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THE PROBLEM OF EXTENDED FORLCASTING IN AUSTRALIA

G T oy S. Karelsky . :
(Research. Section, Central Weather Bureau, Melbourne)
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TNTRODUCTION : o =" e o h

o . Theé:main godl of meteorology 1is weather forecasting.
Two distinct methods of approach:can be used for meteorological
investigations, the "e¢limatological' and the "dynamic' approach,
though these'areynotfmutually_exclusive5-and other methods -have
been evolved .partaking in varying degrees of points from each of
the main fields. For example, Bergeron's method of "Dynamic
Climatology! (1932). e : b

Pure climatological method seeks to find by the use
of statistics, correlaticns Dbetween the various meteordlogical
elements and their averages:in tilmey-in their periodic¢ and non-
periodic changes, without reference to the physical connections

between them. ,
: . B L ~ i

The purely dyhémic'approach, on the other hand, relies
very much on these physical relationships. "The process of
forecasting by dynamic methods has peen divided by V. Bjerknes
(1909) .into three main steps:- S

(1) DIAGNOSIS or the investigation and analysis of the-
fields of meteqrological elements (e.g. pressure) at
the present moment of time, and the  physical connections

petween the elements. '

(2) EPIGNOSIS the investigation of the changes which have

*7" 1ed from-an earlier state of such a field to the
present state (e.g. examination of isallobaric fields)
seeking thus to find causes for the present situation.
Most scientific investigations in synoptic meteorology
are "epignostic'. : et

(3) PROGNOSIS the construction of future fields of the
elements, and the most difficult of the three-steps.
For the solution of this problem the forecaster must
_~ have a good diagnosis and epignosis, and must have at
his disposal not only working rules, discovered,
probably empirically, from investigations, into
dynamical processes (i.e. from Epignosis), but
experience or knowledge of past developments similar
to the current situation.
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EXTENDED_PERIOD FORECASTING

The experience of most meteorological services is that
more or less successful forecasts for periods up to 24-36 hours
ahead are possible based on prognostic rules, derived from
modern dyn~mic methods, and that forecasts for more than two
days ahead are occasionally successful when made by experienced
analysts, without definite rules, but based rather on
experience., The lack of rules for extended forecasts is due in
part to the fact that very few investigations have been made
into processes taking longer than 2 to 3 days.

: Nevertheéless many attempts have been made to develop
methods of investigation (i.¢. epignosis) and forrcasting
(prognosis) for periods up to ten days. Some of the mcthods of
€xtended period forecasting developed in the Northern Hemisphere
have: been examined and described by Hogan and Maher (1946).

The methods fall into four main types:-

(1) the "Climato-Dynamic" method of smoothed processes,
that is of 5-10 day averages of different meteoro-
logical elements up to say 10,000 ft, These have

- been much used in the U.S.A. by Rossby, Willett, _
Namias and others, and in Germany by Baur, combined
with the use of analogues.

(2) the pure "Climatological" method, the extrapolation
into the future of curves of the elements by harmonie
analysis, correlation, etc. This is uscd cxtensively

. by climatologists. '

(3)  the "dynoptle-atatistlenlt mothod devised by ‘
Mualtunovsky in Russia, and used there by him in both
the Czarist and Scviet regimes.

(4) the method of "Analogies", used by Lamb in England
‘ and Illiot in the U.S.A.

On examination of these methods. to determine the
possibility of using them in the Southern Hemisphere in general
and Australia in particular it has been found that .

(1)  The synoptic charts for at least half the hemisphere,
' with upper level observations, would be required.
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(2) There are very marked differences bctween proccsses in
the Northern and Southern Hemisphercs, for examples-
‘e 'l' ‘3
(a) Most of the above methods were deve Lloped
for latitudes bctween 40 and 75, while
Australian latitudcs are¢ O - 407~ -

(b) Statistical avcrages of clements in this
rcgion yield littlc of value as proce¢sscs
here arc mostly sinusoidal. )

(¢). There is a big difference in the distribution
of land and sea in the two hemlispheres and
therefore in the distribution of sources of

energy.,

MULTANOVSKY'S COLLLCTIVE. CHARTS

The most promising approach to extend forecasting in
Australia seemed to be the development of a method based on
synoptic charts, and attempts were made to use the Multanovsky
method. In its original form (in Russia) this consisted of

- plotting "collective charts', which showed the concentration
“into different areas, or along different axes, of the positiong
“of anticyclonic centres, cyclonic centres3 rldges and troughs

for some definite phenomena (e.g. drought Multanovaky!'s
inve=tigation showed that in the Turopean sector of the
Northern Hemisphere there are 5 different "axes! along which

