
A m e t e o r o l o g i s t gett ing h i m s e l f i nvo lved 

in long- range forecas t ing is frequently re­

garded in the same l ight as an as t ronomer 

dabb l ing in as t rology. B o t h indiv iduals 

are c o n s i d e r e d as practi t ioners o f b lack 

arts that are b e y o n d the scient i f ic pale . 

Perhaps this is b e c a u s e m o s t m e t e o r ­

o log is t s have shied away f rom the p r o b ­

l e m , pe rce iv ing that they have e n o u g h 

p r o b l e m s pred ic t ing t o m o r r o w ' s weather , 

let a l one nex t m o n t h ' s , or nex t year 's . 

A long- range forecast wi l l genera l ly at­

tempt to specify o n e o f three poss ib i l i t ies 

— for e x a m p l e whether the weather wi l l 

be wetter than average, drier, or just aver­

age . A r a n d o m , unsk i l l ed forecas t w i l l 

therefore have an accuracy o f 3 3 % . H o w ­

ever, the a tmosphere displays a charac­

teristic me teo ro log i s t s cal l 'pers is tence ' . 

Looking for cyclic 
behaviour in the atmosphere 
is the most time-honoured 
technique. 

What this means is that if y o u say that 

t o m o r r o w ' s weather is g o i n g to be the 

same as today 's , y o u have about an 8 0 % 

c h a n c e ( in M e l b o u r n e ) o f b e i n g r ight . 

S imi lar ly , wi th nex t m o n t h ' s weather , y o u 

may have a 4 0 % c h a n c e o f it b e i n g similar 

to this m o n t h ' s . 

T h u s w e see that the degree o f accuracy 

above these levels o f pers is tence reflects 

the true skill o f a me teo ro log i s t ' s forecast . 

V i e w e d in this l ight , present-day l o n g -

range forecasts are pretty p o o r . F o r in­

s tance, the accuracy o f Brit ish Me teo r ­

o l o g i c a l Of f ice m o n t h l y rainfall forecasts 

c a n be var iously assessed at b e t w e e n 31 

and 43 %. Forecas ts o f seasonal tempera­

tures that have been for the Uni ted States 

h a v e a v e r a g e d 4 2 % c o r r e c t i n r e c e n t 

years. 

M r Neville Nicholls. 

M r Nicholls' model allows spring rainfall to 
be predicted from the observed air pressure 
over northern Australia the previous 
winter. 

M r N e v i l l e N i c h o l l s , o f the Austra l ian 

N u m e r i c a l M e t e o r o l o g y R e s e a r c h 

Cen t re , is o n e o f the f e w p ro fes s iona l 

me teo ro log i s t s in the w o r l d devo ted to the 

study o f long- range forecast ing. H e c o n ­

c ludes that 4 0 % is a reasonable estimate 

o f the a c c u r a c y o f present ly ava i lab le 

long- range forecasts . T h a t m e a n s that, 

despi te concen t r a t ed efforts, there has 

been virtually n o progress i n the last 10 

years. Y e t forecasts wi l l need to improve 

to about 5 0 % accuracy before they have 

m u c h va lue , a c c o r d i n g to M r N i c h o l l s . 

Perhaps there is some 
as-yet-undiscovered factor, 
or 'key', that is needed to 
unlock the mysteries of 
long-range forecasting. 

A closer look 

What are the chances o f r each ing this 

figure? L e t us l o o k in m o r e detail at what 

has b e e n ach ieved to date, and h o w the 

different approaches have w o r k e d out . 

In the Sov ie t U n i o n , for ins tance , sea­

sonal forecasts o f temperature and rainfall 

have b e e n prepared s ince 1968 by that 

count ry ' s H y d r o m e t e o r o l o g i c a l Serv ice . 

T h e temperature forecasts have s h o w n 

very li t t le ' sk i l l ' , o r i m p r o v e m e n t over 

c h a n c e . In general , pers is tence ca lcula­

t ion has b e e n m u c h m o r e skilful than the 

forecasts — o n l y in 1974 d id the forecasts 

ou tper form it, and n o trend towards i m ­

p rovemen t has b e e n demonstra ted . 

