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FORECASTING TRACKS OF CYCLONES AND. 24 HOUR PRESSURE
HANGE S STEMS - A S JMMARY OF WORK DONE BY MOLLER-ANNEN,

by Re H.,Clarke
-Central Meteorological Bureau, Melbourne

(Manuscript received 15th November,319§4)

Abstract: The following is a brief summary

of two articles by Dr, H, MUller-aAnnen, of
Hamburg - published in "Annglen der Meteorologie"
1950 and 1952, It is published in the :
cxpectation that the rules and comments will
prove useful in'Australian practice. The
illustrations and text have been transposed

so that they apply wlthout change to the

sout he rn hemisphcre. :

1. FORECASTING GYGLONE TRACKS |

A statistical investigation was made based .
on a study .of 550 cyclones, excluding those which showed
little movement, Numerous similar investigations have
been carriecd out; In this case, special attention was pald
to the 500 mb, surface as well as the surface level,

Many years ago, the rule was estavblished that surface
depressiors tend to move in the direction of the wind on

the warm side, This has been called the "warm air
(abbreviated to W.,A,) rule", and is often valid. However,

the author found many exceptions, and states that "lows

move in certain circumstances wlth the stream in theilr rear,
that i1s, in the direction of flow of the air on the cold side"
This was called the "cold air (C.4.) rule,"”

Some significant stat;stical results follow:

(1) Fi1lling depressions tend to deviate to the left,
that is, to follow an anticyclonically curved
path, while decepening ones tend to deviate
cyclonically, Conversely, those followling an
anticylonically curved path are usually filling,
and those followlng a cyclonically curved path are
deepening. Many however, follow a straight path.
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Comparing the cyclone tracks with the 500 mb,

stream above them showed that 44 per cent

deviated to the left of the upper stresm and

most of them lost intensity; 50% of them deviated

to the right and most of them intensified while only
6 per cent followed the upper stream, all fllllng
somewhat,

A study of the associated twenty four hour
pressure change systems, used in constructing
prognostic charts, showed a tendency, not very i
definlte, for "rise" centres to intensify for
"CoA " Lows and "fall" centres to intensify for
"WeA " lows. In the "C.A." cases there was also
a tendenpy for "fgl1® centres to weaken,

Rules’ for the application of ‘the "C.A." or

"W.A." rule:-

(a) 24 hour surface pressure changes: If the low
lics well witain, or at the centre, of the |
associated 24 hour "fall" area, the"w,A"
rule 1s indicated; if it lies near, or- :
within, the following "rise" area, -the"C. A
rule should be used, .

(b) 24 hour height changes at 500 mbs: If the
surface low lies in the upper "fall" area, . .
the "C.A." rule applies, otherwise the"W.Aa"
rule should be used,

t-..{c) Reference to the 500 mb, chart shows that

" "WeA." movement should be expected when the
upper stream 1s smooth, 'with marked zonal
component, the "Low" 1ying to the east of ad
shallow trough (fig. 1 and 2). The "Co.A."
rule may be used when the upper chart shows
a marked trough (fig,., 3 and 4) with consid-
erable merldional components of flow, In

thls case the surface low lies near the
axis of the trough., Only if the trough is:
markedly diffluent should deepening be
anticipated,
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Fig. 3, "C.A." rule, Fig. 4. "C.A." rule,
Symmetrical trough, ‘ Diffluent trough.
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Fig.‘5q "C,A," rule. :
Long southwest stream .
behlnd trough,. :

In figures 1-5, the full lines represent 500 mbs,
isohypses, Lg indicates the corresponding posdition of

a surface "low", the arrow shows the directionof movement
of the "low", and/-\+ indicates. fllllng, Q- deepening.

(da ) -

(V)

Speed’ and directlon of ‘the upper stfeam (at 500 mb, )
L If" the upper stream i1s similar on the immediate
» . forward and réar sides of the surface depression,

"W,A." behaviour 1s indicated, If the: upper stream

‘on’'the two sides is markedly different, a ~tendency to

"C.A". behaviour should be expected.

ﬁulesifor the directlon of diSplacement of surface
lows™ - .

