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SUMMARY 

The nature of a long-range weather forecast is defined. 

The methods which are available are discussed and the 

use which is made of them in Australia. Suggestions 

are made for the setting up of a long-range weather fore 

casting unit in Australia. 
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1. INTRODUCTION. 

Mos t of the mater ia l in this art i c le will be f ami Liar, to m e t e o r o l o -
gists and other sc ient i f i c w o r k e r s . In fac t , no new mater ia l is presented , 
nor doe^ the author c la im to be working in the forecast ing f ie ld . However , 
long-range weather f orecast ing is of interest to m o s t people and any real 
success with it would be of profound importance to the national e c o n o m y . 
It is d i s cussed f r e ç l y by the p r e s s and there are many sel f -appointed weather 
prophets who c la im skill in this di f f icult f i e ld . In fact , it is doubtful whether 
there is a n y other subject w h i c h ^ t t r a c t s so many enthusiastic amateurs and 
pro fessed but unqualified exper ts , each per f o rming to .his .own satisfact ion 
and quoting success fu l examples to prove hi s ski l l , ..but conveniently f o r -
getting his f a i lures . Unfortunately the few triumphs of the a m a t e u r a re 
often ranged against the few fa i lures of the p r o f e s s i o n a l s . It is there fore 
thought that an in f o rmed opinion, couched in re lat ive ly s imple t e r m s . m a y 
serve a worthwhile purpose and enable a better judgment.to be made of. 
the topic . It might a lso be poss ib l e to settle long.exist ing doubts, as to 
whether it is poss ib l e or worthwhile f or Australians to attempt r e s e a r c h 
and to make p r o g r e s s in this subject . Potential avenues of r e s e a r c h are 
descr ibed and may be judged by the r e a d e r . It is with these intentions that 
this brief reyiew of l ong -range weather forecast ing is given. 

It should ^Iso be pointed out that, as well as gathering together this 
material , opinions have been sought f r o m persons act ive in m e t e o r o l o g y 
and assoc iated s c i e n c e s . These opinions have been digested and the views 
expressed here are those f o r m e d f r o m such d i s cuss ions and reading. 

2. WEATHER FORECASTING. 

At this ear ly stage it is as well to cons ider why weather forecast ing 
is such a di f f icult s c i e n c e , or perhaps an art , and why it is subjected to 
more c r i t i c i s m than a lmost any other subject . We might then better ap -
preciate the role of the m e t e o r o l o g i s t and the nature of the f o r e c a s t s which 
he i s s u e s . It is v e r y much, in its favour that weather f o recas t ing i s a c -
cepted by the community as an establ ished technique and considerable funds 
are now applied to its p r a c t i c e . In fact , the national weather s e r v i c e s d e -
vote the l a rger part of their budgets to networks , weather f o r e c a s t s and 
i m p r o v e m e p t in forecast ing methods . 

2.1 Success and Fa i lure . 

In spite of this v e r y cons iderable e f fort and expense , weather f o r e -
casting has achieved only nr>oderate s u c c e s s accord ing to Willett (1951) 
who said that "Prob£(.bly there is no other f ie ld of applied sc ience in which 
so much m o n e y has been spent to e f fect so little real p r o g r e s s as weather 
f o r e c a s t i n g " . F r o m the per f e c t i on i s t ' s standard this may be true, but o c -
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casional f o re cas t fai lures must be set against the many s u c c e s s e s . 
Dec is ions requiring knowledge of future weather have to be made f r e -
quently, and when loss of l i fe or f inancial r isk is involved, an in formed 
opinion, if fol lowed over a per iod , must achieve better results than d i s -
regard of the weather situation. On this cr i ter ion alone the weather s e r -
vice returns immense ly m o r e to the community than is invested in it . 
A l so the increased safety of travel which has resulted f r o m improved 
weather f o recas t s , has proved the value of the Bureau of M e t e o r o l o g y . 

Although the meteoro log i s t is termed an applied sc ientist , he must 
admit that when he attempts weather f orecast ing , he cannot fully express 
the weather p r o c e s s in sc ienti f ic t e r m s , nor can be extrapolate it to the 
future as a pure scientist might expect to do . In weather forecast ing there 
is a strong subjective element which is c l ose ly assoc iated with the f o r e -
cas ter ' s experience and personal skil l , and until it is rep laced by quali -
tative factors will always give uncertainty in predic t ion . Like an engineer, 
the meteoro log is t is faced with the necess i ty of giving a dec i s i on for the 
future on inadequate data and knowledge. However , even granting this, 
his informed opinion is better than nothing, and in the long run proves 
very valuable. As has been mentioned, the many s u c c e s s e s must be set 
against occasional fa i lures . F u r t h e r m o r e , complaints about wrong weather 
forecasts imply that they are usually c o r r e c t . There is no doubt that if 
decis ions involving weather phenomenon are made with the pro fess iona l 
help of a meteoro log is t , greater success is attained or l o s s e s are cut to 
a minimum, particular if these are taken over a per i od . 

In support of this, Pr i es t l ey (1963) states 

"And there are many f ie lds of activity, notably in p r i m a r y industry 
where advance decis ions have to be made in the light of expectations 
for the coming season; 'black or white' predict ions based on even a 
small advantage of probabil i ty , or shade of odds in betting parlance, 
must be better than no information at all provided the odds are 
stated. " 

2 . 2 F o r e c a s t P e r i o d . 

Weather forecast ing a c c u r a c y is related inverse ly both to the length 
of period predicted, and to the prec i s i on with which the future weather is 
descr ibed . As the weather f o recas t is extended in time so the detail that 
can be given about the future weather d e c r e a s e s and the chances of the 
f o recas t being c o r r e c t d iminishes . Thus f o re cas t s of weather a few hours 
ahead are both detailed and success fu l , but if m o r e than a few days are 
attempted they become vague and subject to fa i lure . The increas ing e f » 
f i c iency of the weather serv i ce in forecast ing over the past 10 years is not 
always appreciated as when greater detail and a c c u r a c y are achieved over 
the short term f o re cas t there is a demand for m o r e detail and longer range 
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forecasts with the same degree of a c c u r a c y . P e r s o n s commenting on the 
accuracy of f orecast ing f o r a i r c r a f t during the last war compared with 
today's newspaper f o r e c a s t are making precisely this e r r o r . An a i r c ra f t 
forecast is essential ly of short range over a spec i f ied route and can be 
described p r e c i s e l y . The regional f o r e c a s t published in the p r e s s , c overs 
a much longer per iod of t ime and d e s c r i b e s , as well as poss ib l e , the range 
of weather expected over the per iod in question and over the region which 
may have d iverse physiographic f ea tures . 

2. 3 A c c u r a c y and Ver i f i ca t i on . 

The a c c u r a c y of a f o r e c a s t is mentioned glibly above , but v e r i f i -
cation of any weather f o r e c a s t is not easy . F o r e c a s t s are usually given in 
general terms such as co ld , hot, rainy, (subjective t e r m s ) , and not in 
quantitative t e rms such as temperatures of 70 or 60 d e g r e e s , rainfall of 
1 inch, (object ive t e r m s ) . Where object ive t e rms axe given, ver i f i cat ion 
is easier and nowadays the tendency is to use this technique. A f o r e c a s t 
also descr ibes a number of meteoro l og i ca l e lements , temperature , humidity, 
precipitation and wind, and, although these are in ter - re la ted , the f o r e c a s t 
may be right for some one e lement , but not for the others d e s c r i b e d . 
Also each of the elements var ies with time and over an area . The variations 
of weather within short distances can be remarkably complex and baff l ing. 
The weather is a lso much m o r e changeable in some Latitudes than others . 
All of these fac tors make it di f f icult to desc r ibe the expected weather in an 
area, to ver i fy this against the actual weather and to give an estimate of the 
forecasting a c c u r a c y . F o r e c a s t s which define weather careful ly in time and 
space, part icularly if in object ive t e r m s , can be ver i f ied m o r e easi ly and a 
figure of a c c u r a c y obtained. This , of c o u r s e , d e c r e a s e s as the time interval 
extends. For example , some general ly accepted f igures for a c curacy of 
forecasts are given by Willett (1951) and are repeated h e r e . V e r y short range 
(12 hours) f o recas t s are success fu l 90 to 95% of the t ime. Short range (12-48 
hours) forecast ing a c c u r a c y var ies f r o m 70 to 90%; for 2 to 7 day f o recas ts 
of precipitation, the a c c u r a c y may be little better than 60%. F o r long-range 
forecasts (exceeding 7 days ahead) there is only conjecture , but f o recas ts 
of a month ahead have c la imed 55-60% a c c u r a c y . With the p r o g r e s s made in 
the last 12 years these f igures may now be higher . 