_anticyclonic centres proceed, and since action can be the

result of Anticyclonic processes along cnmbinations of two
zxes, there could be at least 9 different types of anti-
cyclonic action, each of which is preceded by a more or less
definite distribution of anticyclonic and cyclonic centres on
the chart for a definite period, and each connected with
definite types of weather in different parts of Russila.
Multanovsky looked for analogues in his collective charts,. and
also, by constructing collective charts for currcnt periods,
found some cmpirlical rules Cor the movement ol contros, dn
particular, establishing the idea of "natural Perlods', which
in his eariier definition are the times taken for areas of
cyclonic centres to be replaced on the collective charts by
areas of anticyclonic centres.  From the collective charts for
natural periods, forecasts for extended periods (4 to 7 days)

were possible. '
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APPLICATION TO AUSTRALIA

' In hustralia, investigastion soon show&d that

(1) The above idez of "natural period" did not apply,
. owing to the fast west-east movement of centres,

(2) Ant¢cyclonlc "axes" are very different from the
: multxplr axcs found in Furope - herc there is only

one axis for each month, and always lying along a
varallel. : : . ' :

" The processes in Australia thus’ depend on the

__EALBQE of moving anticyclones. ALl processés were divided
into three mein typess- .

Type 1 - movement of “nthYCL nes to the north of the.
normal track, or with a nortn€rly -component,

Type 2 - normal, or a little to the south of normal,
~movement . . '

Type @ - movement to the south of'ndrmal,

Furthermore movement of each type can be sub-divided °ccord1m0

to whether there is present a quasistationary blocking dlgh oyey

New Zealand (sub-type b) or not {(sub-type.a)., ..-Thus.th
at least main types of drvelopmentfor each month, but not

necessarily 72 types for the wholr year, as some deveLopmcots
arc common to seviral months.

It was found that if two cases are

‘ comparcd whe 1o
antieyelone moves alomy:s the same

particular Iutitudx, cdtheyp
wlth or withoul o blocklng Wigh over New Zoaloawmd, thire la.
usually a similnr ii“liLbelDH of' eyclones in hurh COTea, O
the abovwve soning . the first "collectlve charts" for Aus trn&%
WO plott«dq one cach for th

Csummer scason (Jh nnnzy) ang
wintcr (July). For thr summcr chart, all cascs with ~Lmllqs
movemeng., of the col over Australia (it is difficult always £

£ind the exact position of an Anticyclone in January) werc
Investigated and the trocks of anticyclonic and cyclonie centres
and cols plottcd on the same chart, as wcll as the successive

positions of a de¢finite point in the pTe Ssure ri¢ld in relatiop

to an untlcyclnnlc centre if the latter is indeterminate, - Most

processes in summer start with the formation of a col betweem =
longitudes 115 and 120, formed as a result of the approach of &

new trough towards DOch—WFStGTD Australia, combined with the
existence of the thermal low over the North-West.
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moves eastwards with a very small north ormsouth;compon@nt, and

the "natural period" of the col is defined as the interval '
between the appearance at about Long 115 of successive cols.

. For 'the winter charts, owing to the absence of the
heat .low; there is no well defined col, butthe positions of :
anticyclones and cyclones can be determined over the continent :
with far more certainty. Winter processes (July) are con-
sidered to begin when a trough or cyclone appears about Long
130? and usually at the same time a new anticyclone or ridge,
moving from the west, forms over the South-west coast of W.A. ]
The '"natural period" for winter processes 15 the interval \

between the appearance at zbout Long 130 of two successive
troughs of cyclones.

c
The mean duration of natural periods for both ¢
January and July is -about 4 days, the range of perinds being ‘f
from ,3¥ to 7 days. In both cdses the natural period is the | -
full ‘wave of a sinusoidal process, but with different phase.

v Collective charts for other months were then con- ‘ﬁ
structed, and it was found that for April, May and June the o
full wave natural period is longer than for January.or July, td
and for some processes a half wave only was taken as the Ly
natural -period, , fg
CIASSIFICATION OF TYPL SLOURNCE. AND USE IN FORICASTING ;gj

T T o A L:

2 THe question then arose, "how can many similar t?f
proégsses be represented by sequencesof charts?!. There - g%“
were several possible methods:- b%

S . . T
;Q':é%1) All cases of similar processes could be iq
v " represented by one most typical sequence 4
o + ~ (used by Lamb and many others). 4 ,
® §2) ALl casés could br represented by ideal charts ‘ o

g (Elliot and collaborators). .
v ‘ ' \
(3) ALl cases could be represented by soquences of . v
collective charts as defined above. - : |
Q:T¥.'@45 All similar cases could be represented by | . ;: |
W sequences of mean isobaric charts, which could B i
o be constructed by either of two methods:- - - e cas
L _ : . s o _ . . ' Durgo
: . Tainf
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(a) Construction. of mean pressurc fields for each
-~ ° synchronous stage of a process by plotting and
o averaging.

the preéssure in ecach 5 degree square.

