
Last July and August, as much of Australia prepared for 
a dry, dusty spring during one of the most severe 
droughts on record, the River Ganges, swollen by the 
monsoon rains, burst its banks. 

I n I n d i a ' s m o s t p o p u l o u s S t a t e , U t t a r 
P radesh , a l ready ravaged by f loods , t h e 
death to l l p a s s e d 1 0 0 0 . 

A t s u c h t i m e s t he two c o u n t r i e s s e e m 
worlds apart , ye t t he I n d i a n m o n s o o n i s 
part o f a w e a t h e r s y s t e m tha t a l so b r i n g s 
A u s t r a l i a i t s c y c l o n e s — l i k e T r a c y , 
w h i c h devas ta ted D a r w i n at C h r i s t m a s 
1 9 7 4 , and K e r r y , w h o s e des t ruc t ive and 
wayward b e h a v i o u r is d e s c r i b e d on p a g e 
17 . 

T h e r e i s l i t t l e w e c a n do to c h a n g e t he 
w e a t h e r , b u t p e o p l e l i v i n g i n b o t h 
h e m i s p h e r e s w o u l d b e n e f i t e n o r m o u s l y 
f rom a c c u r a t e f o r e c a s t i n g o f b o t h t h e v io
l e n t s t o rms tha t f la t ten h o m e s and t he 
v i t a l r a i n s o n w h i c h m u c h o f s o u t h 
eas t e rn A s i a ' s r i c e c r o p s , and the re fo re i t s 
h u m a n p o p u l a t i o n s , depend . 

T h e m e t e o r o l o g i s t t r y i n g to p r e d i c t 
w e a t h e r i s l i k e a z o o l o g i s t s t u d y i n g a 
s p e c i e s o f wi ld a n i m a l . H e b e g i n s in t he 
f ie ld , w a t c h i n g , r e c o r d i n g , and m a k i n g 
c o u n t l e s s o b s e r v a t i o n s . B a c k at h i s desk 
h e sif ts h i s a c c u m u l a t e d i n f o r m a t i o n , 
l o o k i n g for r e c u r r i n g pa t t e rns that wi l l 
t r ans fo rm s h a p e l e s s h e a p s o f u n r e l a t e d 
fac ts i n t o order ly r a n k s g o v e r n e d by re la 
t ive ly few m a j o r ideas . 

O n c e h e is f ami l i a r w i t h the pa t t e rns , 
t h e s c i e n t i s t c a n p red ic t h o w a n a n i m a l or 
a m o n s o o n w i l l b e h a v e , p r o v i d e d h e 
k n o w s i ts de t a i l ed c i r c u m s t a n c e s : a w e l l -

fed l i o n w i l l i g n o r e po ten t i a l prey, a n d a 
m o n s o o n wi l l b r i n g ra in on ly o n c e r t a i n 
days . 

T h e quan t i t y o f i n f o r m a t i o n r equ i r ed to 
u n d e r s t a n d w e a t h e r s y s t e m s i s e n o r m o u s , 
b u t s o m e o f t he key ideas date b a c k c e n 
tu r i e s . I n 1 6 8 6 t he B r i t i s h s c i e n t i s t E d 
m u n d H a l l e y , w h o gave h i s n a m e to t he 
w e l l - k n o w n c o m e t , c o n t r i b u t e d a paper to 
t h e Philosophical Transactions of the 
Royal Society unde r the t i t l e ' A n H i s t o r i 
c a l A c c o u n t o f t h e T r a d e W i n d s , and 
M o n s o o n s , obse rvab le in t he S e a b e t w e e n 
and n e a r t h e T r o p i c k s , w i t h an a t t empt to 
a s s i g n t he P h y s i c a l c a u s e o f t h e s a m e 
W i n d s ' . 

T h e ' p h y s i c a l c a u s e ' p roposed by H a l -
l ey was e s s e n t i a l l y t h e d i f fe rence b e t w e e n 
t h e s u r f a c e t e m p e r a t u r e s o f l a n d a n d 
o c e a n , c o u p l e d w i t h t he sp in o f t h e ear th . 
W i n d s , h e s u g g e s t e d , we re c a u s e d by a i r 
r i s i n g over h o t l and i n s u m m e r , a n d the i r 
d i r e c t i o n was i n f l u e n c e d by t he p l a n e ť s 
ro t a t ion — t h e C o r i o l i s effect . 

H a l l e ' s i deas s t i l l h o l d good , and they 
a c c o u n t for pe rhaps 9 0 % o f a m o n s o o n ' s 
s t ruc tu re . U n f o r t u n a t e l y , they a re m u c h 
too gene ra l i z ed to e x p l a i n winds a n d r a i n s 
i n de ta i l . E v e n n o w , hund reds o f years a n d 
m i l l i o n s o f r e s e a r c h d o l l a r s l a t e r , 
m e t e o r o l o g i s t s are j u s t b e g i n n i n g to work 
ou t t he f ine t u n i n g tha t d e t e r m i n e s m o n 
s o o n w e a t h e r day by day. 

