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Tropical cyclones in a warmer world

About 80 tropical cyclones (with wind
speeds equal to or greater than 35 knots)
form in the world’s waters every year'.
Of these about 6.5% develop in the Bay
of Bengal and Arabian Sea’. Since the
frequency of cyclones in the Bay of Bengal
is about 5 to 6 times the frequency of
those in the Arabian Sea, the Bay of
Bengal’s share comes out to be about
5.5%. The tropical cyclones forming in
the Bay of Bengal hit the coast of India
(particularly the states of Andhra Pra-
desh, Orissa and West Bengal) every
year, causing heavy loss of life and
property.

Two tropical cyclones crossed Orissa
in the month of October 1999 (17 and 29
October). The tropical cyclone of 29 Octo-
ber (Friday) hit the coast of Orissa with
wind speed of 135 knots (about 260 kmph)
and heavy rains causing severe floods.
Surges with more than 8 m height were
associated with this cyclone. The cyclone
was more or less stationary (with slight
southward drift) over the region after
making landfall and this led to des-
truction of the existing infrastructure.
More than 10,000 human lives were lost
and over a million were rendered home-
less by this ‘super cyclone’.

Some of the pronounced year-to-year
variabilities in climate features and the
extreme weather events (such as cyc-
lones) in many parts of Asia have been
linked to El Nifio — Southern Oscillation
(ENSO). The analysis of data generated
in new coupled atmosphere—ocean global
climate model (A—O GCM) experiments
indicates that as global temperature
increases, the Pacific climate will tend to
resemble an El Nifio-like state’. Collins’
finds an increased frequency of ENSO
events and a shift in their seasonal cycle
in a warmer atmosphere, so that the
maximum occurs between August and
October rather than around January, as
currently observed. Meehl and Washing-
ton® indicate that future seasonal precipi-
tation extremes associated with a given
ENSO event are likely to be more intense
in tropical Indian Ocean region; anoma-
lously wet areas could become wetter and
anomalously dry areas become drier during
future ENSO events. Changes in fre-
quency and intensity of tropical cyclones
could also result from changes in sea
surface temperature (SST) linked to char-

acteristics of ENSO events. During ENSO,
a cyclone in tropical oceans has more
than 40% chance of being a severe one®.

The role of SST in the genesis and
intensification of tropical cyclones has
been well demonstrated, for example,
by Gray’, Emanuel'® and Saunders and
Harris''. One of the necessary (but not
sufficient) conditions for tropical cyclone
formation in the north Indian Ocean is
that the sea surface should have a mini-
mum temperature of about 28°C. Ana-
lysis of SST in the Bay of Bengal during
the period 1951-1999 suggests that the
SSTs have been increasing here since
1951.

Recent observations suggest that there
is no appreciable long-term variation in
the total number of tropical cyclones
observed in the north Indian, south-west
Indian and south-west Pacific oceans east
of 160°E (refs 2, 12). For the north-west
subtropical Pacific basin, Chan and Shi'?
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found that the frequency of typhoons and
the total number of tropical storms and
typhoons have been more variable since
about 1980. Observational records suggest
that, while there has been a rising trend
in all-India mean surface air temperature,
the number of monsoon depressions and
tropical cyclones forming over the Bay of
Bengal and Arabian Sea exhibits declin-
ing trend since 1970 (Figure 1). There
have been a number of studies that have
considered likely changes in tropical
cyclones in a warmer atmosphere'!".
Some recent global climate model experi-
ments suggest a future decline in tropical
cyclone frequency'®'®. Jones et al.'® per-
formed an analysis of tropical cyclones
from a 140-year simulation with regional
climate model (RCM) nested in A-O
GCM. This analysis indicated that there
was a small decrease in tropical cyclone
formation, although this result is con-
sidered preliminary. The pattern of cyclones
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Figure 1.
depressions and cyclones in Indian seas.
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Trends in all-India mean surface temperature anomaly and number of monsoon
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during phases of ENSO was unchanged,
suggesting that the current relationship
between cyclone distribution and ENSO
may continue. This study, however, re-
confirmed an increase in cyclone inten-
sity (10-20%) with CO,-induced warming
as estimated by Tonkin et al.'® and Hol-
land™® as being likely.

Although no consensus has emerged as
yet on the behaviour of tropical cyclones
in a warmer world based on modelling
studies, it is almost certain that an
increase in SST will be accompanied by a
corresponding increase in cyclone inten-
sity (wind speed). The relationship between
cyclone intensity (maximum sustained
wind speed) and SST is well discussed in
literature®'*2. A possible increase in cyc-
lone intensity of 10-20% for a rise in
SST of 2 to 4°C relative to the threshold
temperature of 28°C is very likely. Thus,
while it is not yet certain that tropical
cyclone frequency may change, the avai-
lable data strongly suggest that an increase
in its intensity is most probable.

Storm surges are generated by the winds
and the atmospheric pressure changes
associated with cyclones. At low latitude
land-locked locations such as the Bay of
Bengal, the tropical cyclones are the
major cause of storm surges. Any increase
in SST is likely to cause greater con-
vective activity, leading to an increase in
wind speed. The stress exerted by wind
on water underneath is proportional to
the square of the wind velocity. Ampli-
fication in storm surge heights should
result from the occurrence of stronger
winds and low pressures associated with
tropical storms. Thus, an increase in SST
due to climate change should lead to
higher storm surges and an enhanced risk
of coastal disasters along the east coast of
India.

Cyclones have the best predictability
among all the disaster phenomena. They
can be detected as soon as they form over

oceans and can be kept under continuous
watch through meteorological satellites
and radars. The magnitude of the accom-
panying hazard of storm surge is also
predictable through techniques which
take into account the parameters of the
approaching cyclone as well as the phy-
sical and oceanographic characteristics of
the coast in the area of anticipated land-
fall. The existing forecasting and warning
system will have to be made more eff-
ective to cope with the potential threat
from intense cyclones. Apart from large-
scale expansion of the disaster warning
service (DWS) by installing more DWS
receiving stations across the Indian coast-
line, a system of aircraft reconnaissance
flights will be very helpful. Such a cyclone-
probing aircraft flight facility will be able
to give the most reliable data on the exact
location of the eye (centre) of the cyc-
lone, the central pressure and the wind
field in the cyclone. These precise measure-
ments will also enable better modelling
of cyclone dynamics and thereby more
accurate regular (hours to day) forecast
of cyclone track.
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Microbial fouling of an anion exchange resin

Water used in power plants and other
industries needs moderate to severe treat-
ment, depending on its quality'. Generally,
three basic ion-exchange techniques are
employed for the high water purity deman-
ded by most industries. Firstly water
softening, i.e. the removal of hardness
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(calcium and magnesium). Secondly, de-
alkalization, i.e. removal of alkalinity
(bicarbonates and carbonates) together
with hardness. Thirdly deionization or
demineralization, i.e. removal of cations
and anions from the raw water'?. Depen-
ding on the water quality, ion exchange

resins may get fouled in different ways,
resulting in loss of resin efficiency to
deliver pure water. Resin fouling com-
prises adsorption of foreign matter, result-
ing in impairment of resin performance.
Common forms include corrosion pro-
ducts, organic acids, bacteria, iron, turbi-
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