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ABSTRACT

A double vortex system consisting of Tropical
Cyclone "Annie'" (Southern Hemisphere) and
Tropical Storm '"Gilda'" (Northern Hemisphere)
developed over the Western Pacific Ocean during
November 1967. The development and sub-
sequent movement of the vortices are studied by
means of meteorological satellite photographs.

Estimates of maximum wind speed and central
pressure for each vortex are made using a
method developed in the National Environmental
Satellite. Center, Washington,D.C, The sequence
of events observed in the development of the
vortex pair is discussed and it is suggested that
Cyclone "Annie'" may have developed as a
result of the earlier formation of the Northern '
Hemisphere vortex.

It is concluded that the occurrence of double
vortices is more likely during the transition
months. Near the equator the vertical compon-
ent of vorticity due to the earth's rotation is
small and the development of a vortex will
depend to a large extent on the low level wind
field prevailing in the vicinity of an area of
large-scale low level convergence.

The study provides-additional evidence that
meteorological satellite data are of great value
in the investigation of weather systems in the
data-sparse equatorial regions.

1. INTRODUCTION

On 12 November 1967, a tropical cyclone code-named "Annie' traversed
the Louisiade Archipelago and the Conflict Group of Islands to the east of Papua,
causing damage and loss of life, Due to the occurrence of this cyclone unusually
close to the equator and the lack of conventional meteorological data in the area, it
was decided to undertake a study of available meteorological satellite data covering
the period of its development. Preliminary investigation revealed that ""Annie'' was
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part of a double vortex system; tropical storm ''Gilda'" had developed about
1,300 km northwards across the equator, just 24 hours or so earlier,

Analyses of mean monthly winds over tropical areas have indicated the
existence of two distinct equatorial troughs in the lower troposphere, one in each
hemisphere (Raman and Dixit, 1963), This double trough structure is observed
routinely across the Indian Ocean to the Western Pacific Ocean. In the summer
hemisphere, the trough is displaced from the equator and often contains cyclonic
vortices., The trough in the winter hemisphere lies close to the equator. and is
usually inactive, During the transition months, April and May, and October and
November, both troughs may be active and double vortices have been observed, one
on each side of the equator.

Scarcity of observations over tropical oceanic areas has made a detailed
study of the double equatorial trough difficult, but regular coverage by meteoro-
logical satellites in recent years has allowed the development of vortices to be
observed regularly. Raman (1964) has described an example of a double vortex
system during the 1964 April/May transition period over the Indian Ocean., It was
noted that a Southern Hemisphere tropical cyclone, '""Norma'', co-existed with a
Northern Hemisphere vortex near longitude 80°E. Intensification of both vortices
occurred at about the same time.

An earlier study of double vortices was carried out by Dean (1955).
Vortex pairs were observed in the Western Pacific Ocean near longitude 165°E during
the period 27 April to 3 May 1951. In this study regular meteorological data was
supplemented by observations from fishing boats. It was proposed that each vortex
pair developed from an "equatorial wave' overlapping the equator. '

In the present investigation satellite data was used to trace the develop-
ment and movement of each vortex in the pair. Maximum wind speeds and central
pressures were estimated from the observed cloud patterns and an attempt was made
to explain the apparent connection between the two vortices.

2. FEATURES OF THE SATELLITE PHOTOGRAPHS

In order to obtain a general view of the situation prevailing prior to the
development of the vortices, photographs from ESSA 3 were obtained for the period
beginning 5 November. By 14 November both vortices had moved well away from
the equator. Rectified cloud analyses were prepared for the intervening period and
these are presented in Fig. 1. In these analyses, cloud is depicted by the black
areas,

There is evidence of a double equatorial trough structure in the analysis
for the first day of the sequence in Fig. 1(a). From longitudes 145°E to beyond
170°E there is an area clear of cloud along the equator, but cloudy areas’'indicate
marked convective activity to the north and south of this clear area, Dlsturbed
areas are located in the northern trough near 10° N, 140°E and along 8°N ‘eastwards
from 165°E, Only the western fringe of the second area is visible in this analysis.

On 6 November (Fig. 1(b)) an increase in activity is indicated by the
greater area of cloud coverage. A double trough is still evident to the east of 155°E
but further westwards both cloud bands merge into a strong convergence zone along
the equator. The disturbed area to the east has moved into the analysis area and the
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western disturbed area has moved westwards and now extends to the equator. It is of
interest that this latter disturbance continued to move westwards and developed mto
a vortex; it is not considered further here,.

The dominating feature of the situation for the 7th (Fig. l{c)) is the cloud
mass just north of the equator near 158 E, There are indications of a very weak
circulation in the satellite photograph for this day. By the 8th (Fig. 1(d)) a well
defined vortex has developed with its centre near 6°N, 160 E, A strong convergence
band lies just south of the equator between longitudes 135°E and 150 E. There is
another convergence zone lying almost N -S and extending from 10°s 155°E across
the equator into the circulation,

Development of the second vortex has occurred by the time of the analysis
for the 9th (Fig. l(e)). A mosaic of the two ESSA photographs covering this double
vortex system is reproduced in Fig. 2. Of particular interest is the strong conver-
gence band just north of the equator which gives the appearance of "feedmg" both
vortices. Sadler (1964) has noted the tendency for developing vortices to be associ-
ated with cloud bands which may contain more active convection than the circulation
itself. Further development of the vortex is accompanied by a weakening and
eventual disappearance of the convergence cloud band. Fig. 2 suggests the inter-
dependence of the two vortices and the intervening cloud band.