P r e c i p i t a t i o n f o r e c a s t s h a v e f a r ed 

s o m e w h a t better. In m o s t years, they have 

ou tpe r fo rmed pers i s t ence c a l c u l a t i o n s , 

but o n l y by a few per cent . T h e r e is a hint 

o f a trend towards i m p r o v e m e n t in skil l . 

T h e Un i t ed States Nat iona l Weather 

Serv ice rout ine ly p r o d u c e s 30-day fore­

casts o f h o w temperature and rainfall are 

expec ted to vary f rom average. In a verifi­

ca t ion study, the skill o f the temperature 

forecasts at s o m e 100 A m e r i c a n ci t ies has 

been f o u n d to be 11 % greater than c h a n c e , 

w h i l e rainfall forecasts have b e e n found to 

b e 2 % better. But taking pers is tence in to 

a c c o u n t , the forecasts were o n l y 2—3% 

better than y o u w o u l d expec t . A n d fur­

t h e r m o r e , t he se fo recas t s h a v e n ' t i m ­

proved over the past 30 years. 

Darwin after Cyclone Tracy. M r Nicholls 
thinks he may have found a way of 
predicting cyclone activity in the 
forthcoming season. 
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Satellite observations help to improve the 
accuracy of numerical models of the 
atmosphere. Even so, models are limited to 
forecasts of only a few days ahead. 

T h e Brit ish have also tried their hand at 

long- range forecast ing. S i n c e 1963 , the 

M e t e o r o l o g i c a l Of f i ce has i ssued 30-day 

fo recas t s o f t empera tu re a n d ra infa l l . 

H a v e they fared any better? 

Unfor tunate ly , n o . Ana ly s ing the out­

c o m e o f the predic t ions , o n e researcher in 

1974 was l ed to c o n c l u d e : 'it is doubt fu l 

whether o n e c a n honest ly say that they are 

e v e n m a r g i n a l l y be t ter t han c h a n c e ' . 

S imi lar c o n c l u s i o n s have b e e n reached by 

other workers , w h o found that, o n a skill 

score r ang ing f rom 0 (no skil l) to 16 (per­

f e c t p r e d i c t i o n s ) , the M e t e o r o l o g i c a l 

Off ice w o u l d w i n 1•5 for their tempera­

ture p red ic t ions and, for rainfall, m i n u s 

0 • 2 . A n o t h e r recent paper s h o w e d that the 

temperature forecasts were bettering per­

s is tence ca lcu la t ion by 0 • 6 % . 

It is p robab ly n o w o n d e r that, in the 

land o f the fervent knocker , the Austra l ian 

Bureau o f M e t e o r o l o g y has resisted the 

temptat ion to issue long- range forecasts 

and op ted for preserving its credibi l i ty in­

stead. 

The skill of British 30-day forecasts of 
temperature and rainfall for London 
fluctuates above and below a score of zero. 
This demonstrates that they don't do any 
better than chance. 

Predicting long-range 
weather is not simply a case 
of better and more extended 
weather forecasting. 

Two different approaches 

W h a t m e t h o d s have long- range forecas­

ters b e e n u s i n g to land themselves in this 

si tuation? R e m e m b e r that w e are talking 

about ser ious me teoro log i s t s , ded ica ted to 

the sc ient i f ic m e t h o d and wi th a faith in 

the order l iness o f the a tmosphere ' s be ­

haviour . 

Primari ly, t w o bas ic m e t h o d s have b e e n 

b rough t to bear. O n e is to l o o k for cyc les 

in the weather ; the other is to f ind past 

' ana logues ' ( c l o s e r e semblances ) to the 

exis t ing weather and to expec t the cou r se 

o f the present weather to progress identi­

ca l ly to that in the past. 

L o o k i n g for c y c l i c behaviour in the at­

m o s p h e r e is the m o s t t i m e - h o n o u r e d 

t echn ique . After all, the effect o f the sun , 

i n its d a i l y and year ly c y c l e , is w e l l 

k n o w n ; w h y no t then l o o k for the influ­

e n c e o f o ther cyc l e s such as the 11- and 

22-year pe r iods o f sunspots and the 1 8 • 6 -

year per iod ic i ty o f the inc l ina t ion o f the 

m o o n ' s orbi t to the equator? 

