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Prediction of satellite track of tropical cyclone from spiral bands
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ABSTRACT. The sector of the eye wall where a spiraling convective band appears to fasten
with it changes and oscillates over the eye wall and such a sector is easily discernible in Enhanced
Infra Red (EIR) imagery received from satellite for a cyclone whose intensity is more than T5.0. It
has been argued that a vector having initial point at the centre of the cyclone and passing through
this particular sector of the eye wall, indicates the future satellite track of a tropical cyclone. The
data of the two cyclones, which were showing above mentioned identifiable feature during a part of
their lives, withstood the logic within observational errors.
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L. Introduction

Spiral bands of a tropical cyclone seen in a satellite
s=agery have been used by Dvorak (1984) for estimating
#e swrength of the tropical cyclone. Fett and Brand
(1975) noted that changes in the location of major
sructural features of the storm are correlated with
changes in the direction of movement of the storm
ceatre. One of the features noted was that clear areas
or relatively clear areas are often noted as slots in the
space between the edge of the central overcast disc
=nd impinging convective bands. These slots apparently
romate as the storm changes direction. Taking these
siofs as pointers to the new successive position of
cyclone they constructed forecast tracks. Another similar
fzawre of the storm in a different form has been
sxploited here 1o estimate the direction of motion of
& sorm and a viable logic has been proposed to justify
S approach given here. This is the aim of the present
sady.

(4))

There are a number of studies proposing possible
physical mechanisms to explain the formation of spiral
bands. Accounts of such studies are given by Anthes
(1982). Mention of some of these as are of direct
relevance to us will be worthwhile. Senn er al. (1957)
defined spiral bands with the equation
In(r-rg)=A+B)\, where r is radius, A is azimuth,
ro is the radius of a limiting circle with centre coincident
with the storm centre, and is a constant that measures
the angular origin of the spiraling band. Here, we shall
be interested in angular origin of a spiral band from
the wall cloud. Senn and Hiser (1959) noted that the
bands formed near the eye and propagate radially
outward. They also noted that the bands did not Totate
about the storm centre, but instead remain in the
quadrant in which they formed. Because of the apparent
origin of the bands at the eye wall, they surmised a
source of energy which is probably released as it
oscillates around the wall cloud. Tatehira (1961) also
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showed that bands were generated near the eye and
moved outward. On the other hand, Fett and Brand
(1975) have noted that major outer rain bands persist
for long periods of time in the same location relative
to the storm centre. Anthes (1982) is of the opinion
that it is likely that these large scale, nearly stationary
bands are formed by a different mechanism than the
small scale, propagating bands. Faller (1961) proposed
that spiral bands were roll vortices which formed from
an instability in the boundary layer and took a spiral
shape.

Present author also noted that the sector of the eye
wall, where a spiral band appears to fasten with eye
wall, does change and oscillate over the eye wall.
Such a sector can be uulized for estimaung the current
direction of movement of a tropical cyclone that has
developed eye wall and distinct spiral bands. This
particular sector of the eye wall at which the spiral
cloud band appears to fasten or join with eye wall
will be abbreviated as JS (Joining sector) in rest of
the text. JS is that part of the periphery of the eyewall
where a cloud band joins the eyewall. Thus JS lies
in the common area shared by eyewall and impinging
band. Angular width of this particular part of the
periphery of the eyewall is approximately one fourth
of a quadrant.

