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~ ABSTRACT. From examination of a number of tropical cyclones in the vicinity.of Miami, Sen and
Hiser (1957) found that thceloud spirals ‘of tropical ¢ D V ral, ]
We have also found the same characteristic to be valid in case of tropical cyclones of Indian seas.

cyclones, in general, fit with equiangular spirals. s

Moreover, the average trajectories and streamlines drawn by various workers have also been found to ~ °

closely approximate with equiangular spirals.

In this paper, the general axially symmetric

wind field with streamlines as equiangular si’nimié has

~ been obtained and it has been shown that the ratio of
" the angle of spirals in such cases. Using this result,

latent heat within a tropical cyclone is proportion

divergence to vorticity equals to the ¢otangent of
it has been shown that the rate of generation -of

al to the cotangent of the angle of spirals, and -certain -

well known satellite and radar characteristics have been established.

1. Introduction

© Analyses of cyclonic storms over tropical
oceans suffer from lack of availability of data.
An analysis over Indian seas is extremely difficult
and subjective because of scanty or complete ab-
sence of observations from the Arabian Sea and
Bay of Bengal. As the satellite and radar cloud
imageries represent, to some extent, the tangible
manifestations of many of the dynamical and
physical processes taking place within a tropical
cyclone, the pictures have become a potential
tool for analysis. ‘

" The satellite and radar imagarie‘s have been

widely used for estimating location and intensity
of tropical cyclones. Sikka (1971) studied the lo-
cation and intensity of tropical cyclones obtained

from satellite pictures and found that the location
and intensity determined from satellite picture
agrees well with those derived from conventional
synoptic analysis. From examination of a number
of hurricanes in the vicinity of Miami, Sen and
Hiser verified that the characteristic bands of
precipitation are, in general, equiangular spiral in.
shape. They found that 300-400 miles ahead of
the system of spiral bands, there usually exist
narrow well defined lines of echoes which move
in the direction of the hurricane. Based on their
work, the method of determination of location
of the cyclonic storm centres by fitting equiangul-
ar spirals to the spiral bands of the radar imageries
of tropical cyclones have widely beenvu'sed. The

accuracy of this method is also comparable to
that of conventional synoptic analysis. j
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Various empirical studies have been made to
obtain estimates of intensity, maximum wind etc
and to evaluate their forecasts on the basis of
satellite pictures. Fett (1966) and Fritz et al.
(1966) categorized the tropical cyclones accord-
ing to the degree of organisation of cloud systems
and their horizontal extent. The maximum wind
speed was estimated by fitting regression against
the diameter of the cloud mass. Dvorak ( 1973,
1975) approached the problem in a more syste-
matic manner and categorised various tropical
disturbances potentially capable of intensifying
into a hurricane stage on the basis of two-way
classification based on two characteristics what
he described as central features and outer band-
ing features. The. estimates of current intensity
and future developments were again obtained
(by drawing) out statistical correlations.

The main difficulty encountered in the em-
pirical studies is that these do not provide any
information on the dynamical parameters of the
wind field, Moreover, the maximum wind etc
obtained from these studies are true for ‘average
storms’ of a particular locality and differ signi-
ficantly from observations in individual cases.
Smith ( 1972) derived estimates of divergence,
vorticity and radial and tangential winds based
on determination of the wind field from calcula-
tions of cloud motions at different cloud levels,
No direct method exists for estimating fhese
parameters from the cloud pictures.

2. Basic assumptions

In this paper an attempt has been made to
establish the basic observed characteristics of
cloud spiral, No effort has been made to evaluate
the deterministic potential and practical appli-
cability of the model. We have assumed a
simplified model based on following assumptions:

(a) The cyclone is axially symmetric and
stationary.

(b) The treamlines are equiangular spirals,
The first of these assumptions needs no special

consideration as it wag made for simplifying the
mathematical formulations, though some obger-

vations have indicated marked asymmetry in
tropical storms.