Vas t number s o f scient if ic papers have 

been p u b l i s h e d purpor t ing to have f o u n d 

corre la t ions be tween sunspot c y c l e s and 

c l imate . D r Barry Pi t tock o f the C S I R O 
D i v i s i o n o f A t m o s p h e r i c Phys ics recently 

e x a m i n e d m o r e than 140 relevant papers 

o n the subjec t . H e c o n c l u d e d that 'despite 

a mass ive literature o n the subject , there 

is at present little or n o c o n v i n c i n g evi­

d e n c e o f statistically s ignif icant or practi­

ca l ly useful correla t ions b e t w e e n sunspo t 

cyc l e s and the weather or c l imate ' . 

A R u s s i a n rev iew o f the subjec t i n 1973 

reached a similar c o n c l u s i o n : ' the litera­

ture o n the ques t ion c o n v i n c e s us o f little, 

but it familiarizes us wi th a set o f c o n ­

t r a d i c t i o n s , u n c e r t a i n t i e s , in te rpre ta ­

t ions , u n p r o v e d p r o p o s i t i o n s and even 

b r e a k s w i t h e l e m e n t s o f s c i e n t i f i c 

m e t e o r o l o g y and also wi th the (sic) sad 

de f i c i ency o f self-cr i t ic ism' . 

Statistical rhythms 

A harder idea to dismiss is the n o t i o n that 

the a tmosphere d o e s behave cyc l i ca l ly , 

but no t necessar i ly in rhy thm wi th sun, 

m o o n , or planets . Rather , the cyc l e s are 

' quas i -per iod ic ' , b e ing s imply d i scove red 

t h r o u g h s t a t i s t i c a l a n a l y s i s o f pas t 

weather r ecords . Rap id ly expand ing data 

Seasonal forecasts of temperature for a 
number of years have been rated for skill. 
No skill rates 0 and a perfect prediction 
rates 1; a negative score is worse than 
chance. Even forecasts made using 
persistence are better. 

bases and the use o f compu te r s have made 

this empi r ica l m e t h o d ext remely popula r 

in recent t imes . 

D r Taf fy B o w e n (former C h i e f o f the 

C S I R O D i v i s i o n o f R a d i o p h y s i c s , n o w 

w o r k i n g in A m e r i c a ) and h i s c o l l e a g u e s 

found s ix dominan t c y c l e s , r ang ing f rom 3 

years to 7 0 years in length , i n July rainfall 

r e c o r d e d at A m a r i l l o , T e x a s , b e t w e e n 

1895 and 1964. June rainfall at the same 

station s h o w e d c y c l i c behaviour at inter­

vals f rom 2•3 to 36 years. June rainfall at 

t w o o t h e r nea rby s ta t ions s h o w e d 11 

statistically s ignif icant per iod ic i t i es . 

D r B o w e n then calcula ted what rainfall 

w o u l d b e expec ted f rom 1965 to 1974 i f 

the cyc l e s were real. H e c o n c l u d e d that 

'general agreement ' was f o u n d be tween 

the actual and projec ted rainfall f igures. 

H o w e v e r , other workers have had less 

success fu l o u t c o m e s wi th their predic­

t ions. F o r e x a m p l e , a series o f long- range 

forecasts were made nearly 20 years a g o 

for var ious loca t ions in the U n i t e d States. 

Forecas t s o f m o n t h l y precipi ta t ion, u p to 

10 years in advance , were m a d e by a c o m ­

pl ica ted m e t h o d based o n 16 c y c l e s f rom 

91 years to 8 m o n t h s in length . Similar ly , 

m o n t h l y temperatures were predic ted. In 

the pursui t o f scient if ic k n o w l e d g e , the 

Na t iona l Resea rch C o u n c i l resurrected 

the forecasts and c o m p a r e d t h e m wi th 

what c a m e to pass. T h e c o n c l u s i o n was 

that the forecasts were n o better than ran­

d o m . 

O n e forecaster analysed the precipita­

t ion r e c o r d f rom Fortaleza, Brazi l , and 
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c o n c l u d e d that the data s h o w e d cyc l e s o f 

13 and 26 years. H o w e v e r , w h e n the data 

w e r e reana lysed i ndependen t ly , it was 

s h o w n that the apparent p e r i o d i c i t i e s 

c o u l d s imply be due to r a n d o m variability. 

