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Some effects of asymmetry of pressure
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ABSTRACT. When the isobars in a cyclone field are concentric circ i ici

ob\-ippsly circular. An asymmetry in the pressure profile can be juslrigag{;g?[;éf;t:‘:l Ilsgg::!:: s?r{ :Srrlrllsn“ylnr? alzo
vorticity prefile alsa. This aspect has been studied by making use of a general pressure model. It has b!::cn %ry 2 that
the asymmelry of vorticity p1 ofile of a cyclonic storm in its outer ragion is far less than lhzlt of li\c O - own(t!!_'lat
pressure profile. There upon it has been concluded that a cyclonic storm with markedly asymmetric i brraspon ot
manifest the same degree of asymmetry initsrainfall distribution and inradarisatellite imugcrim RISt

1. Introduction

For a stationary cyclone with concentric circulan
isobars, the pressurc profile in the cyclone field can be

expressed as :
r
- ' =
* ( R ) ()

P,— P,

Py—P,
where, P,, P, and Py are respectively the central,
radial and peripheral pressures. 7 the radial distance and
R the radius of maximum cyclostrophic wind (RMW).
A number of forms of ¥ (r/R) could be found in the
literature. Bretschneider (1982) has suggested a general
form of the pressure profile as :

p (;) f— I+a(i)2 (2)

Here a=1/b. If a=2, h=—1/2 it leads to Fujita model
and ifa=b=1, tothe Bret-X model (loc. cit).

The suitability of a theoretical model for a given
cyclone can be determined by comparing the theoretically
obtained pressure values with the observed values at
various time intervals. If the correlation between the
two is consistently high, then the model could be con-
sidered adequate.

.When the isobars in a cyclone field are concentric
circular. the isotachs and isopleths of relative vorticity
are also obviously circular. An asymmetry in the pressure
ﬁeld can bc_justiflably expected to induce an asymrﬁétry
in the vorticity field also. The object of this note is to
make use of the above model to study the effect of any
asymmetry in the pressure profile (in the cyclone field)
in the profile of relative vorticity. We first discuss the
adequacy of this model in generating the observed pat-
tern of relative vorticity in a cyclone field.

2. Distribution of relative vorticity as
cyclone model y associated with the genera]

We assume that the cyclone is stationary and the
forces acting on an air parcel are the pressure gradient
gonohs‘and the centrifugal foices only and that these aré
in gradient balance. Firstly, we assume that the isobars
are concentric circular, We denote Py — P, by Ap which
is the pressure defect of the storm and Py — P,, the
pressuie drop al radial distance r by g(r). ; Thus’i'rom
Eqns. (1) and (2) we have :

g(r) = LY B 3)

(33)
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Fig, 1. Shape of isopleths of vorticity in the outer region of
cyclonic storm with asymmeatric isobars

Once b is fixed, R completely determines the rate of where, g (r) = Py — P,, P, being the radial pressure.
decrease of g (r) from the centre, the larger the R the Itcan be easily verified from Eqn. (5) that :
smaller the rate of decrease. The value of R varies from

cyclone to cyclone with an approximate range of 20- Py 3 eg o %
60 km. £ (r) f ‘ p o or p ar: (6)
¢(r)=—f-4 — e )
_Let P be the pressure, ¥ the wind speed, { the vorti- ( fae 4r  og )l
city and R, the radius of curvature of streamlines and / ' poor
the coriolis parameter. We have from Holton (1972)
and Hess (1959); Now, in the outer region where r = 3R we have
s 1 P approximately from Eqn. (3)
+fV=——
R, P on -
T = o v 4+ ¥ () gr)= Apbt (_r— ) (7
on R; '
As the isobars are circular and the streamlines are Differentiating Eqn. (7) twice and substituting in
. g e Egn, / t
counter clockwise circuited, — 3%_ —aaF and R, =Cr, g0 E)wn & )
4 | R
Thus Eqn. (4) becomes : A » L pb(1—b) PR
V2 1 3P 1 3 Lin)eseif-f — V o N
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It is obvious from the above expression] that il b .
1, L(r) < O for all values of r. Accnrdiﬁg to Gray
(1981), the relative vorticity in a cyclone field is
negative generally beyond 4-5° from the centre. Thus
values of b>:1, do not give realistic profiles of vorticity.
The Bret-X model for which b=1, comes under this
category. For the Fujita model, for which b — 1,
Eqn. (8) reduces to : '

r2,. 2P R
=
t () =—/- = JOF TS S O
( /212 /5 P )
V2o

It can be shown from Eqn. (9) that the region of

positive { extends up to a distance of 6R to 7R from
the centre. The Fujita model thus generates the
observed relative vorticity profile of a cyclone. We will,
therefore, use the Fujita model and the vorticity profile
based thercon in the ensuing analysis.

