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ABSTRACf. When the Isobars in a cyclo ne field arc concentr ic circular. the isopletbs of vorti city arc also
obviously circular. An a.symmetry in the pres~Uf'e profile ca n bejustifiably expecte d to cause an asymmetry in the
vorticity prof ile also. This aspect has been studied by making use or a genera l pressure model. It hns been shown tha t
the a,,)'mmet ry of vorticity p~ofil (" of a cyclonic sto rm in its oute r region .is far II:S5 than th at of ~h,? correspo nd ing
pn;'~,u re profile. T here upon It has been concl uded Ihat .acyclo nic storm with markedly ~, ...ymmctnc Isobars may not
manifcsl lhc same 1I( gtce of a..ymmetry inits ralnfull distri bution an d In radar rsatclllte rmugcnes .

I. Introduction

where . P,.. P, an d f A arc respccth e.ly t ~e central.
radia l an d pcriphcl al pn.~surcs. r the ra,dl3l ,t.h stan ce and
R the radius of ma ximum c) c10,lrophlc \\ ind (RMW).
A nu mber of forms of 'P ir ] Rl could be found m the
liter at ure. Rrctschneidc i' (IQ82 ~ ha~ ~uggc,!ed a general
fo rm oflhe pressur e profile a, :

(3)
g(r) = r- I /';P r "1'

II ~ i,--(Rr

When the isobai s in a cyclone fi eld are co ncentric
circular. the isotachs a nd isople th s of relative vorticity
a rc also obvio usly circula r. An asy mmetry in the pressure
field ca n be.i~st ifiably expec ted to ind uce an asymmetry
on the vo rncuy field also. Th e object of th is note is to
ma ke use of the ab ove model 10 study the effect of any
a,ymmelry in the pressure pro file (in the cyclone field )
in the profile of relative vorticity, We first di scuss the
adequacy of thi s model in generating the observed pat ­
tern of relat ive vortici ty in a cyclone field.

We assu me that the cyclo ne is statio na ry a nd the
force' ac ting o n a n ai r parcel arc the pressure gra dient
coriolis and the cent rifugal fo.ces only a nd that thesear~
in gradie nt balan ce. Firstly, we assume that the isoba rs
are concent ric circular . We denote p.,. - P. hy /'; p which
is the pressure defecl of the sto rm and P" - P the
pressu re dr op at radial di stance r hy g(r ). · Thusfrom
Eqns. (I)a nd (2) wc hav e :

2. Ili..tri hulion of relath e HN'"lk lt)' :I<iIliiI)Cial t'd with the genfOiI
c)t'lone model

( 33 )

(I )-- ~'

'P ( ~ ) -I -(I + a (~ rr' (2 )

lI ere a= llb. If a= 2, b = 112 il lead ' 10. Fujita model
and if a=b = I. 10 the Brei-X model (/oc. , II ).

The , uilahilily of a lhcorelical .model for a ¥i"en
cyclone can be deler mined hy.com pa n ng l h~ lheo.rellcal~y
obtained pressure value s With the ob~cf\cd ,·alues ~lt
vari ous time i nte rva l~. If the correlatio n nctw·een the
Iwo is consislently hiSh. Ihen Ihe.•m odel cou ld he con-

, ~idereli ad equale.

For a sta tionary cyclon e with concentric circular
isobars. the pressure pr ofile in the cyclone field can he

expressed 3S :

J' .. - Po.
p.\. -p..
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-4 . Vortidl )' profile in tbe oUler r€"f.: ion or a cvctone "i lh alll)'mml'lril'
l\Obars

Ta king RMW as a function o r an gle B. we have th e
relat ion Eq n. (9) redefined as :

( 18)

( 15)

(16)V r:t = Constant

c ~ 100 [( Ma x r ) : -I]
{ . Mill r

where. I'm is the maximum wind,
a nd hence [rom Eqn . (5) :

I'm R' ( I - x)
r:t + 1

6, Dlscusslon and ronc)lJdinJl remarks

The resu lts we have derived a re valid in the ou.ter
region of the cyclon e wh ich we have ta ken as the regson

where, x is an expo nent. Here. .v = - I has been shown
to be val id inside the R MW a nd x = O. 5 outside there­
or. From Eqn . ( 16) we ea si ly have