Although the long range f o r e c a s t in general in its termsit must also 
be c lear and easi ly understood. F o r example , attempts have been made to 
verify the unoff ic ial l one -range weather f o recas t s published in the Australian 
press f r o m time to t ime. These e f forts were made diff icult by the need to 
interpret the vague terms used and to find out what weather was predicted to 
occur and in what p l a c e . It was only after such an interpretation was made 
that the f o r e c a s t s could be c o m p a r e d with the weather which did o c c u r . 
In fact, the m o r e vague the f o r e c a s t the eas ier it was to c la im s u c c e s s . 
On some o c cas i ons it was imposs ib le to deduce a definite predict ion . It 
was a lso found that some per iods f o r e c a s t e d , not only overlapped but were 



contradic tory , and so one of them would have to be c o r r e c t . This 
might be c la imed as the m e t e o r o l o g i s t s ' right to change the f o r e c a s t 
because of new weather developments« However , these part i cu lar f o r e -
casts tested gave no better a c c u r a c y than that due to chance . U n f o r -
tunately, there was a tendency to draw attention to those f o r e c a s t s which 
were c o r r e c t and forget those which were not, and use them as evidence 
of c o r r e c t l ong-range weather f o recas t ing . 

One of the most frustrating aspects of l ong - range weather f o r e -
casting is that each of the many methods appear to achieve s o m e s u c c e s s 
at one time or another but none over the whole spec trum of data. It m a y be 
that the experienced f o r e c a s t e r , or weather watcher , intuitively or d e -
l iberate ly se lects per iods to suit his theory or sees a pattern and then 
speculates on the causes . Perhaps a s impl ic i ty is a s sumed in act ion and 
interaction which only shows up in some per i ods when other e f fec ts are in 
phase or dormant . Perhaps , when all the signif icant fac tors are known 
they may be blended to give a comprehens ive s y s t e m . 

Mcintosh (1958) draws attention to the view that there m a y be an 
"unpredicabi l i ty" element in the development of weather s y s t e m s , as is 
now accepted of individual cumulus clouds» This would mean that chances 
are small of increasing the p r e c i s i o n of weather f o r e c a s t s or of extending 
their range except in general t e r m s . Although this may be true of minor 
weather phenomena, it does not apply to large scale changes in the c i r c u l a -
tion and weather pattern and is unnecessar i ly p e s s i m i s t i c . 

The accuracy of weather forecast ing will always be disputed and will 
certainly vary f r o m one year to the next and with l ocat ion . One fact is 
highlighted however , namely , that di f f icult ies in c rease i m m e n s e l y as one 
extends the per iod of f o r e c a s t beyond one week . However , the return which 
long-range weather forecast ing could give the community , with even a low 
degree of a c curacy , i s so high that it should not be lightly d i s c a r d e d . 
The intention is there fore to examine the l ong - range weather f o recas t ing 
p r o b l e m , to d iscuss the c la ims of some systems which purport to be s u c c e s s -
ful, to re fer to other known systems and to a s s e s s the p r o s p e c t s of using 
these success fu l ly in Austral ia . 

2 . 4 The nature of a l ong - range weather f o r e c a s t . 

It fo l lows f r o m above that a l ong - range weather f o r e c a s t wil l be general 
in its t e r m s , and usually c o v e r s a month or a season . It will deman d some 
latitude in respec t of t ime, i . e . the start or f inish of a pred i c ted event cannot 
be p r e c i s e l y given. There will a lso have to be s o m e p e r m i s s i b l e variations 
in the weather over an area although if areas can be def ined where weather 
is homogeneous , these areas will b e c o m e the f o r e c a s t z o n e s . The m o s t i m -

portant element to predic t is prec ip i tat ion, although its random nature in some 
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districts may give doubts as to whether it is a suitable parameter to use 
in the analysi s of part r e c o r d s . Next important may be temperature , 
although as its departures f r o m normal are m o r e systemat ic , perhaps 
definition of the temperature reg ime should p r o c e e d part iculars of the 
precipitation f i e ld . 

Unless the weather fo l lows a very steady seasonal pat tern , as in 
some tropical reg ions , it is not p o s s i b l e , f r o m the v e r y nature of weather 
phenomenon, to give a p r e c i s e f o r e c a s t f or a part icular day some per iod 
ahead. P e r s o n s who attempt p r e c i s i o n f o r e c a s t s on this day to day bas i s , 
weeks, months, or years ahead are deluding themselves and their c l ients . 
It is not sound to extrapolate one ' s knowledge of the c l imatology of a place 
to the year in question and to assume that weather on a part icular day can 
be given a p r e c i s e descr ipt ion . It is presumptuous enough to speculate 
concerning m a j o r weather movements without assuming a knowledge of the 
day to day fluctuations within those m a j o r m o v e m e n t s . Some so called 

long-range weather f o r e c a s t e r s , in doing this f or a f e e , condemn themselves 
and throw doubt on the validity of their methods . 

A s imi lar fa l lacy is to match one ser i es of y e a r s , say using annual 
rainfalls, with another se r i e s of years distant some years away, cal led 
the cyc le , and then to assume that not only do the annual rainfalls match, 
but the sequence of events within individual months or even on particular days 
will match those within the f o r m e r weather per i od . This assumes a s impl i -
city in the fac tors causing weather that does not exist . A popular descr ipt ion 
of the precipitation p r o c e s s much l e ss a sc ienti f ic one, should convince anyone 
of its complicated nature and our ignorance of many facets of it , espec ia l ly 
the initiating mechanism and the imposs ib i l i ty of predicting its o c c u r r e n c e 
at a particular time and p lace , weeks ahead. 

On the other hand, weather shows many broad variations in which 
there may be a pattern: - wet and dry spel ls ; hot and cold per iods ; droughts 
and f l oods . It is rare that a month or season con forms to normal . Fur ther -
more , temperature and precipitation are not unrelated and any long-range 
forecast should consider both e lements . A modest aim is there fore to i n -
dicate whether the coming season or month, is above or below normal . 
Also , wide deviations f r o m the normal weather have profound e f fects and 
there is such great value in warnings of f lood or drought that, to this a im, 
we might add an indication as to whether large departures f r o m normality are 
likely or not. 

The extent and locat ion of the f o r e c a s t area is relevant and must be 
defined. It must a lso be reasonably homogeneous . In defining such areas 
cl imatology can be of ass i s tance . However , bes ides average conditions, 
variability is signif icant. If the weather at a locat ion usually shows large 
variations, f r o m day to day o r , f r o m month to month, then the seasonal 
departures f r o m normal are not as significant as if they o c c u r r e d in locat ions 



of m o r e r e g u l a r c l i m a t e s . I t m a y t h u s be p r e f e r a b l e to u s e the l e s s v a r i a b l e 
d a t a of t h e s e l a t t e r r e g i o n s in l o n g - r a n g e f o r e c a s t i n g r a t h e r t h a n h i g h e r 
v a r i a b l e d a t a . In A u s t r a l i a L o e w e (1948) h a s shown t h a t dat>a f r o m s t a t i o n s 
in t h e f a r n o r t h and f a r sou th a r e l e s s v a r i a b l e t h a n the s t a t i o n s in b e t w e e n , 
a n d t h u s m a y be m o r e s u i t a b l e f o r the t ype of a n a l y s i s we a r e c o n s i d e r i n g . 

A l o n g - r a n g e w e a t h e r f o r e c a s t , t h e r e f o r e , shou ld g ive a g e n e r a l 
e s t i m a t e of p r e c i p i t a t i o n and t e m p e r a t u r e a s a b o v e o r b e l o w n o r m a l , and , , 
p r e f e r a b l y , w h e t h e r m u c h o r l i t t l e a b o v e o r be low a v e r a g e . I t s hou l d 
c o v e r a t l e a s t a m o n t h wi th e x t e n s i o n to the c o m i n g s e a s o n a n d a j p l y to a 
r e a s o n a b l y h o m o g e n e o u s a r e a . T h e s e l i m i a t i o n s a r e a c c e p t e d by t h o s e 
s e r i o u s l y a t t e m p t i n g long r a n g e f o r e c a s t i n g . S u c c e s s m a y be j u d g e d on 
the e x t e n t to wh ich the p r e d i c t i o n s , i n t h e s e t e r m s , a r e r e a l i s e d . M o n t h l y 
f o r e c a s t s of t h i s type h a v e a t t a i n e d a c c u r a c i e s of 60%. by o b j e c t i v e t e s t s . 