In fact, M r N i c h o l l s cites e v i d e n c e that 

m o s t , i f n o t all , p r o p o s e d a tmosphe r i c 

cyc l e s greater than a year are s imply d u e to 

s a m p l i n g var ia t ions . A s ta t is t ic ian re­

cent ly carefully analysed seasonal rainfall 

f igures at 98 Nor thern H e m i s p h e r e sta­

t ions u s i n g data for 64 years. T h e n u m b e r 

o f stations s h o w i n g 'statistically signifi­

cant' c y c l e s was similar to that expec ted 

f rom 98 r a n d o m series o f n u m b e r s . 

In 1946 , Sir Gi lber t Walker , a no ted 

Brit ish me teo ro log i s t , was m o v e d to say: 

'I think it l ikely that after l o n g ages o f 

be l ie f i n the con t ro l o f our affairs by the 

heavenly bod ie s m e n are b o r n wi th in­

st inctive faith in the ex is tence o f pe r iods 

in weather . I lost m i n e w h e n the impera­

tive n e e d o f reliability in seasonal fore­

casts d rove m e to replace ins t inct by valid 

quantitative criteria appl ied to the results 

g iven by standard methods . ' 

Th i r ty years later, the results o f M a n ' s 

s e a r c h fo r c y c l e s i n a t m o s p h e r i c b e ­

haviour were summar ized by the Nat iona l 

A c a d e m y o f S c i e n c e s in a less poe t i c , but 

just as d a m n i n g , statement: 'it has be ­

c o m e c lear that a lmos t all the a l l eged 

c l imat ic cyc l e s are either (1) artifacts o f 

statistical sampl ing , (2) associa ted wi th 

s u c h smal l fractions o f the total var iance 

that they are virtually use less for predic­

t ion p u r p o s e s , or (3) a c o m b i n a t i o n o f 

bo th ' . 

Close resemblances 

I f the m e t h o d o f d i scover ing c y c l e s in the 

weather has been discredi ted, that still 

l e a v e s t he m e t h o d o f f i n d i n g pas t 

ana logues to current weather c o n d i t i o n s . 

T h e idea is to examine past weather re­

co rds and f ind m o n t h s or seasons that re­

s e m b l e the m o n t h or season just past and 

Next summer could be dry, like the one in 1968 that caused Burrinjuck Dam to dry up. 

predict that the ensu ing weather wi l l b e 

similar to that w h i c h transpired last t ime. 

T h e t e c h n i q u e c a n vary f r o m s i m p l y 

e x a m i n i n g , for instance, the l i k e l i h o o d o f 

a h o t s u m m e r f o l l o w i n g a h o t spring, to 

examina t ion o f a tmospher ic and o c e a n i c 

data over a very large reg ion . 

C o n s i d e r a b l e study o f a n a l o g u e s for 

long- range forecast ing has b e e n carried 

out in the past decade , particularly in the 

Brit ish Is les . M a n y studies have used the 

s i m p l e s t t ype o f a n a l o g u e s e l e c t i o n , 

w h i c h is really a search for pers is tence. 

M a n y researchers have f o u n d smal l but 

statistically s ignif icant cor re la t ions be ­

tween temperature ' anomal ies ' i n succes ­

sive m o n t h s th roughout m o s t o f the year. 

T h i s indicates what w e p robab ly k n e w al­

ready — that persis tence assumpt ions c a n 

s h o w s o m e skill i n m o n t h l y temperature 

forecasts . H o w e v e r , the m e t h o d can un­

c o v e r n e g a t i v e c o r r e l a t i o n s ( ' an t i -

pers is tence ' ) as we l l , s u c h as the f inding 

that an anomaly in February temperature 

in north-western Eu rope is usual ly fo l ­

l o w e d in June by a temperature anomaly 

in the oppos i te di rect ion. 

Genera l ly , pers is tence is t o o smal l to b e 

o f m u c h practical s ign i f i cance , but at least 

in s o m e reg ions pers is tence appears to be 

very s trong and may a l l ow a s o m e w h a t 

larger i m p r o v e m e n t over c h a n c e than is 

usual ly observed th rough s u c h m e t h o d s . 