2. Methodology

It can be assumed that the angular origin of the
spiral convective band from the eyewall is indicative
of the concentration of positive vorticity in that JS of
the eyewall as compared o other sectors. The reason
lo believe so is that larger vertical velocities were
found in these parts of spiral bands in a model hurricane
(Diercks and Anthes, 1976 a) at the boundary layer.
By Ekman layer theory, these vertical velocities,

are related to geostrophic vorticity, &, in the boundary
1

[+
8

coefficient. Larger are the vertical velocities )y, as
found in the portion of the spiral band near the eyewall,
the larger will be the concentration of positive vorticity
in the boundary layer in which such sectors of the
eyewall are embedded. Two prominent spiral bands
are normally seen clinging to the eyewall at
diametrically opposite sectors. It is this symmetry and
also closeness of JS's with eye wall, which has been
used to identify two JS's out of all other sectors. Such
a depiction of a tropical cyclone structure is, of course,

layer by w,=§ , where k is the eddy viscosity
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Fig. 1. Schematic view of Joining Sectors (JSs) in a
tropical cyclone

oversimplified. Movement of the cyclone over past
few hours is helpful in deciding as to which of the
two JS’s has been heading to new positions. It is also
noticed that both the JS’s are not equally distinct.
Identification of JS is ambiguous in a cyclone when
its intensity is weaker than T5.0 or so. By distinctness
of a JS in Enhanced Infra Red (EIR) imagery we
mean the following.

JS is identified in EIR by noting thalt temperature
contours which are more of circular appearance in
the eyewall loose this circular nature near JS and
take elongated shape. A schematic view is shown in
Fig. 1 and a real appearance of JS in EIR imagery
can be seen in Figs 2a&b. In Fig. 2a the cyclone is
heading towards north and in Fig. 2b it is heading
towards northwest. A JS has been taken to be more
distinct than the other by its comparatively smooth
temperature gradients in the direction of the spiral
band as well as transversally. By ‘comparative smooth
temperature gradients’ it was meant that one of the
two JS’s was having regular isotherms all having nearly
the same shape and lay almost parallel to each other.
While in other JS the isotherms lack in such
characteristics. Temperature gradients along the band
and in transversal direction are of the order of 8°C/
100 km and 20°C/100 km respectively.

A trough of low temperature in JS is also indicative
of stronger secondary circulations in this region and
hence larger positive vorticity. It has been seen (Bhushan
1990) that a cyclone moves in the direction of ascendent
gradient of positive vorticity tendency, ¥ (9n/d1) where
7 is the absolute vorticity. If we further assume that
JS is not only the region of higher positive vorticity
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Fig. 2a. EIR imagery transmitted by INSAT-ID at 0300 UTC on 29 April 1991. Arrow shows the estimated direction
of movement of cyclone. Different gray shades correspond to temperature ranges as; A: 9°C to -30°C, B:
-31°C 10 41°C, C: —42°C 10.53°C, D: -54°C to £3°C, E: —-64°C 10 —69°C, F: -70°C o -75°C, G: -76°C

to -80°C and H: < -81°C

but also a place where rate of production of positive
vorticity is higher, we can conclude that cyclone’s
current movement vector can be drawn from cyclone
centre to JS. This assumption is seen indirectly to be
true for the observations shown in this study.

3. Data and analysis

In the Bay of Bengal and the Arabian Sea some
of the cyclones attain intensity of T 5.0. (maximum
wind of 90 ki) or more and develop spiral bands which
can be used to identify JS. Weaker cyclones than T5.0

do not have such clear spiral bands and wall cloud
that can allow identification of JS. To find the
justification of the above surmised approach for
estimating the direction of movement of a tropical
cyclone, the directions of movement at different hours
of the two cyclones that existed in the Bay of Bengal
during 4-9 May 1990 and 23-29 April 1991 and had
clear JS (intensity above T5.0) at least during a part
of their existence, were determined by the approach
illustrated here, i.e., JS's in each of the EIR imageries
were identified and the directions of the vectors having
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Fig. 2b. EIR imagery transmitted by INSAT-IB at 1700 UTC on 7 May 1990. Arrow shows the estimated direction of
movement of cyclone. Different gray shades correspond to temperature ranges as; A: 9°C 1o -30°C, B: -31°C
o —41°C, C: —42°C 10_53°C, D: -54°C 10-63°C, E: -64°C to —69°C, F: -70°C to -75°C. G -76°C 10 -80°C

