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WARM TONGUE STEERING OF TROPICAL CYCLONES
by E-F.Phillips
Divisional Office, Brisbane
(Manuseript received March 1956)

Abstract: R.H.Simpson in his article "On the
Movement of Tropical Cyclones" states that by
using charts of the difference in height be-
tween the 700 mb. and -500,mb. levels (mean
virtual temperature charts), it has been found
that a tongue of warmer, lighter air 1s assoe-
iated with the moving storm. This tongue is -
orientated with its major axis parallel to the
movement of the cyclone. An excellent lag
correlation exigts, such that the orientation -

- of the tongue at any instant usually indlcates
the dlrection of cyclone movement for the
ensuing 24 hour period. It 1s proposed to test
the application of R.H.Simpson's theory to
Australian Tropical Cyclones.

L. INTRIODUC I ‘oN-

The warm tongue steering method was applied to 10 major
tropical cyclones in Queensland and West Australia for the
years from 1950 to 1955. The principal element used in this
analysis was the difference in height of 500 millibar and 700
millibar pressure surfaces. This difference is a function of
the mean virtual temperature, and for convenience is expressed
in feet. In agreement with R.H.Simpson's ideas, it has been
observed from an analysis of temperature fields for this inter
mediate layer that a tongue of warmer air is associated with'
the moving tropical cyclone and extends from 800 to 1200 miles
in advance of the storm. . s

- It appears that the change in thickness for the last 24
hours which may be called a "thickness tendency" gives an
indication of:~

1. changes, if any, infthe orientation of the warm tongue
and so an indication of subsequent cyclone movement, .

2. changes, if any, in the intensity of the warm tongue
and sO an indication of change of cyclone intensity:
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However this change of intensity depends also upon
other conditions in the atmosphere above and below
- this 700 millibar to 500 millibar layer.

(i) It the thickness increases (positive thickness
tendency) along the warm.tongue, the cyclone
should continue to move parallel to this warm
tongue and the cyclone intensify.

(11) If a decrease of thickness (negative thickness
tendency) occurs along a well defined warm -
. tongue, the cyclone should continue moving
parallel to the warm tongue and fill to a cer-
taln extent. _

(1i11) If a decrease in thickness occurs along a warm
tongue that is not well defined then the cyclone
should continue to move in the general direction
of this warm tongue but with a tendency to move .
away from an area of decreasing thickness towards
an area of positive thickness tendency. In .
such a case as this the cyclone should be filling
and changing its direction of movement

2. QISCUSSION OF DATA

The thickness chart is drawn after entering on it the 700
mb to 500 mb thickness values and the 10,000 feet to 20,000
feet wind shears for the appropriate time This information
1s obtained from pilot balloon flights, rawins and raysonde
repofrts from Australia, New Zealand, Macquarie Island, New
. Guinea, New Caledonia, New Hebrides, Fiji, Solomon Islands,
with Amsterdam Island and Canton Island being respectively the.
western and eastern limits. The change in thickness for the
past 24 hours 1s shown in brackets below the thickness wvalue.’
Although this information is rather limited nevertheless it 1s’
believed not to invalidate the procedure. '

: To test the personal interpretation of the drawing of the.
.charts two analysts, analyst A, Mr. R.H.Clarke and analyst B,
myself, have individually determined the- orientation of the
'warm ridge for the synoptic cases analysed.

‘Table 1 is a frequency table showing the difference in
angle between the orientation of the warm tongue as determined
by analysts A. and B. expressed as a percentage of the total
cases.
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TABLE 1
BLTTorencs T Sile Bebiesn et OF  pountage
0 - 20 degrees o 78
20° - 30 degrees | 10
309 - 40 degrees | -9
40° - 50;deérees
greater than 50 degrees | 0

In all cases the difference in orientation of the warm
tongue as drawn by analysts A and B was less than 50 degrees
and in 88% of cases the difference was less than 30 degrees
so the analysis error is such as to not invalidate the use of
Simpson's Rule in‘the Australian area.

3. EXAMPLES

In the examples showing the mean virtual temperature
flelds between 700 millibar and 500 millibar levels in fig-
ures 1 to 10, the orientation of the warm ridge is shown by
the dotted line. The estimated surface position (indicated
by symbol ), estimated intensity in brackets and dates of -
the tropical cyclones are shown on each chart and the cyclone
track for the succeeding 24 hours is indicated by a continuous
" line with arrows. The change in thickness for the last 24 -
‘hours is shown in brackets below the thickness value.