F o r i n s t a n c e , s o m e M e x i c a n peasan t 

c o m m u n i t i e s h o l d a b e l i e f that t he 

a m o u n t o f rain fall ing in the early part o f 

the year indicates h o w m u c h wi l l fall in 

the s e c o n d ha l f ( the g r o w i n g s e a s o n ) . 

The white area shows where Dr Bowen 
claimed 'general agreement' between 
predicted and actual rainfall at Amarillo, 
Texas. He used cycles found in the rainfall 
pattern for the previous 70 years to make 
his predictions. 
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W h e n m e t e o r o l o g i c a l data were e x a m ­

ined , this be l i e f received s t rong support 

and s h o w e d h o w va luab le this under ­

s tanding m u s t have been to early cu l ­

tivators. 

M o r e s o p h i s t i c a t e d a n a l o g u e t e c h ­

n iques have attempted to improve o n the 

basic m e t h o d . T h e analysis has i n c l u d e d 

s u c h fac to rs as a t m o s p h e r i c p re s su re , 

sea-surface temperature, c i r cu la t ion in-

d ices , the degree o f i ce and s n o w cover , 

and other variables. S o m e s u c h studies 

have p r o d u c e d very p r o m i s i n g results ; 

others are best forgot ten. C o m p a r e d wi th 

other m e t h o d s , it is o n e that c a n bear 

further examina t ion . 

Remote connections 

Indeed , a ref inement o f the m e t h o d has 

p r o d u c e d s o m e wor th-whi le forecasts (o f 

Does this mean that 
successful long-range 
forecasting has receded into 
the realm of the impossible? 

an exper imenta l nature, m i n d y o u , no t 

r o u t i n e o f f i c i a l o n e s ) . B r o a d l y c a l l e d 

' t e l e c o n n e c t i o n ' , the m e t h o d i n v o l v e s 

f inding a relat ion be tween the variable to 

be forecast and s o m e other variable f rom a 

different r eg ion . W h y this s h o u l d result in 

be t t e r f o r e c a s t s t h a n t h o s e o b t a i n e d 

t h r o u g h e x a m i n i n g p e r s i s t e n c e in the 

s ame r e g i o n is unc lea r . Wha teve r the 

cause , there is n o doub t that in certain 

special c i r cums tances such t e l e c o n n e c -

t i ons d o o c c u r . F o r e x a m p l e , H a w a i i 

win te r rainfal l is w e l l co r re l a t ed wi th 

au tumn pressure over the south-western 

N o r t h Pac i f i c . 

An impasse? 

A l l in all , then, w e c a n see that, despi te 

c o m p u t e r s and elaborate mathemat ica l 

p rocedures , and despite cons ide rab le ef­

forts, l ong- range forecast ing hasn ' t m a d e 

m u c h p r o g r e s s . W h e r e a s s h o r t - r a n g e 

forecas t ing (1 or 2 days) has reaped c o n ­

siderable benefi t f rom s u c h approaches , 

m o n t h l y forecasts d o not appear to have 

improved at all and s h o w , at best, o n l y a 

very s l ight increase in skill over persis­

tence . S o m e seasonal forecasts , for par­

ticular seasons for particular p l ace s , may 

have i m p r o v e d sl ightly, but they are gen­

erally o f l imi ted usefulness . M r N i c h o l l s 

has f o u n d n o ev idence o f any skil l i n fore­

cas t ing for pe r iods l o n g e r than a year 

ahead. 

T h e ques t ion naturally arises — w h y 

has s o li t t le progress been m a d e in a field 

o f s u c h cons ide rab le widespread impor­

tance? 

O n e proffered explanat ion is that the 

a tmosphere is inherent ly unpred ic tab le 

over l o n g t ime scales . T h a t i s , the a tmos­

phere is s o incred ib ly c o m p l i c a t e d that 

predic t ing its m o t i o n s is m o r e difficult 

than pred ic t ing w h i c h Tat ts lo t to n u m ­

bers wi l l appear f rom a barrel. 

M r N i c h o l l s thinks that th ings aren't 

qui te as bad as that. T h e best seasonal 

forecasts m a n a g e to take i n t o a c c o u n t 

3 0 - 4 0 % o f the total variabil i ty o f the 

m e t e o r o l o g i c a l c o n d i t i o n to b e forecast . 

