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Abstract

Tropical cyclones are gradually becoming an increasing menace to the
coastal human civilization throughout the World. This is due to their increased
frequency and intensity of occurrence nowadays. With the global increase of sea
surface temperature a marked increase in the percentage of their formation from
depression happening especially in the tropical oceans of the World. The Coromandel
Coast of India is not an exception to these. To mitigate their devastation effect on
mankind we need to study the details of their dynamics governing equations and
hence develop suitable solutions. In this paper the numerical value of a stability
parameter, viz. CSP is determined employing the RSRW data of one tropical cyclone
that has hit the Coromandel Coast of India in 2010. CSP is a dimensionless
parameter that we obtained from the analytic solution of cyclone dynamics governing
equations.

Keywords: CSP, Radial velocity, Cross-radial velocity, RSRW, Cyclone eye,
Tropical cyclone.

I. Introduction

The word ‘cyclone' in ‘tropical cyclone' is described as a bulk scale
atmospheric wind and pressure system signified by low pressure at its centre and
followed by subsequent circular wind motion. The direction of the wind motion is
counterclockwise in the northern hemisphere and clockwise in the southern
hemisphere. The word 'tropical' in tropical cyclones relates to its development and
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genesis in tropical oceans. Tropical cyclones forms over tropical oceans of location
between 5° and 22° latitude with warm sea waters of sea surface temperatures(>
26.5°C), low vertical shear and sufficient thorough moisture instability. Tropical
cyclones completely devastate the coastal communities of the world in terms of
threatening millions of lives, causing damage to properties and infrastructure worth
billions of dollars. Climate change which occurred globally specially in recent times
has greatly changed the behaviour of devastations related to natural hazards (Kohle et
al. 2016). Around 66 % of the world population lives within a few kilometres of the
1.16 million Km long extended global coastline. The lives and properties of such a
huge population are greatly impacted by different natural phenomena such as waves,
winds, tides, rainfall etc. which reaches extraordinary magnitudes during the
occurrence of severe events like tropical cyclones and Tsunamis (Rezapour 2015).
The necessary critical factors behind the formation of tropical cyclones (Ghosh and
Chakravarty 2018) are as follows:-

i) The sea surface temperature should be 26.5°C (80° F) or warmer. This warm
water depth must be at least 50 m from the ocean surface.

ii) Location of a pre-existing atmospheric perturbation and circulation near the
surface of the warm water layer is favourable for the generation of a tropical
cyclone.

iii) The decrease of atmospheric temperature concerning the geopotential must
be strong enough to support the formation of deep convective clouds.

iv) A sufficient humid and moisture containing middle atmosphere (at a height of
around 5000 m from the earth's surface) helps in the increase of potential energy
of the tropical cyclone.

V) The cyclone genesis site location should be at least 500 Km (300 miles) away
from the equator.

vi) Existence of a low vertical shear environment from the sea surface up to the
extent of the boundary level of the troposphere for the easy transport of sea
surface moisture is also necessary for the generation of tropical cyclones.

A power dissipation index that signifies the intensity of tropical cyclones was
developed by Emanuel (2005). This index shows a marked increase in recent years.
This index increases with the increase of global mean sea surface temperature. Again,
due to global warming and global climate change, the sea surface temperature is
increasing day by day and serving as an important factor behind tropical cyclone
development. Goff et al. (2016) studied the terrestrial and marine deposits of the
Cook Islands of Lake Tiriara to distinguish the deposit patterns from Tsunamis and
cyclones that have struck that place in the recent past. In this way, we can distinguish
their dynamics. In a similar fashion Nott (2003) studied the dynamical behaviour of
prehistoric cyclones. A detailed functional comparison of Weather Research and
Forecasting (WRF) and Coupled Ocean-Atmosphere Wave Sediment Transport
(COWAST) models regarding cyclone forecasting analysis was done by Baisya et al.
(2020). Speaking of cyclone forecasting climate models, the work of Tapiador (2008)
regarding the identification of hurricanes under the low-resolution Global Climate
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Model (GCM) deserves a special mention in this regard. Perfect track and intensity
prediction of tropical cyclones is indeed a challenging task for atmospheric
researchers nowadays. In this paper, a humble attempt has been made towards such
an important matter by analysing the RSRW (Radio Sonde Radio Wind) data for one
tropical cyclone that has hit the Coromandel Coast of India in 2010. A detailed idea
regarding RSRW data interpretation can be obtained from the work of Posada et al.
(2012). Alongside cyclone track prediction the intensity prediction of formed
depressions tending to develop as a tropical cyclone is also a challenging task
nowadays for meteorologists all over the world. Lala et al. (2014) gave an
explanation of the reasoning behind the lower frequency of occurrence of cyclones in
undulating landforms rather than plain landforms.

I1. Anatomy of a tropical cyclone

By extensive literature survey, a basic outline of the internal structure of a
tropical cyclone can be obtained. Ritchi and Vigh (2010) did important work
regarding the inner core dynamics of tropical cyclones. The relationship between
tropical cyclone structure and its consequent thunderstorm activity has been derived
by Shevtsov et al. (2015). The work on intensification and contraction of cyclone
eyewall and their mutual relationship was studied by Stern et al. (2015).