I t i s f o r t u n a t e t ha t m a n y p r o f e s s e d l o n g - r a n g e w e a t h e r f o r e c a s t e r s 
give f o r e c a s t s of g r e a t e r p r e c i s i o n and d e t a i l t h a n c a n p o s s i b l y be a c h i e v e d 
f r o m the v e r y n a t u r e of t he p r o b l e m . I t i s s u s p i c i o u s t h a t a c c u r a c i e s 
g r e a t e r t h a n 60% a r e c l a i m e d f o r s u c h f o r e c a s t s a n d , i n v a r i a b l y , on ly a 
f e w c a s e s a r e quo ted in j u s t i f i c a t i o n . F a c t u a l a s s e s s m e n t s of t he a c c u r a c y 
of p u b l i s h e d u n o f f i c i a l l o n g - r a n g e w e a t h e r f o r e c a s t s in A u s t r a l i a h a v e b e e n 
m a d e a t M e l b o u r n e U n i v e r s i t y and the B u r e a u of M e t e o r o l o g y a n d h a v e no t 
c o n f i r m e d the c l a i m s of t he p r o f e s s e d f o r e c a s t e r s . T h e r e s u l t s of t h e t e s t s 
h a v e not b e e n p u b l i s h e d n o r a r e t h e y g e n e r a l l y known to t h e p u b l i c who a r e 
t h e r e f o r e not in a p o s i t i o n to judge the v a l u e of s u c h w o r k . 

F e t t e r s s e n (1964) d r a w s a t t e n t i o n to t h e i m p o r t a n c e of t h e w o r l d w i d e 
a t m o s p h e r i c c i r c u l a t i o n in t he f o r e c a s t i n g p r o b l e m . He s t a t e s t h a t " t h e 
a t m o s p h e r e i s a n open s y s t e m of a t h e r m a l l y a c t i v e s u b s t a n c e w h i c h b e h a v e s 
in r e s p o n s e to i n p u t s of s o l a r e n e r g y and i n t e r a c t i o n s a t t h e e a r t h - a t m o s p h e r e 
i n t e r f a c e . " T h e r e f o r e l o n g - r a n g e w e a t h e r f o r e c a s t i n g in p a r t i c u l a r i s not 
a r e g i o n a l p r o b l e m and m u s t be r e l a t e d to the g loba l c i r c u l a t i o n and t h e e n t i r e 
s y s t e m of p r o c e s s e s wi th in the a t m o s p h e r e . I t f o l l o w s t h a t , a b o v e a v e r a g e 
r a i n f a l l in the w e s t e r l y b e l t , nnight be a s s o c i a t e d w i t h a d r y p e r i o d in the sub-
t r o p i c s . One a i m should t h e r e f o r e be to e s t a b l i s h s a t i s f a c t o r y r e l a t i o n s h i p s 
b e t w e e n the w e a t h e r of d i f f e r e n t l a t i t u d e s . If t h i s w e r e d o n e , l o n g - r a n g e 
f o r e c a s t s f o r one a r e a m i g h t be e x t e n d e d a n d r e l a t e d to m a n y o t h e r a r e a s . 
An i m m e d i a t e i m p l i c a t i o n i s t h a t i n t e r n a t i o n a l c o - o p e r a t i o n i s n e c e s s a r y . 
T h i s i s e m p h a s i s e d in the r e c e n t r e p o r t of t he W o r l d M e t e o r o l o g i c a l O r g a n i s a -
t ion (1961) which s u g g e s t s not only the e x c h a n g e of d a t a , f o r e c a s t t e x t s , and 
s c i e n t i f i c p a p e r s but c a l l s f o r i n t e r n a t i o n a l c o - o r d i n a t i o n i n t h e f u t u r e develop-
m e n t of m e t h o d s . T h e r e i s e v e r y p r o s p e c t t h a t t h i s w i l l be a c h i e v e d . 



3. M E T H O D S IN USE F O R L O N G - R A N G E W E A T H E R F O R E C A S T I N G . 

3.1 I n t r o d u c t i o n . 

A n u m b e r of ex c e l l e n t s u r v e y s of l o n g - r a n g e w e a t h e r f o r e c a s t i n g 
have been w r i t t e n o r p u b l i s h e d by D . H . M c i n t o s h (1957); R . C . S u t c l i f f e 
(1962)J T h e W o r l d M e t e o r o l o g i c a l O r g a n i s a t i o n (1961) and The Amér i ca in 
M e t e o r o l o g i c a l S o c i e t y in the C o m p e n d i u m of M e t e o r o l o g y (1951). F o r 
d e t a i l e d t e c h n i c a l i n f o r m a t i o n on t h e m e t h o d s u n d e r t r i a l the r e a d e r i s r e -
f e r r e d to t h e s e s u r v e y s and m o r e p a r t i c u l a r l y to the r e f e r e n c e s t h e y c o n -
t a i n . A b r i e f s u m m a r y only i s g iven h e r e wi th c o m m e n t s on t h e i r a p p l i c a -
b i l i ty to A u s t r a l i a n c o n d i t i o n s . 

T h e m e t h o d s a r e c o m m o n l y c l a s s i f i e d u n d e r t he fo l lowing t h r e e 
h e a d i n g s f o r c o n v e n i e n c e in d i s c u s s i o n , but t h e y a r e a l l i n t e r r e l a t e d and 
have u l t i m a t e l y a c o m m o n p h y s i c a l b a s i s , a l though t h i s m a y not be obv ious 
a t f i r s t . 

3.11 T h e S y n o p t i c - e m p i r i c a l A p p r o a c h . 

In t h i s m e t h o d s u r f a c e o r u p p e r w e a t h e r m a p s ( s y n o p t i c c h a r t s ) 
m a y be c l a s s i f i e d in to t y p e s , a n a l o g u e s m a y be found , and the 
p r e s e n t p a t t e r n r e l a t e d to the a v e r a g e cond i t ions o r t he g e n e r a l 
c i r c u l a t i o n . 

3.12 ThQ P h y s i c a l - m a t h e m a t i c a l o r N i i m e r i c a l A p p r o a c h . 

T h i s a p p r o a c h a t t e m p t s to d e s c r i b e the p r o c e s s e s of the 
a t m o s p h e r e in t e r m s of m a t h e m a t i c a l e q u a t i o n s a n d , by a p -
p r o x i m a t e m e t h o d s and c o m p u t e r s , to so lve t h e s e e q u a t i o n s . 

3.12 The S t a t i s t i c a l A p p r o a c h . 

In t h i s m e t h o d w e a t h e r da t a i s a n a l y s e d by s t a t i s t i c a l 
t e c h n i q u e s to d e t e c t c o r r e l a t i o n s , c y c l e s , t r e n d s and 
s i n g u l a r i t i e s . 

E a c h of t h e s e wi l l be c o n s i d e r e d in f u r t h e r d e t a i l be low, 

3. 2 The S y n o p t i c - e m p i r i c a l A p p r o a c h . 

S ince the t u r n of t he c e n t u r y , w e a t h e r o r synop t i c c h a r t s 
have b e e n the c l a s s i c tool of the f o r e c a s t e r and a r e u s e d in a l l s h o r t 
r a n g e w e a t h e r f o r e c a s t s . T h e s u r f a c e and u p p e r l e v e l m a p s give a b a s i s 
of e x t r a p o l a t i n g the wind and p r e s s u r e f i e l d s a h e a d f o r abou t tw3 d a y s , 
a n d , and in f a v o u r a b l e c i r c u m s t a n c e s to f i v e d a y s . F r o m the p r e d i c t e d wind 
and p r e s s u r e d i s t r i b u t i o n s the c l o s e l y r e l a t e d w e a t h e r i s f o r e c a s t . 



It is not surpris ing there fore that these synoptic charts should 
be a starting point in l ong - range weather f o recas t ing and that work in 
this f ie ld has been done in m o s t countr ies . The mean patterns , usual ly 
f o r 5 days , of the p r e s s u r e f ie lds over at least a hemisphere a r e ' d e t e r -
mined and types identif ied. The detailed features which m a y be important 
in short range forecast ing are suppressed^ so that the overa l l c i rculat ions 
( " g r o s s - w e t t e r " ) are apparent. By c lass i fy ing these f r o m past r e c o r d s , 
examining their evolution and p e r s i s t e n c e , the present pattern is e x t r a -
polated f o r at least 5 days and up to a month or so ahead. R e s e a r c h has 
shown the existence of so called "natural " c irculat ion reg ions ( f ive in the 
northern hemisphere ) as well as "natural " synoptic per i ods (6 days ) . All ied 
with this is the identif ication of waves and their p e r i o d s . The appearances 
and pers i s tence of anomalies or departures f r o m the usual seasonal 
weather pattern or the general c irculat ion are part i cu lar ly s igni f i cant . 

Some s u c c e s s in this method has been achieved both in Europe and 
the United States where the national m e t e o r o l o g i c a l s e r v i c e s are c o n -
tinuing work on this approach, see (WoM.Oc 1961). This work could be 
extended to give the global circulation but would require i m p r o v e d networks 
and c o - o p e r a t i o n . P r o s p e c t s of this being achieved are exce l l ent . 