T h a t degree o f p red ic t ion is p robab ly o f 

s o m e u s e , s i n c e it 's as g o o d as s o m e 

shorter-range forecas ts present ly avail­

able ( s u c h as specia l 5-day forecasts i n the 

Nor the rn H e m i s p h e r e ) . 

W e l l then, perhaps the answer to the 

ques t ion is that w e have reached the l imit 

o f predictabi l i ty at l o n g t ime scales — n o 

matter h o w hard w e try, it is i m p o s s i b l e for 

us to d o better. Or perhaps there is s o m e 

18 



as-yet-undiscovered factor, or ' key ' , that is 

needed to u n l o c k the myster ies o f l o n g -

range fo recas t ing . B o t h these theor ies 

w o u l d exp la in our current impasse , but 

the first is dec ided ly m o r e g l o o m y than 

the s e c o n d . 

M r N i c h o l l s prefers to th ink that the 

explana t ion , or at least part o f it, is s o m e ­

thing a little easier to c o m e to grips wi th 

— that the m e t h o d s so far u sed are s o m e ­

h o w def ic ient . 

The weather as a stream 

T o unders tand what this m e a n s , let us 

l o o k at an ana logy first e laborated by D r 

Gar th Pal t r idge o f the D i v i s i o n o f A t m o s ­

pher ic P h y s i c s . Cons ide r a river f l o w i n g 

under a br idge f rom w h i c h w e v i e w the 

whir l s and eddies in the water. W e c a n 

measure these m o t i o n s direct ly under the 

br idge , but h o w w o u l d w e g o about pre­

d i c t i n g the nature o f the f l o w further 

downs t ream? 

T h e r e are t w o inherent ly different re­

g i m e s , e a c h u s i n g d i f f e r en t so r t s o f 

phys ics to g ive a predic t ion . 

First , c o n s i d e r the short r e g i o n o f river 

immedia te ly downs t ream o f the b r idge ; 

there, i f y o u were handy wi th dynamica l 

equat ions o f m o t i o n , y o u c o u l d ca lcu la te 

the spec i f ic fo rm o f whir ls and eddies o n 

the basis o f your measurements back at 

the b r i d g e . But , s i n c e errors m u l t i p l y 

qu ick ly , and because o f mid-s t ream snags 

Collecting weather data, the starting point 
for constructing a model of the 
atmosphere. 

and an irregular r iver-bed, y o u are l imi ted 

to o n l y a f e w metres o f river. 

S e c o n d , cons ide r the r e g i m e f rom that 

po in t to the first bend . T h e r e , y o u have n o 

h o p e o f p red ic t ing each whi r l or eddy, but 

y o u c o u l d at least say s o m e t h i n g about the 

statistical propert ies o f the genera l f l o w . If 

no th ing e lse , y o u c o u l d wi th reasonable 

certainty predic t that o n average the water 

w o u l d c o n t i n u e downs t ream, and wi th a 

lo t less certainty y o u c o u l d say that the 

observed statistical propert ies ups t ream o f 

t he b r i d g e w o u l d b e r e - e s t a b l i s h e d 

downs t r eam. T h e uncertainty arises be ­

cause y o u c a n n o t b e sure that the river 

b o t t o m and snags are the same ups t ream 

as d o w n . 

T h e po in t o f the ana logy is p robab ly 

o b v i o u s e n o u g h — the observer o n the 

br idge is l ike the weather forecaster . 

Different regimes 

In r e g i o n o n e , the p r o b l e m is ma in ly o n e 

o f f luid d y n a m i c s , just l ike short- term 

weather p red ic t ion . It is a p roces s c o n ­

ce rned wi th spec i f ic p red ic t ion o f whir ls 

and eddies for u p to a w e e k or so ahead. A n 

a c c u r a t e k n o w l e d g e o f t he p r e s e n t 

weather is required so that the detai led 

interact ion o f m a n y individual parcels o f 

air c a n b e c a l c u l a t e d . It i s a c l a s s i c 

m e d i u m f o r a p p l i c a t i o n o f n u m b e r -

c r u n c h i n g compu te r s . 

48-hour forecasts are now 
better than the 24-hour 
forecasts of a decade ago. 

