed winds are
reversed at 250 and 200 hPa, same constant factor as at 300 hPa is
applied, and an outflow angle of 20 deg. is added. This procedure is
Jollowed in order to ensure a proper low level convergence and an upper
level divergence in the vontex field as mentioned earlier.

3.3.3 Description of results from RSMC, New Delhi model
for cyclones of 1993

The model was run for the two severe cyclonic storms with a core
of hurricane winds of November and December 1993, The Arabian Sea
cyclone of 12-15 November was a northward moving recurving system
whereas the Bay of Bengal cyclone of 1-4 December moved in a
west-north-westwards direction. Fig. 21 (a) & (b) show the best fit tracks
and the 24 hour predicted positions of storm’s centre at 850 hPa from the
model for the above two cyclones. These figures clearly show that the
maovement of tropical cyclones as predicted by the model was reasonably
good. An important fact that emerges from the predicted track of the
Arabian Sea cyclone is that the forecasts of the changes in direction of
movement from northwesterly to northerly and then northerly to
northeasterly are hrought out well by the model. The performance of the
model in this case (Arabian Sea cyclone) was far superior than the
Analogue, CLIPER or any other dynamical model. The mean 24-hr
forecast error from this model was of the order of 100 km only for the
Arabian Sea cyclone. In the case of the Bay of Bengal cyclone of
December 1993, the performance of the model was comparable with
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Analogue and CLIPER. Nevertheless, the model appears to have a bias
towards slower than actual movements and also a poleward bias in many
cases of forecast.

Fig. 22(a) to (c) and 23(a) 1o (c) are the initial and predicted 850
hPa vorticity fields for the Arabian Sea cyclone of November 1993, It may
be seen that the intensity changes are predicted well by the model
particularly based on the initial conditions at 00 UTC of 13 and 14
November which showed intensification on 14 and weakening on 15
November. 850 and 500 hPa wind field analysis and 24 hour forecast
based on initial condition of 14 November also show weakening of the
wind field on 15th morning [Fig. 24 (a) & (b) and 25 (a) & (b)]. As a
matter of fact the severe cyclonic storm rapidly weakened into a cyclonic
storm by the morning of 15th. Similar conclusion can be drawn from 500
hPa analysis and predicted vorticity fields for the same cyclone (Fig. 26
(a) to (c) and 27 (a) to (c)).

For the Bay of Bengal cyclone of December 1993, the 850 hPa
analysis and 24 hour forecast field of winds are shown in Fig. 28(a) to
(d) and 29(a) to (d). Similarly, initial and predicted fields of vorticity at
850 hPa are depicted in Fig.30(a) 1o (d) and 31(a) to (d). It is evident
from these figures that while the intensification of the system has been
clearly brought out by the model as observed during 1-4 December, the
rate of intensification predicted by the model was slightly higher than the
observed. Moreover, the vorticity fields predicted by the model based on
initial condition of 3rd and 4th were slightly asymmetric compared to the
observed ones. Similar conclusion can be drawn from the 500 hPa analysis
and forecast vorticity fields of the cyclone [Fig32 (a) to (d) and 33(a) to (d)].

4. Salient features of 1993 hurricanes

Both the hurricanes were of moderate size with average diameter of
circulation field of about 1000 km towards the laler parts of their lives.
The rate of increase of intensity (in terms of T number) was more than
normal for both the cyclones as shown in Fig. 34. The intensity rate was,
however, higher in the case of Bay of Bengal cyclone compared to that for
the Arabian Sea cyclone.

An interesting aspect of this year's cyclones was that while the
Arabian Sea hurricane weakened significantly on 15 November morning
and subsequently dissipated over the sea off Indo-Pukistan coast, the Bay
of Bengal cyclone intensified into a hurricane before crossing the coast.
Such kinds of sudden structural changes pose great difficulties to the
cyclone forecaster who is otherwise providing reasonably accurate forecast
and warning against the adverse weather conditions.
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Yet another interesting aspect of the Arabian Sea cyclone was that
subsequent to the weakening of the system into a cyclonic storm on 15th
morning the cloud field associated with the system as observed by
INSAT-2A appeared to have moved inland indicating as if the system has
already crossed the coast. On the other hand, the pressure and wind fields
did not respond to this change.

The characteristics of eye and eyewall reported by the Cyclone
Detection Radar, Karaikal for the cyclone of December 1993 were also
quite interesting. The CDR, Karaikal reporied open eye in the cyclone right
Jrom the time the cyclone came within its detection range till it weakened
over land. For the evclone of hurricane intensity this is somewhat rare if
not unusual. The cyclone gave an excellent opportunity for the recently
installed High Wind Speed Recorder (HWSR) at Karaikal to record
hurricane winds. The recorder has been able 1o withstand the highest peak
of the gust of 107 kt as seen from the wnographic chart attached with the
recroder. Fortunately, other instruments such as barograph, radar system etc
worked well during such an adverse situation.