In using synoptic charts a short = range weather f o r e c a s t e r seeks to 
reca l l s imi lar past situations and uses them as a help in predict ing weather. 
This is known as the analogue method and is a l so adopted to l ong - range 
weather f o recas t ing . The use of computing machines can rep lace m e m o r y 
and gives a sound basis to such a method. However , it is not easy to d e -
fine our present weather situation by a p r e c i s e m o d e l in three d iment ions , 
with an al lowance f o r season . Measurements of the weather with height is 
a l so comparat ive ly recent ( last 30 years ) which means we have only a very 
l imited length of r e c o r d in which we might find suitable analogues . These 
two fac tors res t r i c t the use of this method. 

The large amount of work which has gone into the synoptic methods 
has not been in vain. Bes ides increas ing our knowledge of the general 
circulation it has enabled f o r e c a s t s of 5 to 30 days to be produced and 
these have had better than m e r e chance s u c c e s s . A conservat ive estimate 
of their success is 60% and there is further potential.. It demands , however , 
considerable staff and analysis on a hemispher i c b a s i s . Most work so far 
has been done in the northern h e m i s p h e r e . Because of the greater p r o p o r -
tion of sea to land and the absence of marked topography in the region of the 
wester ly air f low in the southern h e m i s p h e r e , it is l ike ly that here a m o r e 
regular pattern may be maintained and anomal ies and variat ions eas ie r 
to separate . Against this the large expanse of southern ocean and lack of 
settlement gives far l e s s data than is available in the northern h e m i s p h e r e . 
With the establishment of observing points in the Antarc t i c , Austral ia is 
a lready taking a hand in investigations of the southern c i r cu la t i on . 
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It is as well to note that the use of the synoptic chart at the turn of 
the twentieth century changed the whole emphasis of meteorology. Many 
natural scientists at this time were showing interest i n the periodicity of 
weather phenomena and relating it to extra-terrestrial influences but, 
with the setting up of synoptic networks , weather science was dominated 
for the next fifty years by synoptic meteorology. Some forecasters still 
tend to explain weather in terms of isobars instead of the processes leading 
to the pressure changes and variations and have made meteorology a tech-
nology with its own particular jargon and techniques instead of a basic 
natural science of interest to all scientists. In some ways, therefore , 
synoptic meteorology may have held up advances in other avenues over 
the f irst half of this century. However, the general upsurge in research 
into space and other fields since the war has stimialated thought into the 
more fundamental processes and in recent years meteorology has been 
pursued on a much broader front. 

3. 3 The numerical or physical-mathematical approach. 

It is a common technique in science to express physical processes 
in terms of mathematical equations which the scientists hope to solve. 
Attempts have been made to apply this method to the processes within the 
atmosphere and, with time as a variable, solve such equations to give 
weather forecasts . This sounds deceptively simple, but involves very 
great diff iculties. 

Unfortunately the fundamental processes within the atmosphere are 
not fully understood or measured. Simplified models can be set up to 
describe these processes but omit important factors or require data which 
are not measured to the required accuracy nor are possessed of any length 
of record . Such omissions and limitations become more serious for the 
extended periods of long-range weather forecasting. 

The use of the most simplified models gives equations which are too 
complex for complete solution. High speed computers now permit approxi-
mate numerical methods to be used and it is possible by starting f rom some 
initial condition to obtain estimates at some time ahead f rom the equations. 
Over short periods some success has been achieved in this field of numerical 
weather forecasting. 

At the present time these simple models and the derived equations do 
not d e s c r i b e the atmospheric processes well enough; nor are the solutions 
sufficiently prec ise to make this a worth while method of long-range weather 
forecasting. However, our knowledge of the fundamental processes is ad-
vancing as is our capacity to handle more complicated mathematical ex -
press ions . There are prospects that soon, the atmospheric field of motion 
may be more adequately described and extrapolated so that successful long-
range forecasts may be achieved. As with the synoptic approach, the 
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current work is greatly increasing our knowledge of the general circula-

tion or the atmosphere and, on this ground alone, merits continued study. 

The approach is considered very promising although no figures of 

accuracy are as yet available. The emphasis on space research, satellites, 

and rockets during the last decade is giving more data and is acquainting 

more scientists with the physics of the atmosphere. Under such condi-

tions progress in this field can be expected. 

3 . 4 The statistical approach. 

The fundamental processes of the atmosphere and their relationship 

to the incoming and outgoing radiation are difficult.to express in precise 

terms as has been explained above. However, this has not hindered the 

collection of extensive meteorological data which has been done, in a 

quantitative form, for about 200 years, and in a qualitative way , from 

historical records, for several thousands of years. These statistical 

data form the bases for much scientific research irrespective of the fac-

tors which have caused these changes. 

F r o m earliest times, besides observing nature and measuring its 

phenomena m a n has tried to see a pattern or plan behind its vagaries. 

Early in history, the planetary bodies conformed to his notions of regular-

ity and he worked out and predicted their movements and interactions. 

It was a logical approach to extend these ideas to the variations of weather 

and attempt to forecast it in a similar way to the movement of the heavenly 

bodies. There is no doubt that connections exist but whether these can be 

established and used is not so certain. In the long-range weather fore-

casting problem, therefore, one of the earliest and simplest approaches 

was to examine the mass of data which had been collected and, with no 

deep regard for the processes which caused them, to attempt to deduce 

trends, cycles, patterns, correlations and connections. This is termed 

the statistical approach and has interested invididuals of varied talents 

and professions besides the official forecasters and government organisa-

tions . 

Data have been analysed in many different ways. These have varied 

from the simple plotting of the data and visual deductions of relationships 

and patterns to extensive modern statistical techniques such as time series, 

auto correlation, Fourier analysis, theory of extreme values, Monte Carlo 

methods and spectra analysis. 

There are two necessary steps in statistical analysis. Firstly the 

selection of the parameters which are to be analysed and secondly the 

statistical techniques to be used. 

The commonest parameter to select is that of rainfall, although 
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t e m p e r a t u r e and p r e s s u r e a r e a l s o f r e q u e n t l y u s e d . It i s a p p a r e n t 
i m m e d i a t e l y t h a t t h e s e p a r a m e t e r s m a y not show the s a m e v a r i a t i o n a t 
d i f f e r e n t l o c a t i o n s . In f a c t , h i g h o r a b o v e a v e r a g e r a i n f a l l a t one s t a t i o n 
m i g h t q u i t e e a s i l y be a s s o c i a t e d w i t h low o r be low a v e r a g e r a i n f a l l i n o t h e r 
l a t i t u d e s o r l o n g i t u d e s . F o r t h i s r e a s o n t h e s e l e c t i o n of a p a r a m e t e r to 
m e a s u r e t h e g e n e r a l a t m o s p h e r i c c i r c u l a t i o n i s m o r e a p p r o p r i a t e and so t h e 
pos i t i on and i n t e n s i t y of t h e h i g h p r e s s u r e o r a n t i c y c l o n i c s y s t e m s , o r c o n -
v e r s e l y , t h e low p r e s s u r e s y s t e m s h a v e b e e n u s e d a s a p p r o p r i a t e p a r a m e t e r s 
by m a n y w o r k e r s . T h e i n w a r d , o u t w a r d o r n e t t r a d i a t i o n m i g h t a l s o be 
log ica l e l e m e n t s to u s e in a n a l y s i s but u n f o r t u n a t e l y such d a t a h a s not b e e n 
co l l e c t ed f o r a long p e r i o d n o r a t a s u f f i c i e n t n u m b e r of s t a t i o n s . 

S t a t i s t i c a l t e c h n i q u e s a r e n u m e r o u s . T h e b e s t k n o w n i s t h a t of c y c l e s 
or p e r i o d i c i t i e s and w o r k v a r y i n g f r o m s i m p l e g r a p h s to c o m p l i c a t e d c o m p u t e r 
p r o g r a m m e s h a v e r e v e a l e d m a n y c y c l e s . In f a c t so m a n y c y c l e s h a v e b e e n 
r e v e a l e d t h a t a l m o s t a n y p e r i o d m a y be shown p r o v i d e d t h e r e i s t o l e r a n c e i n 
f i t t ing and s e l e c t i o n of d a t a . T h i s i s c o n f u s i n g a n d l e a d s to se l f d e c e p t i o n . 
Again t h e t e c h n i q u e of u s i n g r u n n i n g m e a n s m a y show c e r t a i n t r e n d s and 
c y c l e s , but a l s o c o n c e a l s t he v a r i a t i o n of t h e y e a r s c o m p r i s i n g the r u n n i n g 
m e a n . It i s a l s o o b v i o u s t h a t s o m e of t h e c y c l e s d e m o n s t r a t e d m a y f i t one o r two 
s e t s of d a t a but c a n n o t be f i t t e d to a l l t he d a t a wi th c o n f i d e n c e . M a i n l y on t h e 
b a s i s of t he c o i n c i d e n c e of two s e t s of 34 y e a r s of rainfg-l l r e c o r d s , In igo 
Jones c o n c l u d e d t h a t h e h a d d i s c o v e r e d a b a s i c c y c l e but b e c a u s e t h e who le 
s e r i e s of y e a r s do no t f i t i n to t h i s cyc l e one m u s t c o n c l u d e t h a t i t w a s m e r e l y 
a c o i n c i d e n c e . Any s u c h w o r k to be a c c e p t e d should be b a s e d on v a l i d s t a t i s -
t i ca l m e t h o d s . T h i s wou ld e l i m i n a t e m o s t of the m a t h e m a t i c a l e x ; e r c i s e s of 
a m a t e u r s . 

