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ABSTRACT. The Monsoon Experiment (MONEX) was conducted in the summer of 197 ring the
field phase of the experiment, observations were collected by research aircraft over the Arbian Segii. %‘t]gnga;)hei
presents wind data associated with a tropical cyclone over the Arabian Sea between 16 and 19 June 1979,

Gray (1978) designed a parameter (P) to meas
P—f(l+5) %X (1/S:+3)XEX (3

ure likelihood of cyclone deéelopmént which is given by
8./3p+5) X (RH—40)/30 e

where {r is the relative vorticity, f is the coriolis parameter, Sz stands for the vertical wind shear be iween

900 and 200 mb, E is the ocean energy meas

ured in terms of the excess of sea surface temperature over 26°C,

* f is the equivalent potential temperature and i is the mean relative humidity between 500 and 700 mb.

Gray obsetved approximate value of P equél to 73x10-% cal °K sec* cm~% for intensifyi A e
over the Pacific Ocean. From the meteorological data collected by research aircraft on 17 and %,8“;%11%%1?3’?;
over the Arabian Sea, we computed values of Pequal to 91 and 76108 cal °K sec™? cm-®. These are com-

parable with Gray’s estimate for Pacific cyclones.

The paper discusses the flux of absolute angular momentum and other meteorological features of the

Arabian Sea cyclone.

1. Introduction ‘ )

" An international experiment, named MONEX-
79, provided upper air data for a cyclonic storm
over the Arabian Sea during the onset stage of
the summer monsoon of June 1979 (15-19 June

1979).

. The storm initially lay as a low pressure area
_ over the east central Arabian Sea on 15 June.

It then intensified into a depression on the 16th.
Moving in northnorthwesterly direction upto the

17th evening, and later in westnorthwesterly direc- -

tion, it intensified into a cyclonic storm by the
mid-day of 18 June. Subsequently, it moved
westnorthwestwards as a tropical cyclone till its
landfall on the coast of Arabia on the morning
of 20 June. The track of the storm is shown in
Fig. 1. The maximum wind speed associated with
the cyclone was estimated to be 45 kt on 18 June.

In this paper, quantitative estimates of meteo-
rological features associated with the cyclone, are
presented. fiie

2. MONEX data

The dropsonde data which were collected by

three US aircraft on 17 and 18 June were utilized
for this study. In addition we also used the ob-

servations of coastal stations and islgands.,The |
wind data that were available for 950 and 200 mb
on 17 June are shown in Figs. 2(a) and 2(b).

_ The following meteorological parameters are
important, when we consider the intensification
and development of a cyclonic storm :

() radial (V;) and tangential (V4) com-
ponents of the wind; ,

* (i) relative vorticity;
© (iif) divergence; , ‘
(iv) flux of absolute angular momentum and

(v) vertical wind shear and equivalent
" potential temperature profiles.

We computed the above parameters with the
help of MONEX wind data. The areal divergence
is : ST ’

; o1 . : : : o
 D=y¥- f V, R + Aren = 2 /R (21)

where V, is the‘kxjadial component of the Wimdf’éiﬁd'
R is the radial distance from the storm centre.
Similarly, the areal vorticity is : B

L= 27 IR @

" *The paper was greseqted at the WMO symposium on Typhoons, held in Shanghai, China on 3-11 October 1980,
: ' (139)
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* Fig. 1. Cyclonic storm, 16-19 June 1979

{(Q) 950 mb

~ Fig- 2(2). 950 mb, 17 June 1979

where, Vg is the tangential component of the wind.

A ‘genesis parameter’ for tropical cyclones
‘was developed by Gray (1978).

ThiS is : ’
P=f(Ls+5) X (1S, 45) x B x(g-ga.Jr 5 ) %
\ RH—40 : ,
x (B 3_64 (2+3)

where, {, stands for relative vorticity and f
is the corjolis parameter. S, is the vertical wind
shear of the zonal wind between 850 and 200 mb,
E is a measure of the ocean energy. The ocean
energy is the ccean thermal energy above 26°C
or to a depth of 60 m whichever is observed
earlicr, We haveoz

E= f p C (26T—) &2 (2°4)
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Fig. 2 (b). 200 mb, 17 June 1979

where, p is the density of sea water, C is its
specific heat and 7" is the sea surface temperature
(deg. C). E is measured in units of 103 cal/cm2.
0, is the equivalent potential temperature and
RH is the mean relative humidity between 500 and
700 mb. The humidity factor (RH—40)/30 is
taken as zero when RH is less than 40 per cent

and one when RH is greater than 69 per cent.

In the following sections of the paper, we will
discuss the different components of the genesis
parameter.