(a) With a 1ong’swa* y.per stream (500 mbs) the
: . low moves in the directlon of this stream,
slightly deviaved uL the right

!

_Cb): If the low 1ies near arn upper ridge, 1t moves

with tlie stream on the west side of "the ridge,
1.e, generally in an eastsoutheast to south-
southeast direction, ‘

(¢c) If the "low" lies in an upper trough (500 mb)
1t tends to move in the direction of the stream
over 1t at 500 mb, but if the streamin its rear
1s especlally strong it will ceviate somewhat
to the left of the stream over it, that 1s, in
the direction of the stream in its rear,
frequently in an east to northeast direction,
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Using the surface flow as a criterlon, "WsA" lows
tend to move in the direction of tle warm sector
stream, wille "C.A.""lows" tend to move in the
direction of the stream bebind the ¢old front,

Rules for the 24 hour ‘distance of displacement of
subface” lows: - L '

(a)

)

(c)

In the mean C.A, "lows" moved 500 nautical miles
while "W.A." lows moved 880, 1.6, 1,8 times
further, The stream at 500 mbsy in the mean was
stronger over the W,A. lows in the ratio of 1,4
:1, although there was no’ significant differ-
énce at the surface, - Noteworthy also is the
result that, in the mean; "C.i." lows filled

6 mb, in 24 hours while "W.A." lows deepenecd

by 14 mb, No indication of the standard devia-
tions was given, :

Use of the speed of the 500 mbs, wind Ls. mot
.. 'ecommended. = For both groups, 24 ‘hour travel
“increased with increasing 500 mb. wind up to

a certain critical value of the wind, and
decreased with increasing wind thereafter, The
Same. was. found of surface.winds; The critical

"value of the uépér stream was so high, however,

(about 90 kts,) that for most purposes cne’ could
consider that the stronger the wind: aloft:‘the
greater phe 24 hour. travel of a~"low", ..

It 1s claimed that the 24 hour 1000-500 mb,"
thickness change gave useful results, The
positive thickness change centre (i,e, centre
of warming) lies to the left of the future

track of ‘the cyclone, With "C.,aA." "lows" the
"displacement will fall short of the axis of the

warmlng area (fig, 6) while with "y,a," type
"lows". 1t will over=shoot this axls (fig,7);for

; extreme cases, however, it may move parallel

. to this axls (fig, ») L s



Fig. 6. Fig. 7. o Fig.ZB.

In flgures 6-8, the full lines represent isopleths of -

24 hour. 1000~ 500 mb thickness change, the broken

line indicates the axis of the warming area, the

arrow shows the expected displacement of the surface

low Ly. In figure 7, the value of &t + is exception-

ally high, - : o

(d) For "C.a." lows the low tends to lie 24 hours
hence in the centre of thé 24 hour warmlng ares
of the. 600-500 mb layer,

(o) Guilbert- Grossman rule. (Scherhag 1948)

The "low" tends to be dlSplaCGd in 24 hours to the

- next downstream 500 mb, ridge. This applies
especlally to "W.A. lows", although with a broad
double upper trough.underlaln by two surface "lows",
the more westerly "low" frequently moves In 24 hours
up to the position of the other., For less pronounced
CeAo "lows", the rule may hold approximately, but
surface systems which arc- éxtensive or double in
character may faill to move the full distance._
For .very pronounced "C..." .systems (shar upper
trough perhaps with a closed circulation), the
surface "low" moves only'a little: on the
average to a position the locus of which is the
surface 1sobar 10 mb, above. the central value of
the surface "low"; only with exceptionally

. strong gradients can the. dlstance bu a;great as

" that represented by 20 mb . L
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2. FORECASTING THE DISPLACEMENT AND INTENSITY OF 24 HOUR
SURF4CE PRESSURE CHANGE SYSTEMS.