M a n y w o r k e r s h a v e a l s o a t t e m p t e d to a s s o c i a t e a n y d i s c o v e r e d p e r i o d i -
c i t i e s wi th s o l a r a c t i v i t y o r p l a n e t a r y m o t i o n s . F o r e x a m p l e , the s u n s p o t 
v a r i a t i o n i s k n o w n and a s s o c i a t e d wi th w e a t h e r p h e n o m e n o n and r e l a t i o n s h i p s 
have b e e n e s t a b l i s h e d . T h i s d o e s no t a s s i s t t he f o r e c a s t p r o b l e m g r e a t l y 
u n l e s s we a r e in a p o s i t i o n to f o r e c a s t v a r i a t i o n s in s o l a r a c t i v i t y o r the s u n s p o t 
c y c l e . A l s o , the i n f l u e n c e of t h e p l a n e t s and m o o n on the s o l a r ou tpu t o r b a l a n c e 
h a s not b e e n e s t a b l i s h e d " a p r i o r i " a l t h o u g h s t a t i s t i c a l t e s t s h a v e found s i m i l a r 
p e r i o d s in t h e s e to the w e a t h e r . T h i s i s not s u f f i c i e n t to l ink t h e two p h e n o n m e n a 
and f u r t h e r m e a s u r e m e n t s and a n a l y s e s m u s t be done b e f o r e a n y r e a l r e l a t i o n s h i p 
m a y b e c l a i m e d or. u s e d . 

C o r r e l a t i o n i s a n o t h e r s t a t i s t i c a l t e c h n i q u e w h i c h h a s i n t e r e s t e d w e a t h e r 
f o r e c a s t e r s . In p a r t i c u l a r l a g c o r r e l a t i o n s h a v e b e e n u s e d wi th s o m e l i m i t e d 
s u c c e s s a s i s e v i d e n c e d in t h e w o r k of W a l k e r (1930). G r a n t (1956) , h o w e v e r , 
conc luded t h a t t h e c o r r e l a t i o n c o e f f i c i e n t s w e r e no t s u f f i c i e n t l y h i g h f o r p r a c -
t i c a l u s e . In f a c t t h i s e x t e n s i v e s t a t i s t i c a l w o r k a t M e l b o u r n e U n i v e r s i t y on 
l o n g - r a n g e w e a t h e r f o r e c a s t i n g h a d n e g a t i v e r e s u l t s and i t w a s s t a t e d t h a t " t h e 
o b s e r v e d c o r r e l a t i o n s t h e m s e l v e s p r o v i d e no e v i d e n c e f o r the e x i s t e n c e of r e a l 
c o r r e l a t i o n s of u s e f u l m a g n i t u d e " . 



Recent work by P r i e s t l e y (1962), using assoc ia t i on c o e f f i c i e n t s , 
show that p r o g r e s s in this f ield is possible, , A ful ly c o - o rd inated appli = 
cation of these methods to other Austral ian data, using punch cards and 
computers should be well worth the e f f o r t . 

Assoc ia ted with the synoptic approach one can use stat ist ics to 
analyse many of the anomal ies and singularit ies which show up over 
wide a r e a s . Anomal ies in temperature and rainfall m a y be fitted into 
a pattern useful to f o r e c a s t e r s part i cu lar ly in the medium range f i e ld . 
The coming of the monsoon in North Austral ia and the breaks of the" ^ 
season in southern Austral ia might , if examined stat ist ica l ly , give 
c o r re la t i ons , cyc l es or s e r i e s . 

Some very useful work has been done on c l imat ic change. It is 
di f f icult to attribute causes to such changes but the statist ics of K r a u s , 
Brooks and L a m b show that c l imat ic changes have o c c u r r e d . If these 
trends can be assoc iated with other physical phenomena they might be 
used in l ong - range f o recas t ing . 

So f a r , however , e f f or ts have been concentrated on detecting the 
trends and theorising on the c a u s e s . More posit ive ver i f i ca t ion of 
the causes and establ ishment of valid relationships are n e c e s s a r y be fore 
such methods are usi 

In the statistical approach we are watching even l e s s than the 
shadows on the wal l . We require further knowledge of the nature and 
intensity of the extra terres t r ia l radiation and its interact ion with the 
earth and its a tmosphere . Changes in radiation might be. l inked with 
the upper c irculat ion and the general ( lower) c i rculat ion of the atmosphere 
but m o r e spec i f i c information and measurements of these are requ i red . 
Such r e s e a r c h can be i m m e n s e l y expensive as is evident f r o m the present 
United States and Russian space p r o g r a m m e s which are producing some of 
the des i red in format ion . This data should be ful ly exploited in m e t e o r o = 
log ica l r e s e a r c h and Austral ia should be working in this f i e l d . Austral ia 
may not be in a posit ion to initiate an elaborate p r o g r a m m e of r o c k e t r y 
or satellite r e s e a r c h but it has fac i l i t ies at the Long=-rangi 
R e s e a r c h Establishment and in G. S . I . R„ O. , par t i cu lar ly in 
of R a d i o - P h y s i c s and Meteoro log i ca l ==Physics to make s o m e impact .on,the 
p r o b l e m . Financial ass is tance in these f ie lds should be wel l worth while . 
This should not only add to fundamental knowledge but help with long--
range weather forecast ing p r o b l e m s . As mentioned e a r l i e r Austra l ia ' s 
posit ion in the general c irculat ion of the southern Hemisphere m a y make 
this prob lem m o r e amenable to solution here than at other p laces in the 
wor ld . 
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One advantage of statistical methods is that an individual using 
published meteoro log ica l data, and mathematical skill can do some 
work on the problem in his spare t ime. In other ways this is a d i s -
advantage in that we have enthusiastic amateurs 'd i scover ing ' ' cyc les 
and correlations which may apply for one set of data but not for others . 
Their work does not stand up to the stringent tests of modern statistics. 
There is a need for a strong statistical section in a long-range weather 
forecasting pro ject so that many of these " d i s c o v e r i e s " can be examined 
and proved or disproved. For example a sound scientif ic analysis of 
the so called "Inigo Jones cyc l e " should be made and published. It 
would enable both professional men and laymen to see the weaknesses 
and failures of the system or its strengths and accurac ies . 

The punch carding of meteoro log ica l data and the use of sorting 
machines and computors should enable a very thorough statistical 
analysis to be done with a minimum of labour and should be put in hand. 
It should also be possible to bring statistical methods into the other 
methods of long-range forecasting and strengthen all of them. 

It is impress ive that statistical methods have attracted the attention 
of so many distinguished scientists . This indicates that their considerable 
experience and ability have discerned some connections and that further 
effort is mer i ted . 

4. LONG-RANGE WEATHER FORECASTING IN AUSTRALIA. 

4.1 Introduction. 

The considerable variability of Australian weather was obvious and 
pointed out by the early observers and it is not surprising that attempts 
were made to fit patterns into these variations. As these observations 
were generally made under the supervision of the astronomical observa -
tories it also fol lows that this early work was statistical and related to 
planetary, movements . Some interesting coincidences were observed by 
Russell (1896) who correlated droughts with the lunar cycle of 18-19 years . 
Although no great success was achieved in prediction this was followed up 
by Jensen (1956) and anticipated the recent work by the Division of Radio -
P h y s i c s of C . S . I . R . O . on lunar influences. 

It is unfortunate that l i t t le has appeared on long-range weather 
forecasting in Australian scientif ic journals until somewhat recently. 
A paper by Radok (1953) descr ibes the position well , but it is not readily 
available. The Commonwealth Governmental committees which were set 
up to look into the subject also did not publish their findings and accordingly 
left it very much "up in the a i r " and open to false claims of success and 
newspaper inaccurac ies . 



It has t h e r e f o r e been n e c e s s a r y to d i s c u s s m u c h of the Austra l ian 
w o r k with the p e r s o n s c oncerned and although c l ear statements in 
s c i ent i f i c t e r m s could be obtained f r o m the w o r k e r s in the g o v e r n m e n t 
organisat ions and un ivers i t i e s , the s a m e could not be said of the o thers . 
Any worthwhile system must obv ious ly be capable of explanation and 
adoption by others to give s imi lar r e s u l t s . F r o m these d i s c u s s i o n s an 
interpretat ion of the methods is given and an a s s e s s m e n t of the s u c c e s s 
which has been ach ieved . 

