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The detailed cloud analysis around a tropical cyclone, required to forecast the
direction of motion of the cyclone centre on a short-term basis (see Lajoie and
Nicholls 1974), is sometimes difficult to perform in visible or infrared satellite
cloud imagery when a cirrus canopy masks the low cloud structure. The cloud
analysis then becomes largely subjective and this can lead to appreciable
forecasting errors. However, an objective analysis of the equivalent black-body
temperature of cloud tops, as obtained from digitised infrared data, can be used
to obtain a semi-objective cloud distribution of cirrus and penetrative
convection around the tropical cyclone. From 46 consecutive three-hourly
analyses the evolution of the outer cloudband around tropical cyclone Kerry is
followed. It is shown that the cyclone changes its direction of motion twelve to
fifteen hours after changes in the bearing from the cyclone centre of the
downstream end of the outer cloudband, in agreement with Lajoie and
Nicholls’s forecasting guidelines. One hundred other analyses for seven other
tropical cyclones have been examined and show similar relationships between
the bearing of the downstream end of the outer cloudband and the direction of

motion of the cyclone.

Introduction

In analysing visible satellite pictures of well-
defined cloud vortices associated with tropical cyc-
lones operating in the Australian region, together
with their best-determined tracks, Lajoie and
Nicholls (1974) found that tropical cyclone cloud
systems contain certain characteristic cloud
features, shown in Fig. 1, that can be used as pre-
dictors for the short-term forecasting of their
direction of movement. The significant cloud
features are the central cloud mass, the cirro-
stratus streamers, the outer cloudband, the pre-
cursor band, and the cumulonimbus-free sector.
Lajoie and Nicholls suggested the following three
forecasting guidelines:

(a) a tropical cyclone will not continue to
move, or curve, towards any direction
within a cumulonimbus-free sector — if
moving in such a direction at picture time,
it will curve away from that direction dur-
ing the next twelve hours;

(b) a tropical cyclone centre will move or curve
— within twelve hours of picture time —
towards a direction given by a line joining
the current position of the vortex centre to
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the current position of the most developed
cumulonimbus cluster at or near the
downstream end of the outer cloudband
(see Fig. 2(a));

when a tropical cyclone has two outer
cloudbands and is moving at, or just prior
to, picture time roughly towards the most
developed cumulonimbus cluster near the
downstream end of one outer cloudband, it
will curve within twelve hours of picture
time to move towards the most developed
cluster of the other outer cloudband (see
Fig. 2(b)).

The first two forecasting guidelines have been
amply verified by Lajoie (1976, 1977). The third
forecasting guideline is rarely used and only
applies when one outer cloudband is dissipating
while another is establishing itself.

When the cloud features can correctly be
identified in the cloud imagery, the forecasting
guidelines have been used successfully in Austra-
lian Tropical Cyclone Warning Centres to forecast
recurvature of tropical cyclones. On occasions,
however, when low clouds are covered by a thick
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Fig. 1 Model cloud structure of a tropical cyclone.

The significant cloud features are:

(a) the central cloud mass (diameter 100 to
200 km, changes configuration with time,
and from one picture to the next);

(b) one or two outer cloudbands (separate
from central cloud mass, cumulonimbi
more developed at downstream end, pat-
tern remains unchanged for several
hours);

(¢) precursor band (downstream end occurs
along the same outward radius as that of
the outer cloudband);

(d) one or more cirrostratus streamers;

(¢) cumulonimbus-free sectors.

4
Quter cloudband
o
'
&
o

Cirrus plumes

Cb cluster
origin of
Cs streamers

Precursor band

cirrus canopy, a detailed analysis of the cloud
structure in visible or infrared (IR) imagery
becomes very difficult. The location of the outer
cloudband and that of its downstream end are
then largely subjective. This leads not only to
large forecasting errors, but also to discrediting
the whole technique.

The purpose of this paper is, firstly, to demon-
strate that significant features of a tropical cyclone
cloud system can be identified in digitised infrared
satellite data and that the evolution of the outer
cloudband can be followed in three-hourly data
and, secondly, to verify once more the validity of
the forecasting guidelines using a semi-objective
method of cloud analysis.

Data and method of analysis

The cloud data used in this investigation are from
the Japanese Geostationary Meteorological
Satellite (GMS) launched in July 1978. Observa-
tions are available every three hours starting at
0000 GMT, except for the observations made at
1600 GMT instead of 1500 GMT. The data

Fig. 2 (a) Ilustration of the first two forecasting
guidelines of Lajoie and Nicholls (1974).
The diagram shows the cloud analysis at
picture time H, and the forecast cyclone
track (double arrow). Note the change in
direction of motion at H + 12 hours.

Fig. 2 (b) Illustration of the third forecasting
guideline.

archival program stores digitised infrared data for
cyclones evolving between longitudes 100°E and
165°E on magnetic tapes. Unfortunately not all
data have been archived. The longest period of
consecutive three-hourly observations for an
intense tropical cyclone is for Kerry between 15
and 21 February 1979 with 46 successive three-
hourly observations.

The archived data for Kerry have been used as
a basic data set to develop guidelines to interpret
the infrared data in terms of the significant cloud
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features of Fig. 1. About 100 other digitised cloud
data were also available for cyclone Hazel in
February 1979, and for Amy, Brian, Dean, Ruth,
Enid and Gloria, from January to March 1980.
Six of these cyclones evolved off the coast of
northwestern Australia, and their data were used
to test the usefulness of the interpretation
guidelines.