It was found that these systems do not in general
move in the direction of the 500 mb stream over them. The
following sketches illustrate the kind of movement which the
24 hour surface fall areas (Fgy) (figures 9-15) and rise
areas  (Ry) (figures 16-24) should undergo with various
situations aloft, Some of ‘the these models have-been found
qualitatively very useful in the Australiah arca. Here O =
means "fall area intensifying", or "rise area weskening"
and vice versa for O - JFull lines represent
500 mb. contours and the arrow indicates 24 hour displace-
ment .of the surface pressure changé system, W

Some remarks on figures 9-24: The fall and
rise areas in most cases Infensify if they deviate to the
right of the 500 mb, stream, and weaken if they deviate to
the left. Exceptions occur when upper diffluence is pres-
ent, 1n which.case fall areas tend to intensify and rise
areas’ to weaken, whatever thelr path relative to the upper
stream, Rise areas located in an upper ridge also tend -
to weaken rapidly, (or disappeur altogether) despite E
deviation to the right, Figures 23 and 24 show the path.
of a rise centre at right angles to the upper strcam, but
parallel to the stream in its rear, as indicated by the
broken arrows, g ‘ S

One may think of.. R, as having two components,
a "dynamic" component, associated with warm ailr advection
aloft, and a "static" component, of a secondary nature,
due to cold alr advection in the lower levels, and this
applies also, with the necessary changes, to surface
pressure fall areas. Thus Fy, R, are composed primarily
of the "dynamic" effect, modified by the "static" effect,
which results in a displacement of the upper pressure change
areas forward on the surface, With o long smooth upper
stream, in which. the systems move as small perturbations, .
the two effects.act 1n concert, and the rise and fall areas
succeed -one .another in a direction rather closely parallel
to the stream aloft. This is typical of the classical
polar front cycloné series, and-one may confidently expect,
with a ‘quasi-stationary anticyclone, that such a series
will be obsérved,  On the other hand, a strongly curved
upper stream splits the. two components. of pressure change;
a surface pressure rise will then be-the resultant of '
"dynamic" rise aloft, moving in tle .direction of the upper
warm stream, i.e, generally to southeast and "static" rise
near the ground; moving in the direction.of the-surface
cold stream, i.s, generally to northeast,
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Fig.10 (C.A.) Diffluent trough

Fig.l3 (W.i.) Strong ~ \Fig,14 (C.A. and W;A.)

ridge ahead

i
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. Fig. 15 (C.a.)
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Fig.16 (C.4,) Fig.17 (C.A.) Strong ridge

Fig .18 (Mainly
ahead,

W.h,) Diffluent
r .. trough.

~—— T
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Fig.19 (CJA.)

Pig. 21 (W.,A.) Wave
disturbance,
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. Fig, 23 ?‘W.A.)

. -

Fig.. 24 (C.,A, with
Jdiffluent trough),
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Of the two components, 'the "dynamic" is the dominant,
but when the.two are as it were, divorced, both eventually
weaken and disappear under most circumstances,

it for.any reason, one trough of.a series
m.ving along in the westerly winds develops extrag- P
ordinary intensity, the effect of this is felt far down-:

stream as described by Kruhl (1950), and as indicated "
by Rossby's planetary wave the ory, - ‘ C

The first effect is a strengthening of the
warm stream on 1¢s forward side which results ‘in an
intensification of the downstream rise area, both on
the surface and aloft, The next fall area downstreanm
1s then deviated to the left where it temporarily '
intensifies but eventually weakens, so that the ultimste
- effect is the "cutting off" ‘and eventual elimination of
.the next upper trough down stream from the intense one,

"'-This 1s schematically 11lustrated in figures 25-28,

whare the lines represent 500 mb, contours, and Lo
the surface "Low", B AR,
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It should be noted that typical development
along these lines only occurs where the intense triough is
quasi-stationary, and that the end product 1s frequently
a quasi=-stationary frontal zone, or Jet, on the eastern
slde of the intense trough. In this zone, wave disturb-
ances with a period of .the order of one day are the rule,

3. CONCLUSION

The typical behaviour of surface "lows" and
24 hour pressure changes in relation to the 500 mb chart .
should be of interest to all concerned in the construction
of prognostic surface charts, The types outlined adbove are
clearly recognisable in the Australian area, and, although
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the treéﬁﬁéﬁt~iS¢ﬁeéeSsarilywqualitative;““the application
of the rules to 24 hour pressure change areas has been
found frequently to give useful indications,-
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