(b) Construction of mean pressure field by finding
the centres of gravity of arcas with cyclonie
centres, anticyclonic centres,

ridges, troughs
.and cols.  The contours &f this chart should
then be

the most representative contours for the
particular stage of the process,

The mcthod 4(a) was chosen as offering the greatest
possibilitirs, and for ¢ach month about five most representative
cases of cach type of proccss ovir a piricd of 5 to 7 ycars were
selected, and mran pressure fialds constructed for 3 stages of
the process. A summary of the types for certain months has beey
given by Karclsky (1952) in the roncoed paper "The classification
of Australian VWeather Maps into type sequencedn,

Investigation then continurd into me .
type sequences for forecasting the pressure fields 3 to 6 days
ahcad., It was found that in many casc¢s successful forecasts
could be madc by similarity of type scquinces alone. From the
type sequences for the current or neighbouring months the type
and positions most similar to the current ahd prognostic isobarig;
charts are chosen, and the foreccast made e¢ither from the type !
sequence, or preferably by further choosing from the. cata
actual chart seq

lngue of
uences used in the construction of this type,
the most similar process which has nccurred during the past few
Years., Often however simila

arity alone is insufficient” and often
it is difficult to find a similar type. For such casés it would
be helpful to invistigate ' - : - ‘ '

thods of using the

o
o =

(1) Th¢ change with time in the position of th¢ bodndary’ﬁ
line between :ast rlics the #¥.S.L.
charts. . '

- AN i
(2)

mal" types.'

Drviations of the real processcs frofi "nor

(3)

(4) Processes on upper level dharts_,urihg fach type.
For practical use the weather forecast is more : B
necessary than the forecast of pressure fields, and for this
purpose the investigation of the distribution of temperature |
rainfall and winds for cach type is cssential. From a brlefﬁ
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investigation of temperatures and
that in many cas€s
4f the pressure fie

OTHER_USZS

months are
types alsn yleld

(M
(2)
(3)

(4

The

. The mean position and
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rainfall for January it seems
can be successfully foreeast

these elements
correct. !

1§ forecast 1s

the different .

neg for
The mean

FQuences obtail
ther forecasting.

ype s
not only for wea

t
useful
wld:

o = e s =

mean movement (velocity and
scceleration) of lows, highs and cols. . ; }

The mean positions and direction of movement of S

fronts.
as most favourable foT frontogenesis

[t

mean are

The
cvelogenesis. . L
. .' ’

;

t

and
of constructing the ideal general
by dynamical rather than ;

it was shown that - |

The possibility
circulation of the atmosphcre
climatological me thods . Farlier
Bergeron's npynamic Climatology" mc thods could not :
pe guccessfully applied in the Southern HemispheIe, y
put a usciul 2lternative method could be devised
from the nideal pressure sequ@nces”instcad of worke
ing with mcan monthly pre&ssule cherts of a purely
‘climatological characters _ '

a———

CONCLUSION

questions
dynamica

L)

1 methods, the moS

ical

any tneoretical and pract
ting by T

n with extended forecas
tant being:-

In conclusion,
arise 1in connectio
t impor
h the :

Tt is well known that the belt along whic

dynamic highs of Australia move castward, itself
moves north and south with the Sun, and the movement
£ the SOUTCES V

clearly depends on the distribution ©

of encrgys but no
been madeo It would be interesting to seek an

explanation of the extremely northern or scuthern

tracks of anticyclones 1in individual years and ;
months, and 2lso to find a reason for the existence !
or absence of-a blocking high overT New Zealand. . 1

nvestigations have
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(2)  The structure of the movi
intercsting to know *he
moving on th¢ north and
cyclones, and the
properties and the

ng highs. It would be
propertics of the air masscs
the south sides of the anti-
connection between their changing
distribution of sources of encrgy.

" (3) Incorrect forecasts (both short périod and extended)
are very often due to the new devilopmint of eyclones
over Australia, It would be interesting to

investigatc the causcs of ncw devc lopments (a) in
wisterlies (i.eo at sia level) and (b) in casterlics,

(4) .The conditions necces
Antarctic air over t

sary for cold outbrcaks of = fk f
he. Australian continent. o |
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