1' =1'", (+ )' (I7)

To illustra te the de gree or asymmetry o r isoba rs
vis-a-vis the isopleths of vorticity. we compute the
coefficient or asymmetry C. in Eqn. (12) a nd C, in
Eqn ( 15) by tak ing an a rbi trary ra t io or Ma x r/ Min r
a... 5/3. It is seen that the value of C, is 67 %as against
19n

.. 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 asymmel ric .
the isopleth, of rela tive vorticity are more or lcsx circular.
Th e two pa tt ern, a re dep icted in Fig I. Th e rainfall
dis tribution. clo uding as rewa led by rada r a nd satellite
imageries correspond better with the vorticity pattern
than the pressure pattern in a storm fi eld. We may not,
therefore. expect the same degree of asymmetry as obtai n­
ed in the pressure field in the rain/cloud distributions.

5, U('rh ~ t1un from the " Ind profile

It is interesting to see that the results obtained in Sec. 4,
which a re based on th e vortic ity profile deri ved from a
pressure pr ofile, co uld al so be o bta ined from a wide ly
used wind profile. Riehl ( 1963). H ughes (195 2) a nd
Gray ( 1982) have note d tha t th e radial profiles or
tangential wind I' o r a cyclo nic sto rm ca n be a pproxi­
ma ted by the equation

where. It is a positive scalar. For the familyof closed
curve , defined by Eqn . ( 14) the coefficient o r asymmetry
may he defined as :

Now the isopleth s or wind speed , viz., iso tachs a re
obviously give n by th e fa?1i1y o r cu rves r ~. >.Rwhe!" >.
is a positive calar. The isopl eth s of vc ru cuy are given

by ~

rZ+1 = IlRZ, i.e., r = P I R z+1 = P I RI /3 for x = 0.5,
where 1', is a positi ve sc~ l a!. lf we define the . co­
efficient of asy mmetry In a similar way as 111 the pre viou s
sections, we get a co~fficient ~r asymmetry of 67~ fo r
wind speed profile against a 19 %asyn.'l1lelry for vo~ ,e , t ~.
T his shows that the profile o r wind speed "Is-a-w"
vorticity also leads to similar results.
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, It ca n be sho wn from Eqn . (9) th at the region or
positive ' extends up to a distan ce of oR to 7R from
the centre. The Fujita model thus ecnerutcs the
observ ed relat ive vo rt icity profile or a cyc lone . We will.
th erefore, usc the Fuji ta mode l an d th e vorticity profile
based thereo n in the ensuing analysis.

The pressure profile given by Eqn" CI ) and (21 a re
meant o nly for cyclo nes with co ncentric isobars. Cyc­
lones with asymmetric isobars arc not uncom mon.
Such a feature ca n be eas ily incorporated in Eqn, (2)
by taking R the RMW as a variab le which var ies with 0
[i. e.• R = R (0») where 0 is the po lar a ngle o r a po int
in th e cyclon e field wit h the centre or th e cyclone a s
the init ia l po int.

We ha ve fro m Eqn. (3) with I> = 1/2

6 1'

where• .\ is a positive scalar. We may define a co­
e fficient or asymmetry C for a clo sed curve given by
Eqn. ( I I) with the initial poin t as a cen tra l poi nt as :

\ I f-:L2 [(rIR-CO»)'

It is evident fro m Eqn . ( 10) that the lines of conetant
g and so the isobarsare given by the equation

r = .\R (O)

It i~ obvio us from the above cxprcs:'liOll~ that if b ~).
I , { ( r ) < () fo r a ll value, or r. Accord ing 10 Gray
( 1981), the relative vortici ty in a cyclon e field is
negative genera lly beyon d 4_50 from the centre. Thus
values or 1> -;;' I. do not give real istic profile, or vor ticity,
T he Bret-X model for whic h 1> =1. come- under Ih i,
category . For the Fujita model. for wh ich I> - ',.
Eqn. (8) red uce, to : . ,

Fro m Eqn. (13) it is evident tha t isopleth s o r { in the
out er region o r th e cyclo ne a re given by th e equation
T3 = ,..3 R (0), i.e..