T h e vast general c i rcu la t ion m o d e l s o f 

today are too l s that have evo lved to take 

the p r o b l e m in hand. T h e y are remarkably 

success fu l in forecas t ing weather details 

u p to 4 days or so ahead — b e y o n d that, 

errors mul t ip ly t o o rapidly to g ive a c c u ­

rate answers . 

In o ther w o r d s , predic t ing long- range 

weather is no t s imply a case o f better and 

m o r e ex tended weather forecast ing. W e 

mus t enter the s e c o n d r e g i m e , w h e r e w e 

encoun t e r a c o m p l e x non- l inear sys tem i n 

w h i c h phys i c s and statistics are inextr ic­

ably in t e rwoven . 

T h i s is what M r N i c h o l l s m e a n s w h e n 

h e asks w h e t h e r the m e t h o d s u s e d i n 

long- range forecas t ing are s o m e h o w defi­

c ient . It is no t even k n o w n i f c lassical 

t echn iques can lead to a so lu t ion , or i f any 

m e t h o d s w h a t s o e v e r c a n d o s o . B a s i c 

m e c h a n i s t i c phys i c s is inadequate to c o p e 

wi th the p r o b l e m , and as for statistics, an 

examina t ion o f past records s h o w s that 

c l imate is forever c h a n g i n g o n all t ime 

scales . T h i s means in effect that the statis­

tics o f o n e pe r i od are not necessar i ly (and 

are no t even l ike ly to be) the same as those 

o f another . 

Perhaps this is the reason w h y those 

long- range forecas t ing m e t h o d s w e have 

l o o k e d at h e r e that u s e d s t a t i s t i c a l 

approaches (a lmost all) have rarely met 

wi th s u c c e s s . A n d it may a lso b e w h y 

m e c h a n i s t i c approaches ( s u c h as those 

l o o k i n g for c o s m i c in f luences or the effect 

o f quasi -biennia l osc i l la t ions) have failed 

as we l l . 

Brisbane, 1974. Knowledge that next 
summer would be wet could be useful in 
protecting against floods. 
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The weather forecaster is like an observer 
on a bridge who, by measuring the flow 
under the bridge, tries to predict the flow 
further downstream. 

Physics and statistics 

D o e s this m e a n that the p rospec t o f suc ­
cess fu l l o n g - r a n g e fo recas t ing has re­
c e d e d in to the rea lm o f the imposs ib l e? 
W e l l , there is still a g l i m m e r o f h o p e , and 
that is what has spurred M r N i c h o l l s o n . 
H e be l ieves that a j ud i c ious b l e n d i n g o f 
phys ics and statistics offers p r o m i s e if not 
a prescr ipt ion. 

Already, hopeful s igns have emerged . 
P e o p l e have taken n u m e r i c a l weather-
forecast ing m o d e l s and run t h e m b e y o n d 
their normal l imi t o f accuracy — say, for a 
m o n t h . S u c h a m o d e l may bear little re­
s e m b l a n c e to what w o u l d in reality o c c u r , 
but i f the m o d e l is run many t imes over 
u s ing different initial data, w e c a n use a 
statistical averaging t echn ique to a l l o w us 
to l o o k at the general trend o f c ause and 
effect. 

B y this means w e can e lucidate the ef­
fect o f a n o m a l o u s sea-surface tempera­
tures, for e x a m p l e , by c o m p a r i n g runs 
m a d e wi th and wi thout the anoma ly . T o 
date, n o no tab le skill has emerged , but it 
was the k n o w l e d g e that statistical rela­
t ions o c c u r b e t w e e n sea-surface tempera­
ture anomal i e s and later a tmospher ic be ­
h a v i o u r that has e n c o u r a g e d fur ther 
study. 

P e r h a p s the p a c k - i c e has b e g u n to 
budge , because D r Peter Webs te r o f the 
D i v i s i o n o f A t m o s p h e r i c Phys i c s has seen 
conf i rma t ion o f his pred ic t ions for the 
s p e c i f i c b e h a v i o u r o f m o n s o o n s ( h i s 
s p e c i a l f i e ld o f s t u d y ) . D r W e b s t e r ' s 
s impl i f ied numer ica l m o d e l o f the Indian 

m o n s o o n , w h i c h inc ludes an air—sea in­
teract ion, s h o w e d up 'breaks' (or respites) 
in the intensity o f the m o n s o o n rainfall. 
T h e s e breaks are a k n o w n p h e n o m e n o n , 
and the predic ted per iod o f 2 weeks is 
c l o s e to that observed. 