3. Vorticity and divergence

The vorticity and divergence patterns evaluated
with the help of 2.1 and 2.2 for 17 and 18 June,

Ed
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- TABLE 1

-Dynamical parameters for the Arabian Sea cyclonic storm
. ; < 17 June 1979 (12 GMT) R

v , : ;
Radius Ve e Ve R Vg R RY2) Areal Div. . Vorticity ©  Lose—Lano
Radial wind Tangential Mass X Vy % (10=5 s=1) - x (105 s—1) X (10— s—1) .
R « (ms—1) - wind transport Flux of ) ; S
®) (ms—?) (ms—! deg.) absolute
: angular
momentum
X(1012 cm8
s——-’ﬂ) .
950 mb ;
2 23 15.8 —4.6 —10.4 —2.0 4.0 13.3
3 —1.9 15.4 -—35.7 —14.0 —1.0 9.2 8.6
4 —1.6 11.9 — 6.4 — 14.9 —0.3 . 53 5.5
5 —1.5 : 9.6 —17.5 —17.6 — 0.6 3.4 35
' 200 mb o ,
2 —0.1 0.8 0.2 —1.0 —0.8 0.7
3 0.1 — 1.0 0.3 1.3 - 0.4 — 0.6
4 1.3 —0.4 5.2 53 0.6 —0.2
5 1.3 —0.3 5.2 8.3 0.5 . —0.1
: - TABLE 2 ;
: Dynamical paramefers for the Arabian Sea cyclonic storm
' : 18 June 1979 (12 GMT)
dius” Vr ; Vy Vr X R (Va REFRY2) X Vr  Areal div. Vorticity — gzo—Lags
Radius i ‘ Tt 8 o S :

R Radial wind = Tangential Mass Flux of x(10—5s—1)  x(10—%s—1) x(10—~5s—1) -
) (s ~.wind . . transport absolute : o ‘ o =
e R : (ms—! X (m s—1 angular

deg.) momentum
x (102 cm?® §s—2)
: ; 950 mb L ~

2 o= 3s 14.9 =7.0 ~15.1 3.1 13.0 14.8
3 == 3.9 - 14.8 —11.7 28,1 —2.3 .. 9.0 11,0
4 =308 13.0 ==15.2 —37.8 —1.7 6.0 7.9
5 ~23090 e 1008 —19.5 —48.2 —1.3 4.0 5.6
e SRCTE N 200 mb ~ o
c2 —01 =20 —02 —~0.1 . —0.1 - —1.8

3 0.5 —3.4 1.5 06 03 =20

4 0.5 —4.3 1.5 R 0.2 —1.9

5 0.4 —4.5 1.2 16 02 —1.6

are shown in Tables 1 and 2. Values. corfes;jgpci;

 ing to different radial distance from the centre of

the storm are indicated. The interesting feature

of the cyclone was the existence of positive vorti-

city even upto 200 mb but, as we proceed out-

wards from the storm centre, this was replaced

by anticyclonic vorticity at 200 mb, which re-

flects the outflow from the cyclone. A similar

, fe;aturewasiobservcd for ‘thg, divergence field.

It was suggested by Gray (1978) that the diffe-
¢ relative vorticity be

; en 900 and 200 mb_
d over a 4 degree radius around the storm

centre could be an important measurc for distin-
guishing between developing and non-developing
cyclones. For intensifying cyclones over the Pacific

region, a difference of 4.Tx 107 sec Tl was

indicated. In the present case, our computed
values were 5.5and 7.9 X 1075 sec 1 on 17 and
18 June respectively. This, we feel; indicated the
intensification of the cyclone between 17 and

18 June.

4. Vertical wind shear
"The vertical wind shear between 200 and

850 mb around the storm centre on 17 and 18
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Fig. 4. Radial wind field (mps) at (a) 950 and (b) 200 mb at 12 GMT of 18 June 1979

June is shown in Figs. 3(a) and 3(b). We
observed the following important features :

(i) little or no vertical shear near the centre
of the cyclone,

(ii) regions of positive shear to the north,
and large negative shear to the south of
the storm centre and

(iii) a large horizontal gradient of the verti-
cal wind shear,

These features suggest considerable horizontal
temperature gradients within the cyclone field.
The large negative shear towards south of the
storm centre could be accounted for by the pre-
sence of a low level westerly jet and a high level
easterly jet over this region.

5. Ocean energy and meoist stability

¥ The ocean energy (Gray 1978) for this cyclone
was 15x 103 cal/sec2. This was greater than the
values quoted by Gray for the Atlantic Ocean. But,
it was almost of the same magnitude as for the
cyclonic storms over the Pacific Ocean. The
warmer sea surface temperatures in this sector of
the Arabian Sea led to higher values of E.