3. Cyclone with asymmetric isohars

The pressure profile given by Eqns. (1) and (2) are
meant on'ly for cyclones with concentric isobars. Cyc-
lones with asymmetric isobars are not uncommon.
Such a feature can be easily incorporated in Eqn. (2)
by taking R the RMW as a variable which varies with @
[i.e., R = R (8)] where 0 is the polar angle of a point
in the cyclone field with the centre of the cyclone as
the initial point.

We have from Eqn. (3) with » =1/2
e (10)
V1R 2[(r/R ()2

It is evident from Eqgn. (10) that the lines of constant
g and so the isobars are given by the equation

r=AR(6) ()

g(r, 0) =

where, A is a positive scalar. We may define a co-
efficient of asymmetry C for a closed curve given by
Eqn. (11) with the initial point as a central point as :
Max r )
Cy =100 ( —— -1 12)
! . Min r {
4. Vorticity profile in the outer region of a cyclone with asymmetric
isobars

Taking RMW as a function of angle @, we have the
relation Eqn. (9) redefined as :

g _ar KO
L . S -
Jf-: b 3 AP R (8)
§ 24/ 2 . -

From Eqn. (13) it is evident that isopleths of £ in the
outer region of the cyclone are given by the equation
rA=p2 R0, ie.,

r=plR @) (14)

where, o is a positive scalar. For the family of closed
curves defined by Eqn. (14)the coefficient of asymmetry
may be defined as :

]
c_— 100 (“—"“”)" - (15)

L . Min r

To illustrate the degree of asymmetry of isobars
vis-a-vis the isopleths of vorticity, we compute the
coefficient of asymmetry C,in Egn. (12) and Cijn
Eqn. (15) by taking an arbitrary ratio of Max r/Min
as 5/3. It is seen that the value of C,is 677 as against
19°, for C¢ thus indicating that asymmetry in the
pressure field is much more than that in the vorticity
field. Even when the isobars are highly asymmetric,
the isopleths of relative vorticity are more or less circular.
The two patterns are depicted in Fig 1. The rainfall
distribution, clouding as revealed by radar and satellite
imageries correspond better with the vorticity pattern
than the pressure pattern in a storm field. We may not,
therefore, expect the same degree of asymmetry as obtain-
ed in the pressure field in the rain/cloud distributions.

5. Derivation from the wind profile

It is interesting to see that the results obtained in Sec. 4,
which are based on the vorticity profile derived froma
pressure profile, could also be obtained from a widely
used wind profile. Riehl (1963), Hughes (1952) and
Gray (1982) have noted that the radial profiles of
tangential wind ¥ of a cyclonic storm can be approxi-
mated by the equation :

V rr = Constant (16)

where. x is an exponent. Here, x = — | has been shown
to be valid inside the RMW and x = 0.5 outside there-
of. From Egn. (16) weeasily have

f“ — ]’I'm (“R‘ ) ‘l-,)

r

where, V,, is the maximum wind,
and hence from Egn. (5) :

v, R (1 — x)
— 2T (18)

rr+ 1

Now the isopleths of wind speed, viz., isotachs are
obviously given by the family of curves r = AR where 2
is a positive scalar. The isopleths of verticity are given
by =5 ,

re+l = pR?, ie., r = py R*1= p R'3 for x =0.5,
where g, is a positive scalar. If we define the co-
efficient of asymmetry in a similar way as in the previous
sections, we get a coeflicient of asymmetry of 677 for
wind speed profile against a 197, asymmetry for vorticity.
This shows that the profile of wind speed vis-a-vis
vorticity also leads to similar results.

6. Discussion and concluding remarks

The results we have derived are valid in the outer
region of the cyclone which we have taken as the region
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where r > 3R. The error in { due to the assumption Eqn.
(7) decreases sharply with increasing r. The form of R(f)
as a function of # needs, however, to be determined in
order to define the asymmetry of pressure and vorticity
flelds. In this study we have not considered frictional
forces and the force arising due to the translation of a
cyclone, Basu and Ghosh (1987) and Shapiro (1983)
have discussed the effect of the motion of the cyclone in
inducing asymmetry in the isotach profile even if pressure
profile were to be asymmetric. By incorporating these
forces in the dynamic equations governing the cyclone
flow and carrying out a similar analysis we may be able
to derive, perhaps, more realistic results.
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