Shaping up models 

T o c a p h i s t h i n k i n g that a h y b r i d 
t echn ique o f statistics and phys ica l m o d ­
els is the way to g o , M r N i c h o l l s has 
r e c e n t l y h a d c o n s i d e r a b l e s u c c e s s i n 
m o d e l l i n g aspects o f the a tmosphe re ' s 
behav iour in northern Austral ia. Based o n 
his fee l ing that everything in long- range 
forecas t ing c o m e s back to the o c e a n , he 
has devised a very s imple phys ica l m o d e l 
o f h o w sea-surface temperature north o f 
Aust ra l ia may interact w i t h the a tmo­
sphere. 

W h e n the m o d e l was run i n a manner 
s imilar to m o r e c o m p l e x numer i ca l m o d ­
els , it p r o d u c e d a number o f interesting 
results, s o m e o f w h i c h were s ignif icant 
for l ong - r ange forecas t ing. T h e m o d e l 
co r r ec t ly s imu la t ed aspects o f the o b ­
served statistical behaviour o f the o c e a n 
and a tmosphere , i n c l u d i n g the seasonal 
v a r i a t i o n i n p e r s i s t e n c e o f p r e s s u r e 
anoma l i e s , a b iennia l osc i l l a t ion in the 
a tmosphere and o c e a n , and certain corre­
la t ions b e t w e e n pressure , tempera ture , 
and rainfall. 

F o r e x a m p l e , M r N i c h o l l s ' m o d e l , ver­
ified statistically, suggested that observed 
winter pressure over nor thern Australia 
s h o u l d p r o v i d e a m e a n s o f forecas t ing 
Austra l ian spring rainfall. Fur thermore , a 
s ignif icant corre la t ion was f o u n d be tween 
w i n t e r p r e s s u r e at D a r w i n a n d the 
n u m b e r o f tropical c y c l o n e s observed in 
the f o l l o w i n g season. T h e correla t ions 

are large e n o u g h to suggest that useful 
seasonal forecasts o f tropical c y c l o n e ac­
tivity may be poss ib le . L o o k i n g at data 
f rom the 16 years 1 9 5 9 - 7 4 , M r N i c h o l l s ' 
forecasts w o u l d have failed on ly twice . 

T h e b i g advan tage o f M r N i c h o l l s ' 
approach is that it a l lows the important 
var iables to b e t racked d o w n t h r o u g h 
statist ical m e t h o d s , f r o m w h i c h p o i n t 
their i n f luence is ca lcula ted t h rough a 
numer ica l m o d e l . It's l ike sifting a p i l e o f 
pho tographs o f the river for w h i r l p o o l s 
that s e e m to persist, and f rom there de­
t e r m i n i n g the o n g o i n g e f f ec t o f that 
w h i r l p o o l . I n this way many variables o f 
little effect o n gross behaviour c a n be dis­
carded , s imp l i fy ing the m o d e l e n o r m ­
o u s l y and m a k i n g it m a n a g e a b l e wi th 
even m o d e s t compute r s . 

Towards reliable forecasts 

T h i s still leaves us a l o n g way of f a gen­
eral l ong- range forecast ing s c h e m e , but it 
wi l l , M r N i c h o l l s h o p e s , g ive forecasts 
with a measure o f c o n f i d e n c e for s o m e 
seasons in s o m e parts o f Austral ia . H e 
points ou t that decades ago p e o p l e put 
b l ind faith i n numer ica l m o d e l s for short-
term forecas t ing; on ly recent ly have they 
been p roved r ight in that they can n o w 
p roduce better forecasts than c a n the in­
t u i t i on o f the e x p e r i e n c e d fo recas t e r . 
Similar ly , 48 -hour forecasts are n o w bet­
ter than the 24-hour forecasts o f a decade 
ago . 

A c h i e v e m e n t s i n shor t - te rm wea the r 
forecas t ing shou ld make us hopefu l that 
the same may o c c u r wi th long- range fore­
cast ing. But , o f course , there is n o guaran­
tee o f s u c c e s s . 
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