4 , 2 The S y n o p t i c - e m p i r i c a l a p p r o a c h . 

In the United States and Europe the synoptic e m p i r i c a l approach 
has been used with s o m e s u c c e s s by NamiaSj Baur , Multanovsky and 
many o thers . F o r extending the range of p resent f o r e c a s t s to beyond 
5 days and up to 30 days it has merit and uses r e cent weather i n f o r m a t i o n . 
Special wor ld wide data ( c l imate r e p o r t s ) extend the s cope of these i n -
vest igations which are best undertaken by the national m e t e o r o l o g i c a l bureau. 

On a v e r y l imited scale^ in Aust ra l ia , work in this f ie ld is being done 
by K a r e l s k y (1961). He has determined the " a n t i c y c l o n i c i t y " and the "cyc lonic i ty" 
or "the t ime in hours during which ant i cyc lon ic o r c y c l o n i c c ent res o c cupy 
a given 5 square during a given per i od (4=5 d a y s , Vz month , 1 month , 
season o r y e a r ) . " By r e f e r r i n g these current values to a v e r a g e conditions 
he has prepared 30 day f o r e c a s t s which have had about 60% s u c c e s s . A s 
this work has been done by one man only it is c red i tab le and should be carr ied 
further with m o r e staf f . Its weakness is that l ittle account is taken o f upper 
a i r data and approx imate ly one eighth of the southern h e m i s p h e r e i s c o n -
s i d e r e d . Over a wider a r e a , p r e f e r a b l y wor ld wide and with upper a i r data 
in addition to sur face data, still m o r e useful f o r e c a s t s might be i s s u e d . 

Any l o n g - r a n g e weather f o r e c a s t i n g invest igat ion in Austra l ia on the 
synoptic method should entail the global c i r cu lat ion as Aust ra l ia is 
located in the subtropics and is inf luenced by a ir currents f r o m both h e m i - . 
s p h e r e s . In higher latitudes the w e s t e r l y f l ow m a y be the dominant contro l 
but this is not so near the equator where there are regu lar i n c u r s i o n s of 
northern hemisphere a ir into Aust ra l ia . 

4 . 3 P h y s i c a l - m a t h e m a t i c a l a p p r o a c h . 

In Austral ia little sys temat i c work is p r o c e e d i n g on the p h y s i c a l -
mathematica l approach , although there are many individuals interested 
in the phys i cs and mathemat i cs involved and have given c o n s i d e r a b l e thought 
to aspects of the p r o b l e m . In the southern h e m i s p h e r e the atm.ospherical 
c i rculat ion is re lat ive ly unimpeded by m a j o r land m a s s e s or high mountain 
ranges , and the circulation pattern could be somewhat s i m p l e r than in the 
northern h e m i s p h e r e . This suggests it m a y be wel l worth while exploring 
this f ie ld in Austra l ia f o r it is not r igidly separated f r o m the other methods 
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which are being t r ied . The lack of detailed observ ing points in the 
Southern Hemisphere is of c o u r s e an adverse feature . There is m e r i t 
however in further emphasis on the phys i ca l -mathemat i ca l approach f o r 
the purpose of theoret i ca l training and f o r pract i ca l extension to f o r e -
casting, Appl icat ion to shorter range forecast ing is the f i r s t step but 
with inc reased exper i ence and knowledge the per iods might be extended 
with prospec t s of ult imately using the method for long range weather 
f orecast ing . 

Those fami l iar with synoptic charts in the Austral ian region would 
agree that p r e s s u r e sys tems can be remarkably constant over long p e r i o d s . 
Also on the d i f ferent o c c a s i o n s but at the same t ime of year these p r e s s u r e 
systems do d i f f e r s igni f icantly , indicating that there are cons iderable 
changes in the c irculat ion pattern. This gives hope of finding reasons f o r 
the changes and using them as means of forecast ing the future c i rcu lat ion . 

Radok (1953) makes suggestions as to "the prognos is of t ime space 
^Circulation patterns" but cons iders a physical approach in which m o r e data s 
especial ly f o r the upper l e v e l s j would be n e c e s s a r y . The strong interest 
however at Melbourne University and the Divis ion of Meteoro log i ca l P h y s i c s 
in the general c irculat ion indicates that any Austral ian forecast ing unit would 
secure support and ass i s tance f r o m them in this method. 

As ear l i e r pointed out, this technique cannot be separated f r o m the 
otherSs in fac t , a m o r e thorough understanding of the mathematics and 
physics of the atmosphere is n e c e s s a r y f o r a full appreciat ion of the other 
techniques which must ult imately re ly on a physical bas i s , 

4 . 4 The statistical approach . 

Much weather data are readi ly available in publications and it is not 
difficult to apply some mathematical techniques to them. Consequently the 
statistical approach to l ong - range weather forecast ing has attracted many 
workers and has been a fruitful source of r e s e a r c h for individuals, both p r o -
fess ionals and amateurs . It is interesting to note the number of prominent 
sc ient ists , not all being meteoro l og i s t s » who have b e c o m e interested in l o n g -
range weather forecast ing^ a lmost as a hobby. Added to this are the hosts 
of enthusiasts who spend their spare t ime attempting to fit a system into the 
d iverse weather patterns . It m a y be as innocent a past ime as j i g saw puzzles 
but can mis l ead its adherents as a chance coincident of a pattern may be 
translated as a recurr ing event» 

There was an ear ly interest in l ong - range weather f orecast ing in 
Austral ia . The work of H , C , Russe l l (1896, 1901) on the m o o n ' s e f f ec t on 
weather was novel and is acquiring new s igni f icance now in the light of the 
recent works of Adder ly E . E . (1963) Bigg (1963) and Bowen E ,G , (1963 ) 
on lunar inf luences on physical phenomena. 



A t the turn of the century W r a g g e in Q u e e n s l a n d was i n t e r e s t e d in 
l o n g - r a n g e weather f o r e c a s t i n g and h i s i n s p i r a t i o n and w o r k w e r e c a r r i e d 
on at C r o h a m h u r s t by Inigo Jones who b e c a m e a notable p u b l i c f i g u r e . 
T h e r e i s no doubt that J o n e s ' e x c e p t i o n a l p e r s o n a l i t y a ided and abet ted 
by n e w s p a p e r s m o r e i n t e r e s t e d in a good s t o r y r a t h e r than truth , set up 
a myth of s u c c e s s f u l long range weather f o r e c a s t i n g which w a s not s u p -
p o r t e d by factj, and which could have r e t a r d e d s e r i o u s a d v a n c e s in the 
f i e l d . 

In attempts to v e r i f y o r deny the c l a i m s of Inigo J o n e s , there w e r e 
set up at l e a s t three c o m m i t t e e s c o m p r i s i n g p r o m i n e n t s c i e n t i s t s . 
None of the r e p o r t s of these c o m m i t t e e s w e r e m a d e p u b l i c . One can only 
c onc lu de that they w e r e u n f a v o u r a b l e , 

A l o n g - r a n g e f o r e c a s t i n g T r u s t was set up to a s s i s t with the f inancing 
of Inigo J o n e s ' w o r k , but has now been d i s s o l v e d . A s w e l l a s m o n e y it 
p r o v i d e d staff to Jones who e i ther did not f ind the ir t e c h n i c a l o r p e r s o n a l 
qual i t ies s a t i s f a c t o r y o r d i s i l l u s i o n e d them to the extent that they did not -
continue work ing with h i m . 

D r . H . I . J e n s e n of Caboo l ture was r e s e a r c h d i r e c t o r of the T r u s t 
f o r s o m e y e a r s and examined the m e t h o d s and w r o t e a p a p e r (1956 unpub-
l i shed) which i s p r o b a b l y the best factual s u m m a r y of t h e m . He states that 
through the hundreds of t es ts which he m a d e of e a c h of the c y c l e s " a l l were 
found quite u n s a t i s f a c t o r y " . He c o n s i d e r s that s e a s o n a l f o r e c a s t i n g on 
s c i e n t i f i c l ines i s p o s s i b l e and ca l l s f o r " a bureau with t h r e e o r m o r e 
s c i en t i s t s co l laborat ing to study p l a n e t a r y m o v e m e n t s , sunspots and other 
s o l a r and lunar phenomena and p e r i o d s , c o n t e m p o r a r y m e t e o r o l o g y of 
o ther par ts of the w o r l d , changes of o c e a n l e v e l and c u r r e n t s and m a n y 
other m a t t e r s " . 