In general tropical cyclones are analogically comparable to a rotating, hollow,
compact and circular cylinder materialistic in the form of a storm and in general
around 318 Km (200 miles) in diameter consisting of a wind swirl in the form of a
gigantic fluid parcel around a core region of low atmospheric pressure. The inner core
low pressure of a tropical cyclone structure and earth's rotation jointly generates a
strong Coriolis force that draws the wind inwards towards the core (anticlockwise or
cyclonic in the northern hemisphere) and outwards away from the core (clockwise or
anticyclonic in the southern hemisphere). The total wind field consisting of wind flux
(Ghosh and Chakravarty 2018) may be divided into four regions: -

I1.i. The eye

Considering the rotating dynamical analogue as the basic cyclone structure, the most
innermost core portion is the cyclone eye. The cyclone eye has a comparatively calm
and humid atmosphere in comparison to the other parts of a cyclone. The total radial
extent of the eye roughly varies from 30- 65 Km from the cyclone axis. Due to the
calm atmosphere of cyclone eye low vertical shear environment prevails there.
Consequently, warm ocean moisture gets raised to great heights from the ocean
surface without much disturbance, in the eye region of the cyclone. In high altitudes
during condensation, these moistures release latent heat and this acts as a fuelling
factor behind the generation of potential energy responsible for causing the violent
destruction.

I1.ii. The eyewall

The most violent and destructive portion of the cyclone is cyclone eyewall. The wind
speed is maximum in the eyewall and it reaches around a maximum of 225 Km/h for
super cyclonic storm. Heavy rainfall associating with strong winds makes cyclone
eyewall the most lethal portion of the storm.
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I1.iii. The wall cloud region

The region of tropical cyclone that comes after cyclone eyewall is the wall cloud
region and it extends upto the spiral rain bands. This region is also characterised by
strong winds associated with heavy rainfall. The radial extent of the wall cloud region
is around 8 Km.

I1. iv. Rain bands

The outermost portion of the cyclone eye is characterised by strong rainfall but
comparatively calm wind, is the rain bands.

A detailed anatomical picture of a tropical cyclone is given by Zhender (2019).
I11. Cyclone Stability Parameter (CSP)

. V. .
In our previous work, we have shown CSP = Sisa crucial parameter for

determining the stability of a cyclone (Ghosh and Chakravarty 2018).Where V and U
are respectively the cross-radial and radial velocity of a concerned fluid parcel within
the cyclonic system at a certain instant of time. In this work, the RSRW data of one
tropical cyclone that has hit the Coromandel Coast of India on 2010 is analysed and
the respective CSP has been calculated starting from the day of genesis to the day of
termination of the cyclone (as per availability of data). In this analysis, we choose two
RSRW coastal stations in such a way that the lines joining from the respective
stations to the eye of the cyclone are nearly orthogonal to each other. The CSP has
been calculated at different geopotential heights for the respective RSRW coastal
stations.

We study the following cyclone,
I11.i. Cyclone Laila analysis

Cyclone Laila was the first cyclonic storm to affect South-East India since the 1990
Andhra Pradesh super cyclone. On 18"May 2010 its first birth took place in the form
of depression over the Bay of Bengal Ocean bed. Liala got intensified further as it
moved north-westward and developed as a severe cyclonic storm on the following
day. On 20" May 2010, Laila made landfall over Andhra Pradesh and weakened on
the very next day as simple rainfall causing depression. Taking the RSRW data of
Chennai and Bhubaneswar for the boundary layer we calculated CSP for Laila from
18t to 21st May 2010 respectively (Tables 1 to 4 which are self-explanatory). We
also plot the U — V graph with CSP (Figs. 1 to 4 ). We observe from the tables and
graphs that the cyclonic system tends to drift towards Chennai as the CSP value is
greater than unity.

IVV. Result and Discussions

In this study, we have used the velocity data which were obtained from
RSRW observations of 2 different India Meteorological Department (IMD)
observatories (viz. Chennai and Bhubaneswar). For the study, we have chosen
cyclone Laila. As we do not have any data within a cyclonic system, to validate our
previous analytic work (Ghosh and Chakravarty 2018) we calculate CSP values of
cyclone Laila at different geopotential heights, which have been shown in tables 1 to
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4. Also, the graphs are drawn in figs. 1 to 4. If we critically study the tables and
graphs of Laila, we observe that in most of the cases CSP values are greater than
unity, which resembles the result (Ghosh and Chakravarty 2018).

V. Conclusions

This paper validates the analytical work of CSP analysis (Ghosh and
Chakravarty 2018). The CSP value obtained is greater than unity signifying cyclone
Laila to be a stable circulation.CSP value greater than unity also implies cross-radial
velocity i.e. V is greater than radial velocity i.e. U and subsequently the cyclonic
system will be drifted towards the station for which we consider the cross-radial
velocity i.e. V and in reality, that has happened.
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Fig. 1. CSP graph for cyclone Laila on 18t May, 2010
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Fig. 2. CSP graph for cyclone Laila on 19t May, 2010
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Fig. 3. CSP graph for cyclone Laila on 20t May, 2010

Indrajit Ghosh et al

46



J. Mech. Cont. & Math. Sci., Vol.-17, No.-2, February (2022) pp 41-51

CSP graph for Cyclone Lalla
T T
12 B
cep
1w .\ 1
£ e
M= -
® L 15 2
z
=
= %
8 7 — 42 -
- —
2 e SRS - - N
! L e |
3 R
e S ol e
= i
o e
il y e 3 ]
1 1 1
n 3 ] 0 12 1 0
Vin mis

Fig. 4. CSP graph for cyclone Laila on 215t May, 2010

Table 1 : CSP analysis for cyclone Laila on 18™ May, 2010
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Table 2: CSP analysis for cyclone Laila on 19" May 2010
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Table 3: CSP analysis for cyclone Laila on 20™ May, 2010 (date of landfall)
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Table 4 CSP analysis for cyclone Laila on 215t May, 2010
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