5. Dissemination of Warnings.

Cyclone warnings were issued and disseminated to the general
public, central and state Government officials and other user organisations
in India through high priority telegrammes, T/P, Telephone, Telex and
Telefax. The electronic and print media were also used extensively for this
purpose. Hourly cyclone warnings were issued to public and State
Governments of Gujarat, Tamilnadu, Andhra Pradesh and the Union
teritory of Pondicherry in connection with the Cyclones of 12 <16
November and 1 - 4 December, 1993. Cyclone warnings in different local
languages were communicated directly 1o the coastal population in
Tamilnadu and Pondicherry through satellite based Disaster Warning
System (DWS) located at different locations on the east toast of India.
Existing network of DWS receivers on the east coast of India is being
expanded to other coastal areas of the counny.

6. Co-operation among Panel Countries

The Regional Specialized Meteorological Centre (RSMC) New Delhi
issues frequent Tropical Cyclone Advisories 1o all the WMOIESCAP Panel
countries in the region during the tropical cyclone periods. Tropical
Weather Outlook for the North Indian Ocean is issued daily at 0600 UTC
as a routine to the member countries of the WMOJESCAP Panel.
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7. Concluding Remarks

In 1993, there were only five cyclonic disturbances over the North
Indian Ocean out of which three formed in the Bay of Bengal and two in
the Arabian Sea. 1993 was a year of less than average cyclone activity
over the region especially during SW- monsoon season in which only one
monsoon depression formed. Nevertheless, the SW monsoon season rains
were normal over the country mainly due to the fact that there were as
many as 14 low pressure arcas formed during this season. Out of the two
cyclonic disturbances originated in the Arabian Sea, during post
monsoon season one attained the imtensity of hurricane. There were three
cyclonic disturbances over the Buay of Bengal this year. While one of them
reached upto hwrricane stage the other two intensified upto deep-depression
stage.

The interesting aspects of this year's disturbances were that two out
of five disturbances (12-15 Nov. and 19-20 Dec.) dissipated over the sea
itself without crossing the coast. On the other hand the cyclone of 1-4
December intensified into a hwrricane before crossing the coast. Similarly,

the depression of 17-19 June intensified after moving over land.
AN
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850 hPa vorticity field analysis for the Arabian Sea cyclone at
00 UTC of 12-14 November, 1993,

850 hPa predicted vorticity ficld for the Arabian Sea cyclone
based on initial field at 00" UTC of 12-14 Nov., 1993,

850 hPa wind field analysis and 24-hr forecast at 00 UTC of
14 Nov., 1993.

SO0 hPa wind field analysis and 24-hr forecast at 00 UTC of
14 Nov., 1993,

300 hPa vorticity ficld analysis ar 00 UTC at 00 UTC of 12-14
Nov., 1993,

500 hPa vorticity forecast field based on initial field of 00 UTC
of 12-14 Nov., 1993.

850 hPa wind field analysis for the Bay of Bengal cyclone at
00 UTC of 1-4 Dec., 1993.

8350 hPa wind field forecast for the Bay of Bengal cyclone
based on initial field at 00 UTC of 1-4 Dec., 1993

850 hPa vorticity field analysis at 00 UTC of 1-4° Dee., 1993,

850 hPa vorticity field forecast based on initial ficld at 00 UTC
of 1-4 Dec.,, 1993.

300 hPa vorticity field analysis ae 00 UTC of 1-4 Dec., 1993.
500 hPa vorticity field forecast based on initial field at 00 UTC

of 1-4 Dec.,, 1993,

Rate of increase of intensity in the two cyclones of 1993.




ANNEXES

Annex.l: Definition of cyclonic disturbances as per the WMO Tropical
C,v(c’:;’oé:lc Operational Plan for the North Indian Ocean
(ree-2i).

Annex.ll: Newspaper cuttings on Karaikal cyclone of December 1993.
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Annex.I

Classification of Cyclonic Disturbances as per WMO Tropical Cyclone
Operational Plan for North Indian Ocean

The definitions of the cyclonic disturbances as given in the WMO Tropical
Cyclone Operational Plan for the North Indian Ocean region (TCP-21) are as
follows:

Weather System Maximum sustained surface wind speed
1. Low Wind speed less than 17 kt (<31 kmph)
2.  Tropical Depression Wind speed between 17 and 33 ki
(between 31 and 61 kmph)
3.  Cyclonic Storm Wind speed between 34 and 47 ki
(between 62 and 88 kmph)
4.  Severe Cyclonic Storm Wind speed between 48 and 63 kt.
(between 89 and 117 kmph)
5. Severe Clydonip Storm with Wind speed 64 kt or more
a core of hurricane winds, (118 kmph or more)

In India, the cyclonic disturbances indicated under S.N.(2) above are
classified into depression and deep depression with wind speed ranging from 17 to
27 kt (31-49 kmph) and 28 to 33 kt (50-61 kmph) respectively.