and H: < -81°C

origin at the centre of the cyclone and passing through
respective JS were noted in sixteen points of compass.
In this study, the direction in which both the JS§'s and
the centre of cyclone aligned was taken as the direction
of movement of the centre. In several cases while
drawing this direction it so happened that line was
near the one end of the JS instead of being through
the middle of it. This was allowed because accuracy
involved here, due to the angular width of JS, is not

better than a quarter of a quadrant. These angles, 6,,
(angle © at hour ‘' of the EIR) represented the
cyclone’s current direction of movement at respective
hour/position as seen on satellite pictures. Direction
¢, (angle ¢ at hour ‘1" of the satellite imagery) of
movement were also estimated from the latlong
co-ordinates of the cyclone/vortex centre noted
operationally at MDUC of IMD, New Delhi for different
hours/positions. Values of ¢, and 8, are given in
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TABLE 1
Date and Position of cyclone in Direction of movement of the  Direction of movement as
hour of satellite imagery & centre of the cyclone for estimated by the location of
observation intensity T.No. reaching next position IS
(UTC)
t La. °N Long. °E or s o 8,

7 May 1990
10 11.4 81.7 6.0 Stationary — N —
11 11.4 81.7 Do N NNW NNW
12 11.4 81.7 N Do. NwW Do.
13 11.4 81.7 Stationary Do. NNW Do.
14 11.5 81.7 NNE NNW Do. Do.
15 11.7 81.8 w Do. Do. Do.
16 11.7 81.6 NNW Do. Do. Do.
17 11.8 81.3 NNE Do. NW NwW
18 12.1 81.4 NW N Do. Do.
19 123 81.2 N Do. Do. Do.
20 12.5 81.2 NE NNE Do. NNW
21 12.8 81.4 6.5 Do Do. NE NNE
22 129 81.8 N Do. Do. NE
23 13.1 81.8 Do N Do. Do.

8 May 1990
00 13.3 81.8 Stationary Do. NNE NNE
01 133 81.8 N Do. Do. Do.
02 13.5 81.8 w NwW Do. N
03 135 81.7 NwW WNW NNW Do.
04 13.6 81.6 WNW NW NNE N
06 13.6 81.4 NW Do. Do. NNE
o7+ — — Do Do. Do. N
08 13.7 81.3 NNW Do. Nw Do.
09 13.9 81.2 w Do. NNE Do.
10 13.9 81.0 Stationary NNW N Do.
11 13.9 81.0 NE NNE Do. NNW
12 13.9 81.1 N Do NwW Do.
13 14.0 81.1 Do N Do. Do.
14 14.2 81.1 Do. Do. N Do.
15 14.2 81.0 NNW -_ Do. —

28 April 1991
00 15.0 87.4 55 N — N —
01 15.2 87.4 NNE NNE NNE N
02 15.4 87.5 Do. Do. N Deo.
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TABLE 1 (Contd.)

Date and Position of cyclone in Direction of movement of the  Direction of movement as
hour of satellite imagery & centre of the cyclone for estimated by the location of
observation ntensity T No. reaching next position IS
(UTC)
1 Lat. °N Long. °E o o 6 8,
28 April 1991
03 15.8 87.6 NE NE N N
04 15.9 81.7 Do. Do. Do Deo.
05 16.0 87.8 N NNE NNE NNE
06 16.2 87.8 Stationary N Do Do.
07 16.2 87.8 NNE NNE N Do.
08 16.4 87.9 NE Do. NNE N
09 16.5 88.1 N N N NNE
10 16.6 88.1 NW NNW NNE Do.
11 16.7 88.0 Stationary NNE Do. Do.
12 16.7 88.0 E ENE NE NE
13 16.7 88.2 NE ENE Do Do.
14* - - Do. NE Do Do.
15 17.0 88.6 NNE Do. Do Do.
16 17.4 88.8 . NE NNE Do. Do.
17 17.5 88.9 N Do. Do Do.
18 17.8 88.9 6.0 NNE Do. Do Do.
19 18.0 89.0 Do. Do. Do Do.
20 18.2 89.0 N N Do Do.
21 18.3 89.0 Do. Do. Do Do
22 18.4 89.0 Stationary NNE NNE NNE
23 18.4 89.0 NE Do. Do. Do.
29 April 1991
00 18.5 89.1 6.5 NNE Do Do. Do.
M 18.8 89.2 N Do. Do. Do.
02 19.1 89.2 NE Do. N N
03 19.4 89.4 NNE Do. Do. Do.
04 19.6 89.5 N N Do. Do.
05 19.7 89.5 Do. NNE Do. Do.
06 19.8 89.5 6.0 NE Do. Deo. Do
07 20.0 89.7 NNE NE Do. Do.
08 20.2 89.8 NE Do. Do. Do.
09 20.3 89.9 Do. Deo. Do. Do.
10 20.3 90.0 Do. Do, NNE NNE
11 20.5 90.3 Do. - Do. -