A significant feature of the southern hemisphere vortex is the existence,
on the first day, of a dense cirrus shield which obscures all but the outermost parts
of the low level circulation. It is usual for such abundant cirrus to be associated
with more mature tropical cyclones. Hubert (1966) states that the production of
copious cirrus is the first indication that a cloud vortex is a potential hurricane.
This cirrus shield may be significant in suggesting that development of the vortex
was unusually rapid. Additional evidence of this rapid development is given in
Table 1 which presents some 850 mb and 700 mb winds in the vicinity of the cloud
vortex. An extensive circulation has clearly become established by 2300 GMT on
8 November. However, using only available conventional meteorological data it
would be difficult to locate the vortex accurately.

Table 1. 850 mb and 700 mb winds in tens of degrees and knots
for Lae (6.75 147.0E), Rabaul (4.25 152.2E)
and Honiara (9.5S 159.9E) at 2300 GMT 7-8 November 1967

Level Date Lae Rabaul Honiara

(x10°)] (kt) | (x10%) | (kt)| (x10°)] (kt)
850 mb | 7 Nov. | 12 0oa| 24 1 06| 12 24
8 Nov. | 22 44| 23 22| 13 20

700 mb |7 Nov. | 33 03| 27 101 13 17
8 Nov. 27 20| 25 32 14 24
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Fig. 1{cont)

Hand rectifications of cloud cover from ESSA 3 photographs,

5-14 November 1967. Cloudy areas are shown black.
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Hand rectifications of cloud cover from ESSA 3 photographs,
5-14 November 1967. Cloudy areas are shown black.
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Fig. 2 Mosaic of ESSA 3 photographs, ofbit 5057, frames 5 and 6,

0248 GMT, 9 November 1967.
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The subsequent development and movement of the two vortices may be
followed in the cloud analyses presented in Figs. 1(f) to 1(j). On the 10th the two
vortices are still connected by a cloud band but this has been severed by the next
day. A breakdown of the vortices' common convergence band can be observed as
they move further away from the equator and become independent circulations.

To conclude this section on observational aspects, Fig. 3 illustrates the
tracks of each vortex as estimated from the satellite photographs, Available conven-
tional data indicate high-level easterly winds over the area, and the general
westerly movement of both vortices until 13 November'is consistent with.this, By
the 14th, recurvature of cyclone "Annie" has commenced as the vortex moves under
north-westerly winds ahead of a trough in the westerlies lying over the north-east
coast of Australia,

.

3. ESTIMATION OF SURFACE CHARACTERISTICS

In his 1966 article, Hubert described a technique used in the National En-
vironmental Satellite Center for estimating central pressure and maximum wind speed
for a tropical cyclone from satellite pictures. Central pressure is estimated by
comparing the observed cloud pattern with selected examples. Two parameters are
used to estimate the maximum wind speed; the storm is placed in a category between
1 and 4 depending on the degree of organisation and bandedness, and the diameter of
the central overcast is measured.

This technique was applied to both vortices in the present case; the
results are presented in Table 2(a) for ""Annie" and Table 2(b) for "Gilda'". The last
column in Table 2(a) gives the central pressure listed in the Official Case History
for "Annie'", presumably estimated from other meteorological data. No distinct eye
was visible for either vortex in any of the ESSA 3 photographs for the period under
consideration. In spite of this, ""Gilda'" was placed in category 3 on the last two days
owing to the high degree of organisation apparent in its circulation. It was not
possible to attempt reliable estimates of central pressures below 996 mb with the
information presented in Hubert's paper.

A semi-objective technique developed with data from one area of the
tropics is not necessarily directly applicable in another region, but in this case
similar results could be expected. However, the patterns observed in the pre-
circulation formative stages are probably not relevant to the Western Pacific. Al-
though there is considerable subjectivity in the selection of the appropriate cloud
patterns, application of this method or a similar one based on data from the
Australian Reglon, is justified when other meteorological observations are not
available.
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Table 2, Estimates of Maximum Wind Speed and Central Pressure for
Tropical Cyclone ""Annie'" and Tropical Storm '"Gilda' from the Data of Fig. 1.

(a) Tropical Cyclone "Annie"

Category Diameter | Estimated Estir.na'.ted giztszaire
Date (Nat, Envir, | of Central | Maximum | Central from
Satellite Overcast | Wind Speed| Pressure Case History
Center) (deg.lat.) (kt) {mb) (mb)
9 Nov. 1 7 45 1000 -
10 1 5 40 1000 1000
11w 2 3 50 996 998
12 2 3.5 55 <996 980
13 v 2 3.5 55 < 996 980
14 " 2 4 60 < 996 980
(b) Tropical Storm '"Gilda"
Category Diameter | Estimated [Estimated
Date (Nat. Envir,| of Central | Maximum |Central
Satellite Overcast Wind Speed|Pressure
Center) (deg.lat,) (kt) (mb)
8 Nov. 1 5 40 1000
9 v 2 5 65 996
10 v 2 6 70 <996
1 2 6 70 < 996
12 v 2 5 65 < 996
13 v 3 6 90 < 996
14 3 ‘ 6 90 < 996
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