The Bureau of M e t e o r o l o g y a l s o sent a m e t e o r o l o g i s t to C r o h a m h u r s t . 
in 1953 to e x a m i n e the m e t h o d s . His r e p o r t a l s o has not b e e n r e l e a s e d but 
it should be noted that he did not continue with the w o r k , n o r has the Bureau 
adopted any of J o n e s ' m e t h o d s . 

Although D r . J e n s e n ' s paper is the bes t fac tua l s u m m a r y .of c y c l i c 
in f luences on weather and the w o r k of J o n e s , the C r o h a m h u r s t o b s e r v a t o r y 
a l s o has had n u m e r o u s publ i cat ions which it p r o v i d e d to s u b s c r i b e r s . 
T h e s e publ i cat ions contained s tat i s t i ca l data obta ined f r o m the Bureau of 
M e t e o r o l o g y and w e r e use fu l in a s s e s s i n g c l i m a t e . The d e s c r i p t i v e mater ia l 
ment i ons c y c l e s ch i e f l y the B r u c k n e r , of about 35 y e a r s , a l though a Double 
B r u c k n e r of 71 y e a r s was apparent ly the one that In igo Jones found m o s t 
s a t i s f a c t o r y . He c l a i m s to have v e r i f i e d this p e r i o d f r o m B r i s b a n e rainfal l 
r e c o r d s and attr ibutes the var ia t i ons to p lane tary m o v e m e n t s c h i e f l y those 
of Jupiter with an orb i ta l p e r i o d 11.9 y e a r s (one th ird the B r u c k n e r p e r i o d ) . 



Sunspot a c t i v i t y i s a l s o r e l a t e d to t h e s e m o v e m e n t s and i s o b s e r v e d and 
used a s a f o r e c a s t i n g a i d . Inigo J o n e s ' p h y s i c a l r e a s o n i n g i s t h e o r e t i c a l 
only and i s not s u p p o r t e d by da ta and cannot be a c c e p t e d by m o d e r n 
p h y s i c i s t s . The s t a t i s t i c a l t e c h n i q u e s u s e d a r e c r u d e and show c o i n -
c idences a t c e r t a i n p e r i o d s but not a t o t h e r s . 

It i s p o s s i b l e tha t t h e r e i s a r e l a t i o n s h i p be tween s o l a r and p l a n e t a r y 
m o v e m e n t s and the w e a t h e r , but th i s wi l l have to be e s t a b l i s h e d with b e t t e r 
s t a t i s t i c a l m e t h o d s and s u p p o r t e d by sound p h y s i c a l t h e o r y . Th i s m a y 
involve new m e a s u r e m e n t s . The o v e r o p t i m i s t i c c l a i m s and unfounded 
s t a t e m e n t s tha t have been m a d e f r o m C r o h a m h u r s t h o w e v e r , v e r g e on 
s e l f - d e c e p t i o n , t e s t the p a t i e n c e of s c i e n t i s t s and b r ing long r a n g e f o r e -
cas t ing in to d i s r e p u t e . 

The w o r k of Inigo J o n e s i s be ing c a r r i e d on at the p resen t - t i m e by 
M r . Lennox Walke r who e m p h a s i z e s s u n s p o t s which he o b s e r v e s r e g u l a r l y 
and u s e s a s the b a s i s of h i s f o r e c a s t s . T h e s e f o r e c a s t s have not p r o v é d 
any m o r e a c c u r a t e than t h o s e of h i s p r e d e c e s s o r s . A m o r e ba l anced v iew 
of l o n g - r a n g e w e a t h e r f o r e c a s t i n g m a y have been a c q u i r e d by the pub l i c 
if the r e p o r t s on the a c t i v i t i e s of the C r o h a m h u r s t O b s e r v a t o r y had been 
pub l i shed . The pub l i shed m a t t e r ava i l ab l e to m e f r o m th i s i n s t i t u t i o n 
was found n e i t h e r s c i e n t i f i c no r a c c u r a t e . 

Among o t h e r people who have been i n t e r e s t e d in long r a n g e w e a t h e r 
f o r e c a s t i n g i s G . W . Nowland of Cas ino , N . S . W . He pub l i shed a book 
on the s u b j e c t but th is con ta ins m a n y u n s u p p o r t e d s t a t e m e n t s and i n fo rma-^ 
t ion c o n t r a r y to m o d e r n p h y s i c s . O t h e r long r ange f o r e c a s t e r s u s e the 
height of t ide and d i f f e r e n t p l a n e t a r y m o v e m e n t s . It i s the ru l e tha t we 
h e a r m u c h of. t h e i r o c c a s i o n a l s u c c e s s e s and nothing of t h e i r m a n y f a i l u r e s , ' 

It could be tha t t h e r e a r e s o m e p l a n e t a r y i n f l u e n c e s in w e a t h e r -
p o s s i b l y l u n a r , s o l a r , and p l a n e t a r y cyc l e s o p e r a t i n g on an a t m o s p h e r e 
which v a r i e s in p r o p e r t i e s . T h e s e p e r i o d i c i t i e s when in p h a s e , m a y t a l l y 
with s o m e of the c y c l e s m e n t i o n e d by J o n e s . The sun and moon a l s o have a 
p r o v e n e f f ec t on the t ide and thus t ida l he igh t s m a y be. a , m e a s u r e of t h e i r 
i n f l u e n c e s . One should t h e r e f o r e not d i s m i s s the e f f o r t s of t h e s e w o r k e r s 
e n t i r e l y but should e n d e a v o u r to f ind the s c i e n t i f i c t r u t h wi th in t h e i r s i n c e r e 
w o r k . 

The r e c e n t work of Adderley(1963) Bigg (1963) 
and Bowen (1963) on 

l u n a r i n f l u e n c e s i s s i gn i f i can t and g ives hope tha t s o m e connec t ions m a y 
u l t i m a t e l y be e s t a b l i s h e d be tween w e a t h e r and p l a n e t a r y mov.ements« It i s 
r e f r e s h i n g to note tha t in t h e s e a p p r o a c h e s m o r e m o d e r n s t a t i s t i c a l t e c h -
n iques a r e being u s e d and a t t e m p t s a r e m a d e to m e a s u r e p h e n o m e n a ( f r e e z i n g 
nuc l e i , a t m o s p h e r i c ozone e t c . ) a s wel l a s seek ing exp lana t ions on sound 
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physical lines for the many effects. It may happen that many of the m i s -
cellaneous cycles and effects which have been discovered or me^ntioned 
and which occasionally show, remarkable coincidences or promise as 
long range forecasting tools, may be explained by reference to lunar and 
solar influences acting on an atmosphere which also shows variations in 
its properties. These properties may be of a random..natur.e .such as the 
amount of volcanic dust in the atmosphere or persistent effects wuch as 
extensive snow or water cover on the continents or cloud systems in the 
atmosphere leading to disturbance of the normal-radiation b^alance. 

Recently (1963) in personal discussions, Jensen claimed that all 
planetary influences might have been disturbed or obscured by volcanic 
activity in Indonesia. The wide distribution of the dust from.this eruption 
and its persistence in the atmosphere for many months, could.quite reason-
ably have influenced the heat balance of the earth and so the weather. 
Any forecasts based only on planetary mD.ti.ona might .thu.a.-be invalid. 

The Bureau of Meteorology has not neglected the statistical approach, 
in fact it has taken an active interest for some time.. The work of Quayle 
(1930) and Treloar (1934) was followed by the setting up in 1949 of a small 
research unit in conjunection with the Department of ..Mete or.Qlo.gy at the 
University of Melbourne. This unit made use of the multiple correlation 
te^cHfiique exémplified by the work of Walker (1930). A number of reports 
were issued and Grant (1953, 1956) showed that the multiple correlation 
coefficients derived were not consistent and varied according to the data 
used. She concluded that it was doubtful "that this correlation approach 
could supply a basis for a satisfactory method of long range forecasting 
even for the tropics where the day to day variations were smal l , let alonç 
for higher latitudes where the short term changes dwarf those in the means'!. 

In spite of this unfavourable conclusion, Priestley (1962,1963) has used 
lag as sociation coefficients and has shown that relationships may be estab-
lished which might be of use in long range weather forecasting. Further 
work in this field is warranted and should be undertaken. 

Interest in the statistical approach has also been shown by Hannan 
(1962) who, in an examination of rainfall singularities^ showed that signi-
ficant cycles could be detected within a year. More effort could be con-
centrated in this direction as well and niight reveal or disprove suspected 
periodicities. Modern statistical techniques should be used to test cycles 
which were discovered by simple graphical methods, guesswork, fitting of 
curves by eye, instinct or, "black magic " . Such action is n ecessary to 
establish their veracity or otherwise. If this is not done, these cycles will 
contmue to hold an unwarranted status which has been gained by hearsay and 
word of mouth. 
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5. CONCLUSIONS. 