The cloud imageries do not exhibit spirals in-
side the Radius of Maximum Winds (RMW)
and it is not possible to obtain the streamline
patterns from cloud pictures. As the RMW range
from 20 to 75 km, not much of attention need
be devoted to the streamline pattern inside
RMW for synoptic purposes. Outside the radius
of maximum wind, clouds are  well arranged
along streamlines. We have verified with the help
of radar and satellite pictures of following
cyclones that the cloud spirals fit with equiangu-
lar spirals: (/) Coxbazar cyclone (3 May 1971),
(i)) Arabian Sea cyclone (Nov 1971), (iiD)
Bangladesh cyclone (1972), (iv) Kakinada
cyclone (1969) and Bay cyclone (1974). More-
over, with the help of average trajectory drawn
by Hughes (1952), we found that the trajectory
is equiangular spirals with angle cot—! (0.05).
The departure from the equiangular spirals may
be attributed to the errors of averaging different
storms with different intensity, subjective analy-

sis and the inherent asymmetry of the tropical
storms,

3. Divergence and vorticity

Under the assumption of axial symmetry, the
horizontal wind vector may be represented as
vector function of radjus » and vertical coordi-
nate z only,

V=V(,2) (1)

Therefore, resolving the vector V(r,z) along
and perpendicular (o r

LA PICP R =

where X and . are scalar functions of r and z,
and k is unit vertjcal vector. The corresponding
equation for the eastward and northward compo-
nents of velocity are :

+i(?~”—‘;,(~’f—’i?+w)] 3)
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 where u, v are the eastward and northward velocity

components, i, j are unit vectors in the eastward

and northward directions and X, y are the coordi-

nates*measuredf alon,g\flatitudeand longitude cir-
cles. ‘The differential equation for the family of
steamlines of this wind field is, therefore,

dy_ v _gpr g gy
de u p(r; 2) — YA (r, 2)

Comparing ~ this with ~ the
equation of the family of equiangular spirals
r=const. exp (—ab),

dy ay—7%
We find plr,z) = — alr,2) (6)

Therefore, we can rewrite Bqn. (2) as

‘V(r,z) =)\(f(,z) [k‘x (—;») —a (—;)] (7

V,lr,2)=—0a Ve (r,2) ; (8)
where ¥, and Vg denote the radial anditangential

~ components of V(7 Z). Substituting this in the

expression for divergence and vorticity in cylin-
drical coordinates :

o 13rV,__ @ erg
D= vy = T r
. = —al(?) (9)

where £(r, z) is the vorticity and D(r, z) the

~ divergence. This equation shows that the diver-
gence and vorticity are proportional to each other.

"The observations indicate that the cloud spi-

* yals tend to be more and more circular with the

growth of the cyclone. Therefore, the value of
the constant a decreases with the growth of the
storm. Eqns. (8) and (9) thus embody the well-
known fact that the divergence and radial velo-
city decrease with the growth of the storm,
4. Latent heat considerations

| To understand the physical significance of the
parameter a of organisation of cloud spirals
with reference to growth of the storm, we con-
sider heating by cumulus convection inside the

~storm. Following Charney and Eliassen (1964)

we shall pafameterize the turbulent transport

~ process of the cumulys convection field by

differential

means of a single parameter m expressing the

~ mean degree saturation of air in the region of

active convection. /

i) =m0 0O

where g and g, are the mean specific ‘h‘iﬁﬁdity“ -

and saturation specific humidity respectively.

Then the rate of convergence of moisture within

a vertical column extending through the atmos-

phere based on a unit horizontal cross-section may
be written as (Charney & Eliassen 1964) : '

o . B
0 . :
‘ an
where 7 isthe mean density of air, 7 is the average
value of m, »and ip are the mean radial and verti-
cal velocities, and the subscript «0” denotes a
value at z = 0, the top of the friction layer. In-
tegrating the equation of continuity for [air in
steady state : ‘ :
2ee +:25 7 a0 12)
We may write the second term of (11)as :

(5w 5 = o | 7 — (07 @
i |7 5 BT

Substituting (13) into (11) we have :

-]

Bopsa s
r- [ [(#52), mpl | 17l 04
0 g

Integrating this equation over the radius of satellite
clouding R and changing the order of integration
and using (8) we have the total release of latent
heat as: ~ ‘ :

R eo‘ :
H ='[L12m~dr — 2 aRL J'E[(Jﬁ’;?.‘)r
0 ' 0

P m_ﬁ@;i;] Vo (Re)de  (15)
r=R .

where, L is the latent heat of evaporation.

Eqn. (15) shows that the rate of generation of
latent heat within the storm is proportional tothe
constant of the spiral a. Therefore, in mature stage,
where H is very small, @ approaches zero ati;d the
spiral tend to be cireular, o
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