-The equivalent potential temperature profile
provides a measure of the potential of the atmos-

phere for sustaining deep cumulus convection.
The potential buoyancy for an intensifying
cyclone has been estimated to be between 15 and
20 deg. K. For the present cyclone values were
estimated to be between 14 and 16 deg. K on 17
and 18 June. The potential buoyancy is the diffe-
rence in equivalent potential temperatures at the
surface and 500 mb. It measures, in an approxi-
mate manner, the possibility of free convection
in the cyclone field. This is particularly true of
this cyclone, in view of the high relative humi-
dity that prevailed on 17 and 18 June.

6. Genesis parameter (P)

We computed the value of P with the help of
(2.3). The values for 17 and 18 June are shown in
Table 3. Our computed values were 91 and
763210—2 cal °K sec—1 cm~3 for 17 and 18 June
respectively. The average values for similar distur-
bances over the Pacific and the Atlantic were 73
and 483 10--8 cal °K sec™! ¢cm™3 (Mc Bride and
Gray 1979). The magnitude of P was thus a little
higher for this cyclone.

7. Radial wind and mass transport

The field of radial velocity; is important be-
cause it is related to the minimum pressure of
the storm and to the conversion of Kkinetic
energy to the potential energy. Fig. 4 represents
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the field of radial velocity at 950 and 200 mb for
18 June. Fig. 5 shows the plot of the radial

‘winds at 4 deg. radius for 17 and 18 June. The
- significant features brought out by these figures

are: (i) presence of very strong inflow in the
southwest - quadrant, (i) maximum inﬂow at
950 mb and (#i) significant increase of the in-

Aflow on 18th in comparison to 17th.

Radial velocity times the radius is propor-
tional to the mass transport. Values of mass
transport at 950 and 200 mb are shown in
Tables 1 and 2. Significant increase in the mass
transport is observed on 18th in companson to

- that on 17th. -

8{ Tangential wind

Strong tangential wind, which is a measure
of the: c1rculat10n, is a distinctive feature of a
mature  tropical cyclone Flg 6 shows the
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Fig; 6

vertical cross-section of the tangential compo- |
nent of the wind for 18 June 79. Fig. 7 shows
the values of the tangential wind for 16 and
18 June at different radii for lower levels. Posi-
tive and negative values indicate cyclonic and
anticyclonic flow respectively. Examination of
the diagrams bring out the following interest-
ing features: (i) The existence of the cyclonic
wind maxima between 900 and 850 mb, (i)
change of cyclonic into anncyclomc flow at
about 250 mb and (ii{) significant increase of
the ‘tangential wind from 16 June to 18 June
indicates the increase in the mtensnty of the
system -on 18th,

. Strength of the tangential wind ié‘ an impor-
tant parameter to distinguish between a develop—
ing and non-developmg system, The increase of
the tangential wind is the dynalmc response of -
the- atmosphere to the warming and subsequent‘ :
increase in the pressure gradlents Whlch '
over the cyclone “field, '
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TABLE 3
Genesis parameter
Date Vorticity Coriolis Vertical wind Ocean Moist Mean P
(June 79) (x10~%sec~1) parameter shear factor energy stability Humidity (x 10— cal
(x10—5sec—1) (m—!s 650 mb) (10°calem—2) (° K/450 mb) RH) °K s—1! cm—3)
(%)
17 92 4.2 0.08 15 14 =70 o1
18 90 4.2 0.06 15 16 >70 76

9. Flux of absolute angular momentum

Computed values of the flux of absolute angu-
lar momentum for the present case are shown
in Tables 1 and 2.

In the lower level, the flux of absolute angu-
lar momentum increased with the increase of
intensity. Compared to 17th, values are consi-
derably higher on 18th. The results show that
generally, the flux of absolute angular momen-
tum has the same sign and tendency as the radical
velocity for a given radius. Intensity trends
agree well with the trends of the two computed
quantities. A schematic vertical cross-section of
absolute angular momentum is shown in Fig. 8.
The figure reveals a feature similar to a mature
cyclone (Anthes 1974)

10. Conclusion

Genesis parameter values are worked out in
case of a cyclonic storm in the Arabian Sea
following Gray’s work (1978). Results are
comparable with the results of similar distur-
bances in the Pacific, but the values in the
Arabian Sea are greater in magnitude than those
of the Atlantic Ocean,

The ficlds of vorticity, divergence, radial and
tangential wind and the horizontal distribution
of the vertical wind shear of the zonal winds
around the storm centre in case of the present
cyclone reveal similarities with such fields
observed in case of similar disturbances in the
Pacific and the Atlantic.
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