At present,long-range weather forecasting in Australia is neither 
sufficiently accurate nor reliable enough for use in business or agriculture. 
The occasional successes must be balanced by the failures which are almost 
as numerous. No evidence can be found to substantiate claims of accurate 
weather forecasting over periods in excess of five days. No more than 60% 
success was discernable in any system and most were not much better than 
guesswork. 

A report by the World Meteorological Organisation (1961) indicates 
that overseas countries are exerting more effort on the problem than. 
Australia, even allowing for population differences. Many of the overseas 
nations use all approaches described while Australia is concerned, and in a 
small way, with the synoptic and statistical approaches only. The concensus 
of opinion among meteorologists is that methods of long-range weather 
forecasting are promising and worth continuing.. Many countries now issue 
regular monthly forecasts. Some success, 60% or slightly better over 30 
days, is claimed with the synoptic approach. The physical mathematical is 
considered the most promising attack for the future and is attracting the 
greatest amount of attention at present. 

Peterssen (1964) has pointed out that knowledge of the general cir-
culation and techniques of handling data with computers are advancing, 
rapidly and that it should be possible "to keep the whole of the atmosphere 
under surveillence and process vast volumes of data, on a real time .scale". 
This means that there are real prospects of significant breakthroughs in 
the long-range forecasting field. 

Australia with its dépendance on primary industries and its location 
within the highly variable subtropics has so much to gain froim successes 
in long-range weather forecasting that it cannot afford to neglect the subject. 
Most of Australia is in a low rainfall area, marginal.for most primary in-
dustries, and suffers severe drought and flood. Furthermore, its lack of 
contrasting topography between prevailing wind streams..s:aggest.,s ..a minimum 
of interference with the general circulation and greater homogeneity in data 
compared with other continents. Any predic t ion of the overall pattern should 
be easily interpreted in Australia. A p r o p e r l y constituted long range fore-
casting unit should be set up or reconstituted and strengthened as an urgent 
matter. The team should work on all phases of the long-range problem..in 
collaboration with universities, CSIRO and overseas services. Full use 
should be made of the data proce.ssing and computing facilities of all or-
ganisations. In view of the charter of the Bureau of Meteorology and the 
data and facilities it controls it is the logical instrumentality to set up and 
launch a full scale attack on the problem. To date there is only the dedicated 
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work of a few enthusiasts. The unit should be portion of the Bureau's 
Research section but freed f rom routine and in c lose contact with other 
interested bodies . In assessing the size of such a unit, a minimum.of 
six scientists is suggested for a start with ancillary help estimated to 
double the numbero 

Although the statistical approach in Australia has been tarnished 
by the work and publicity of non-profess ionals , it should not be discarded 
on this account. It is an attractive technique when the data is handled 
objectively and with regard to physical pr inciples . Some impress ive 
work is under way in C . S . I . R . O . within the Divisions of Meteorological 
Physics and Radio Physics . Some surprising results might, come forth. 

The question of parameters might be reconsidered by a long-range 
weather forecasting unit. At present the most commonly,used parameter 
is that of rainfall, as it is the element which it is desired to predict and 
long and consistent rainfall records are available. Its random nature 
and variability however limits i ts usefulness and may le.ad to false 
conclusions, depending on what stations or data are employed in an analy-
s is . Perhaps pressure or temperature are more appropriate indicators 
of the large scale circulation changes. Jensen, Karelsky and others have 
used integrated values of pressure by referring to the latitudes of the 
moving anticyclones and measures of "anticyclonicity" or cyclonicity]^''.. 
This may be a more appropriate measure and is easily related to the p r e -
cipitation and temperature pattern. It is pointed out that if weather is to 
be related to the energy input or output and this is assum.e.d to depend on 
planetary motions there will always have to be a parameter giving the 
condition and content of the atmosphere. Terrestr ial o ccurrences such 
as volcanic eruptions, atomic explosions, persistent cloud banks or changes 
of surface colour and the increased consumption of fuel may..affec.t the.pro- , 
perties of the atmosphere either in a random fashion or as a trend. Such 
influences would need to be supe.rimposed on a prediction based on, say, 
the periodic motions or activity of the sun, moon or.planets. . For .example, 
the recent eruption (1963) in Bali was said to have rendered a forecast of a 
dry year in Queensland invalid by the addition of volcanic ash which affected 
the radiation balance and freezing nuclei count. 

On the other hand, if the time lag and effect of such a phenom.ena..were 
known then this could be superimposed on an original weather, statement and 
could modify the forecast . The careful selection of parameters is an early 
matter for any long-range weather forecast ing.project . 

Long-range forecasting 
on a regional basis . For 
would imply an intensification 

should be done on a global scale rather than 
e, a forecast of increasing westerly winds 

of the subtropical high pressures which in 
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turn may 'suggest an additional surge in the tropical monsoonc.. That i s , 
above average rainfall in the equatorial and temperate belts may.be 
associated with below average rainfall in the subtropics . It fol lows 
that any Australian research unit would need to co==operate with other 
nations. In fact long-range forecasting is m o r e truly an international 
problem than any other with the maximum achievement following 
full co -operat ion . The World Meteorological Organisation undoubtedly 
o f fers the avenue here for co-ordination. In fact Australia 's isolated 
position in the southern hemisphere p laces an additional international 
responsibility upon her , not only to maintain a suitable network but to 
provide men with the training and background to collaborate in the world 
wide long-range forecasting prob lem. 

The setting up of the Antarctic stations shows that Australia is 
willing and able to fulfil part of this obligation, but full use should be 
made of the data obtained. A long-range forecasting unit would un-
doubtedly be concerned with the circulation in these latitudes very early 
in its history and would make full use of this information and apply it 
to the Australian region. It would also advise on the establishment of 
other observing posts or the obtaining of more detailed information. 

Perhaps oneof the f i rst contributions of an Australian long-range 
forecasting unit might be to determine the relationships between the 
weather at places in Australia in respect to the global c irculations. 
Pr iest ley (1963) is anticipating this with the use of association c o r r e -
lations which he states provide "mainly an identification and starting 
point for studies of a m o r e detailed and critical nature in which m o r e 
flexible methods of synoptic classif ication and meteorological etc . 
judgment are fully brought to b e a r " . 

The extensive space programme of Russia and the United States 
gives pr ior knowledge of the state of the upper atmosphere.. This and 
the availability of high speed computers in these countries gives un-
assailable advantages in predicting changes or variations in the general 
circulation. However, if and when this is done, international co l labora-
tion through the World Meteorological Organisation should enable our 
meteorologists to fit Australia into this forecasted circulation. This is 
not yet apparent, but the data of satellites and other space probes are 
giving increasing knowledge of atmospheric motions and hope for improved 
predict ions . Even without this anticipated developm.ent„there is sufficient 
important work to keep an Australian forecasting unit fully occupied for 
many years . 
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In discussions on the setting up of a long-range forecasting unit 
all considered that it was worth while. In fact , all were in favour 
of a sizable ef fort . Because of its existing pool of data and .meteoro-
logists , the Bureau of Meteorology was the logical home of such a unit 
provided close collaboration was maintained with universities and 
C . S . I . R . O . Key personnel, however, may have to be recruited at a 
high level . It would not be wise to initiate this type of work without a 
number of informed personnel. Alternatively it may.be necessary to 
send suitable graduates overseas for several yçars to gain experience 
with the techniques. There is merit in the Bureau requiring higher 
academic qualifications in those persons it allots to this work, or 
giving them the opportunity to acquire such qualifications in the p r o -
gress of their work. The most able and highly qualified should find 
the task worthy of them. The returns to Australia are so high that 
considerable investment in the project is well worth while. 

The report of the World Meteorological Organisation (1961) 
states that 15 member countries are regularly issuing long range 
weather forecasts in the sense discussed here . The Director General 
of the British Meteorological Off ice also announced (1964) a r e -
organisation to facilitate regular forecasts and continuing research 
in the extended range f ie ld. J . M . Craddock (1964) gives recent details 
of work in the U.S. Weather Bureau. The report of Baum.and others 
(1959) shows that the Soviet Union is well aware of the significance of 
the work. At a conference of Commonwealth Meteorologists in May. 1963 
also , " it was agreed that the issue of reliable long-range forecasts was 
the greatest contribution the meteorologist could,make, to a nation's. 
economic welfare . Progress in this field had shown little sign of 
significant success but this must not cause a slackening of research 
and experiment". 

It is apparent f r o m the above statements that long-range weather 
forecasting has to be taken seriously and that Australia is justified in 
setting up a sizable unit to continue research into and to prepare and 
issue long range weather f o recas ts . Adequate facil it ies and competent 
and sufficient staff are the prime requirement and it is not s.o much.a 
question as to whether Australia can afford it, but rather that the nation 
cannot afford to neglect a subject of such vital importance to her welfare . 
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