The terms, tropical storm, tropical cyclone or cyclone are used to indicate
all the three categories of cyclonic disturbances given above under S.N. (3) to (5).
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Cyclone toll rises to 54
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MADRAS - The toll In the
cyclone thet crossed the Karaikal
cossl on Suturdey rose 10 34 by
Sunday night,
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bon sl power Liaks were cul in
Pundicherry,

While the toud blocks In the
districts of Vamil Nudu Iacluding
Tuuvarur, Korsdscheri, Needa-
mangslam were semoved, efforts
were on 1o vlear the trunks of

trees that have Dlocked the (Oads
oa ke MA‘u-mhwd-Nu?on-
pam route. Breaches oocurred at s
coupls of polats near Villupuram,
The esimuiod Joss due 1o rosd
damugoe s Rs 6 crore. A number
of houses and standing crops worg
o dumsged.

A ol o!d W (::d buu%:-
ware reported in the state. The
breuk-up is: Saidaper in Cheagul-
patte- MGR  district 2,  Sowth
Arcol-Cudalore 12, Tiruvanams-
Isi-Samburavayar 3, Puddukota)
I, Nagapatinem-QM 21.

The reparts sald 29 culverts
wete damaged, the break-u
hcln‘t: C’bm‘-brmquOR 2
Sou Arcot 3, Villupurem.
M-umy;odayuu 2, Naguputl-
oam QM 19,

Susface dumnge of roads was
very exiensive with the Bgure
oing up 10 |,460, The break.up iy

?l Unam-QM 297, Thanjavar
210, Tiruchi 195, Pudukotal 141,
Saidapet In Chengalpantu-MOR
145, Chengalpatty 95, South

Arcut 123, Villupurem Rume.
samypadayachl 92, Tiruvanwins-
lal-Samburaveysr 85 and Nonth
Arcot-Ambediar 75, {

Telecommunication  fecility
was restored i monl inis ce.
cepl In Nugepstinam-OM, whare
po:;l wpply was yel 10 be yess
lored.

Revenue  Administration  joint
commissioner M Abdullah She,
who it in charge of the operstions,

ladian Express that but for
the ham network, which hus been
Instalied w1 ihe Collectorutes of
Nugapatlnsm-OM,  Thanjuvur,
Cuddulore wnd the Revenue
Admiaistration  Joint  Commis-
sloner's wlfice (n Mudres, timely
sction could nat huve besn tuken,

CYCLONE WEAKENS: The
cyclone thal crossed the Karaikal
coant on Sswurdey st 11 a.m.
emergod into the Arabian Sew and
weskened into & deep deprosaion
on Saturds evenng, Ares Cyc.
lone Warmnlog direcior $.K.Sub-
amanian oa Sunday,

Karaikal region cut off

__EXPRESS NEWS SERVICK

PONDICHEKRRY = The eyclos
nic storm that crovied the Karalk.
ul coast on Sutundny by wrowght
vrtopmve havow 1w guu’nn{ ad
ooy rondering  neadly 13,000
homeless and subnierging stand.
lng puddy coopy in about 5,000
huctures

Toremiglhas houie whoi iy doe
pression ‘ul the coast off Kuraikal,
an envlave ul the Umon Territory
of Ponduherry in Nugapattinam
d-;mcl. the 1egion remained cut
wll.

Telephoae  communication is
yot 10 be resuied and power
supply was cut olf for the past 24
houry,

Preliminury toports trlekling In
10 the heuthjunrters through
police  wirelems spoke of 1i

waves entering cosaul hamiens
ke Thiruvertskudi, Vanjore snd
Viahiyur on Sarurduy

Nuatly 40,000 people hiving in
fuwlying wreus have been evacu-
ated 10 saler places. The regwan
which was recling under roing for

the pas 1¢n days bore the brunt of.

the cyclonic morm sitack which
a«omm o '&Mm Aownpaue
avasiaied paddy crops in about
5,000 hectares,

With ronds virtually becoming
unmotorable owing 10 ruins, res-
cue and relief operations are slow
In reaching the populace.

Chief Minister V. Vaithlingum,
who hud left for an on the spot
sneniment of the shivatlon wl
sround 8 a.m. on Sunisy, vould
not resch Karaikal, lying sbout
160 km away (rom Pondicherry.

Locul Adiministration Minister
M Chundarakasu 3§ comping i
Kurmihal andd supervisiog the re-
Bel works, Tha  adodoiiation
had wlwe rushed a 1eam of revenue
olticialy to aviess the darnage. Dot
prehiminaty oviessment has It that
the destructlon due 1o cyclone
would have cost the Union Tein-
tory about Ry § to Ra.6 crore ol
prvpsiy “hd b’lwl.

Food packets distribution s
going o the affecied areas and
the people wers also being given
five kg of e and one lure ol
herovene, according to Colleston
R.Narayana,

In the Pondichenry region,
which had expenenced heavy
dawnpour on Saturday, about
1,400 huty were damaged nnd the
adininistranon bs dvinbuting lood
puchets in the cossal sreas,
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MASILAMANI TEMPLE IN TAMILNADU (INDIA) SEVERELY DAMAGED BY THE
BAY OF BENGAL CYCLONE OF 2-4 DECEMBER, 1993.