*Direction of movement interpolated as observations were not available
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Fig. 3. Curve "a' is a plot of §, vs ¢ and curve ‘b’ is a plot of g, vs r for

April 1991 cyclone

Fig. 4. Curve ‘a’ is a plot of g, vs 1 and curve ‘b’ is a plot of g, vs t for

May 1990 cyclone

Table 1. Data of only those hours have been included
for which EIR imageries were available. For missing
data the directions have been interpolated for drawing
continuous curves in Figs. 3 & 4.

There are limitations on the accuracy with which
a centre can be measured on a satellite imagery. In
the data set used here the hourly positions of the
centre were reported within 0.1 degree of long/lat
The movement of a tropical cyclone over an hour
is also of this order. Such data may give dircction
of hourly motion far from real direction a cyclone
centre might have traced. For slow moving cyclone

the deviations are still large. It can be seen that
such inaccuracies can cause deviations of the order
of one quadrant. To reduce errors in the location
of the centre of a cyclone, 3-hourly running averages,
Tgfr of ¢, were determined. Since the JS has cenain

extent over eye wall and is not sharper than to
give its location in sixteen points of compass, the
0, values were also subjected to 3-hourly running

averaging, The 3-hourly running means _é, and 6,
are given in Table. For determining 6: and 5{ uniform

speed was assumed for all 6, and ¢,
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Using 3-hourly running means, (1, ar) and (1, '9"_)

curves were drawn and shown in Fig. 3 as ‘a’ and
‘b’ respectively for April 1991 cyclone. Similar curves
are given in Fig. 4 for May 1990 cyclone. Comparison
of curves ‘a’ and ‘b’ in Fig. 3 shows that most of
the values of curve ‘a’ are matching with corresponding
values of curves ‘b’ within one fourth of a quadrant.
There are very few points on the two curves which
differ by one half of a quadrant.

From the curves ‘a’ and ‘b’ of Fig. 4 for May
1990 cyclone we find that only half the points are
within one fourth of a quadrant. Except for the point,
03 UTC/8 May 1990, rest half of the points are within
error of one half of a quadrant.

The limited set of data used here motivate to accept
that JS discermed in EIR can be used for predicting
satellite track of a tropical cyclone with an accuracy
of one fourth of a quadrant at best. Thus, the logic
given above and the data set utilised here broadly
support each other. One to one correspondence between
8, and ¢, was masked for many a points perhaps
mainly due to the reasons that necessitated their
averaging. For taking 3-hourly running means,
‘stationary’ value of ¢, was neglected and mean of

two instead of three values was taken.
4. Conclusion

The procedure built on the logic given in this study
for estimating the satellite track of a tropical cyclone
can only be useful in those situations where a cyclone
has developed such distinct spiral bands as 1o discern
JS. The logic given above for determining the direction
of movement although supported by the data set
available here, within limits imposed by the daa
accuracy, yet it requires to be tested over the best fit
tracks of the system and a larger data set.
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