(a) At 0400Z 1/4/55 the 700 millibar to 500 millibar
thickness chart (Fig.I) showed a warm tongue of
air extending westwards to Central Queensland.
This cyclone moved parallel to this warm tongue.

On the 700 millibar to 500 millibar thickness
chart of 0400Z 2/4/55 (Fig. 2) the warm tongue
maintained the same orientation.  The cyclone
continued its westward movement. The slight
decrease 1n thickness in the last twenty-four
hours over Queensland might be connected with
the slight filling which took place.

At 0400% 3/4/55 (Fig. 3) the warm ridge at 700
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to 500 millibars still had the same east west orientatiocn
and had possibly extended further westwards as indlcated "
by the positive thickness tendencies at Garbutt and
Charleville. The cold air over north eastern New
South Wales and south eastern border of Queensland

to Lord Howe Island where there were large negative
thickness tendencies might have prevented the cyclone
recurving. The cyclone continued its westward move-
ment. : ‘

,A big change in the structure of the thermal pattern
was apparent on the 700 millibar to 500 millibar
~thickness chart of 0400Z 4/4/55 (Fig. 4).  The broad
warm tongue was re-orientated to the south where there
‘were small increases of thickness over the northern
waters of New South Wales. Williamtown and Lord
Howe Island had positive thickness tendencies of 50
and 10 feet regpectively. Large negative thickness
tendencies of 170 feet, 90 feet and 70 feet at »
Charleville, Garbutt and Amberley gave very definite
evidence of the change in orientation of the warm

. tongie away from the Queensland coast. The cyclone
subsequently recurved. Thicknesses at Lord Howe
Island and Williamtown are not abnormally large;

this may have indicated that the warm tongue was
weakening. In the 24 hours to 0500%Z 5/4/55 the
cyclone filled 2 millibars.

On the succeeding 700 millibar to 500 millibar thick~-
. ness chart of 04007 5/4/55 (Fig. 5) the weakening
~warm tongue was orientated to the south-south-east.
The cyclone continued to fill and move in this dir-
ection

(b) At 0800z 21/1/52 cyclones were situated on the north-
. west coast of Western Australia and in the southeast.
of the Gulf of Carpentaria..

The thickness pattern of 0700Z 21/1/52 (Fig. 6é) showed
a warm tongue extending from the northwest of Western
"Australia in a general southeasterly direction. Thick-
- ness tendencies were positive along the warm tongue
and the cyclone moved almost parallel to the direction
of this warm tongue.

-The warm rldge over northeast Queensland was diffi-
cult to determine since Garbutt's radiosonde report
was missing but the positive thickness tendencies of -
70 feet and 50 feet at Cloncurry and Charleville
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might have indicated that the warm tongue was
establishing itself in a southwest direction.
This was the approximate direction of movement
of the Queensland cyclone during the next 24
hours. A

The 700 millibar to 500 millibar thickness
pattern of 0700Z 22/1/52 (Fig. 7) showeéd the
warm tongue from Western Australia still extend-
ing in a southeasterly direction; the maximum.
thickness being in the vicinity of Woomera where
the thickness had increased by 110 feet in the
last 24 hours. The warm tongue over Queensland
still maintained the same orientation and had .
éxtended into Central Australia as was indicated
by the positive thickness tendencies of 120 feet
and 80 feet at Cloncurry and Alice Springs. Both
¢yclones continued their movement parallel to
their respective warm tongues.

(¢) On the 700 millibar to 500 millibar thickness.chart
of 0700Z 9/3/50 (Fig. 8) a warm tongue was extending
in a southeasterly direction parallel to the Queens-
land coast. The cyclone moved almost. garallel to
this warm tongue in the 24 hours from 0800z 9/3/50
to 0800z 10/3/50. : ‘

'The 700 millibar to 500 millibar thickness chart of -
07002 10/3/50 (Fig. 9) showed a general increase of
thickness over Queensland in the last 24 hours and
the warm tongue had changed its orientation to east
west. . The cyclone crossed the Queensland coast and
moved in the general direction of the wa, rm tongue.

A further westward extension of the watrm tongue was-

apparent on the 0700z 11/3/50 700 millibar to 500

millibar thickness chart (Fig. 10). . Cloncurry on

de wagm tongue had a positive thickness tendency of
feet:

The agreement betweén warm tongue orientation and
subsequent storm movement is evident. :
| 4. SUIVHJARY
: Altogether a total of 10 cyclones was analysed. Exeluding.

cases where the data was insufficient to draw the thickness
chart, due to. the unserviceabillty of radiosonde stations, a