The IR data from GMS-1 have a spatial resolu-
tion of about 2.5 km at the satellite sub-point. For
the purpose of this investigation the radiances
averaged over areas represented by 3 X 3 picture
elements or 7.5 X 7.5 km approximately, were
determined and converted through the use of an
algorithm received from the Japanese
Meteorological Satellite Center to the mean
equivalent black-body temperatures, Tgy, of the
emitting source. These temperatures were then
computer-plotted on a chart by symbols repre-
senting temperature ranges of five degrees
Celsius.

An example of the plotted data and tem-
perature analysis for cyclone Kerry at 1600 GMT
on 16 February 1979 is shown in Fig. 3. As the
main purpose of the Ty analysis was to locate the
positions of the cirrostratus streamers and
cumulonimbi, the isotherms were drawn every
10°C from —45°C to —75°C only. The following
can be noted in this analysis:

(a) Typis lower than —65°C within a distance

of 150 to 200 km from the cyclone centre;

(b) the area immediately around the cyclone
centre colder than —55°C extends to
230 km to the south and southeast of the
cyclone centre;

(c) the area around the cyclone centre colder
than —45°C extends to 175 km to the west
of the centre, to 240 km to the south, and
to about 400 km to the east;

(d) within the area delineated by the —45°C
isotherm there is between 310 and 380 km
southeast of the cyclone centre a long nar-
row band, of —55°C and in places —65°C,
that extends to about 300 km to the north-
east of the cyclone centre;

(e) a similar long narrow band extends from
about 510 km south-southeast of the cyc-
lone centre to about 600 km to the south-
east;

(f) between west and south-southeast of the
cyclone centre the Ty increases rapidly
with increasing distance beyond the —45°C
isotherm.

Other examples of Ty, analyses can be seen in
Fig. 4 which shows the first 23 of the 46 three-
hourly consecutive analyses available. Only the
isotherms are presented in Fig. 4. Copies of the
plotted data and analyses will be gladly forwarded
upon request.

The location of the cyclone centre

As the distance and bearing of the downstream
end of the outer cloudband are to be measured
from the cyclone centre, it is necessary to deter-
mine the position of the latter as accurately as
possible. In the 46 analyses available, the eye was
well-developed in 36 of them and could be deline-
ated by tiny warm spots in a much colder environ-
ment — see Figs 4(1), (m) and (o) to (w). For
five cases it was possible to locate, with
confidence, the centre in the Ty field by the
method suggested by Shimada (1979). For the
five other cases the Ty, gradient in the central
cloud mass was flat, as can be seen in Figs 4(a) to
(c) and (g) and (j), and the location of the cyclone
centre in the Ty, analysis was determined as
follows. The cyclone centres for the five cases
were estimated independently by three
meteorologists from visible and IR cloud imagery
and other conventional data and then plotted

‘together with the other good fixes, as shown in

Fig. 5. A smooth track was then drawn by hand.
The latitude and longitude of the cyclone centre
for each of the five Ty, analyses were then
obtained from the smooth track and then plotted
on the respective Ty analysis.

Interpretation of the Ty field

The interpretation of the Ty field poses a number
of problems. Consider, for example, a large area
in the Ty field, of say 100 km X 300 km, deline-
ated by a —55°C isotherm and having within it a
number of colder elongated patches 10 to 50 km
wide. There is no doubt that because of the size
and of the low Ty, the large area represents the
radiation from a large cirrus sheet. There are,
however, two ways of interpreting the cold
patches. They may be due to cumulonimbi
protruding through the cirrus cloud or to parts in
the cirrus layer that are thicker or have greater
radiative properties than the remaining cirrus
cloud. This ambiguity arises because the cloud
emissivity, which is a function of cloud thickness,
type and concentration of hydrometeors, has not
been taken into consideration when determining
the Tys from the radiance data (Hamada and
Watanabe 1978).

There is also another problem when interpret-
ing the Tgg field associated with anvil cirrus and
cirrostratus streamers, even if these are quasi-
horizontal. These clouds are thickest at their
generating end and thinnest at their dissipating
end. Apart from the effects of the variation in
cloud emissivity, strong black-body ' radiation
from lower-cloud deck or from the sea surface
may pass through the thin and semi-transparent
cirrus to modulate the radiance field and to cause
the thin cirrus to appear warmer than the thicker
parts.
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Figs 4 (a) to (w) Three-hourly Tgy analyses around
tropical cyclone Kerry from 15/1600 to 18/
1200 GMT.

Position of outer cloudband. \

Bearing of downstream end
of outer cloudband.

Scale in km. Scale bars
for (q) and (r) only are 1
shown on the figure.
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Nevertheless, despite the ambiguities that exist
in the interpretation of small cold patches in the
Ty field, it is possible to locate the significant
cloud features from their characteristic properties.

The latter, based on the shape, size and distance
from the cyclone centre, have been well docu-
mented by Lajoie and Nicholls (1974) and Lajoie
(1976), using hundreds of visible satellite cloud
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pictures and radar data. In the next section a sum-
mary of the properties for each significant cloud
feature is given, followed by some general
guidelines for the interpretation of various pat- In the previous studies mentioned above the
terns of the T, field. central cloud mass was defined-as the bright cloud

The central cloud mass
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mass that surrounds the eye or centre of the cloud

vortex and which is about 200 km in diameter.
In the Ty analysis the central cloud mass has

therefore been taken as the area around the cyc-

lone centre, delineated by the coldest or two cold-
est isotherms, and having a diameter of about
200 km. In Fig. 3 the central cloud mass is the
area delineated by the —65°C isotherm.