S e a s o n a l w e a t h e r 

T h e word ' m o n s o o n ' is u s e d i n severa l 
ways . I t p o s s i b l y c o m e s f rom a n A r a b 
word m e a n i n g ' s e a s o n ' , and it c a n be de
f ined as a pe r iod o f heavy s u m m e r r a in fa l l 
i n a c o u n t r y w i t h dry w i n t e r s . A n o t h e r 
de f in i t ion h i n g e s o n a reversa l o f w i n d 
d i r e c t i o n t h r o u g h a b o u t 1 8 0 ° t w i c e a year . 

B o t h de f in i t i ons fa i l to d e s c r i b e t h e par
t i c u l a r i d i o s y n c r a c i e s o f c l a s s i c m o n 
s o o n s ; s e a s o n a l w i n d reversa l s even o c c u r 
i n M e l b o u r n e ! I t s e e m s bes t to r e s t r i c t t h e 
word to w e a t h e r pa t te rns tha t sat isfy b o t h 
de f in i t i ons . T h e s e fo rm two m a j o r m o n 
s o o n s y s t e m s : t h e A f r i c a n a n d t h e 
As i an—Aus t r a l a s i an . 

I n s u m m e r , the s u n w a r m s b o t h l a n d 
and sea , b u t t he l a n d su r face b e c o m e s 
ho t t e r t h a n t h e su r face o f t he o c e a n . T h i s 
i s b e c a u s e h e a t diffuses d o w n t h r o u g h t h e 
l a n d on ly s lowly , b u t it i s c a r r i ed b e l o w 
t h e su r face o f t he sea by ve r t i ca l c u r r e n t s . 

I n w i n t e r , t h e o c e a n ' s s to red h e a t pre
ven t s t h e wa te r c o o l i n g as rapidly as t he 
l and , a n d so i t i s t he sea tha t i s t he w a r m e r . 

T h e s e a ' s s l o w t e m p e r a t u r e c h a n g e s 
have a n o t h e r ef fec t : they de lay t he sea 
s o n a l w e a t h e r c y c l e , pu t t ing i t 6— 8 w e e k s 

T h e s u m m e r weather in e a c h hemisphere is greatly influenced by winds from the other 
hemisphere . As they c r o s s the equator these winds turn through about 90° . T h e shaded 
a r e a is the region o f monsoona l rains . 
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S c i e n t i s t s deba te t h e r e a s o n for th i s dif
f e r e n c e . O n e l i k e l y e x p l a n a t i o n i s tha t t h e 
S o u t h e r n H e m i s p h e r e l a c k s a l a n d m a s s 
t he s ize o f A s i a , w h i c h draws a i r fa r ther 
f rom the equa tor . A n o t h e r , m o r e c o n t e n 
t i o u s , h y p o t h e s i s i s t ha t t h e n o r t h e r n 
m o n s o o n i s p a r t l y i n f l u e n c e d b y t h e 
H i m a l a y a s , w h i c h a c t a s a n e l e v a t e d 
s o u r c e o f hea t . T h i s h u g e m o u n t a i n r a n g e 
h a s n o s o u t h e r n coun te rpa r t . 

A u s t r a l i a ' s ' top end ' is f a m o u s for i t s 
s u m m e r r a i n s , b u t t h e s e a m o u n t , i n a 
s e n s e , to o t h e r c o u n t r i e s ' lef t -overs . I n 
pa r t i cu la r , t h e h i g h m o u n t a i n s and w a r m 
seas o f I n d o n e s i a in te r rup t t he m o n s o o n 
o n i ts j o u r n e y s o u t h , t rapping m o s t o f t he 
r a in . 

I n any c a s e , t he A u s t r a l i a n m o n s o o n 
de l ive r s l e s s r a i n t h a n d o e s t h e A s i a n 
m o n s o o n b l o w i n g i n t he o the r h a l f o f t h e 
year . T h i s i s b e c a u s e t he n o r t h e r n m o n 
s o o n c r o s s e s l a rge r e x p a n s e s o f o c e a n o n 
i t s j o u r n e y to sou th -ea s t e rn A s i a . 

I n d i a n m o n s o o n s and s u m m e r r a in s i n 

n o r t h e r n A u s t r a l i a b o t h b e l o n g , the re fo re , 

to o n e vast s y s t e m o f air c u r r e n t s stradd

l i n g t he equa to r and l i n k i n g w h o l e c o n 

t i n e n t s and o c e a n s . F o r a c c u r a t e fo recas t 

i n g , s c i e n t i s t s n e e d i n f o r m a t i o n a b o u t 

w e a t h e r de ta i l s over as m u c h as p o s s i b l e 

o f t he m o n s o o n ' s r a n g e — ho r i zon t a l a n d 

ve r t i ca l . 

I n t e r n a t i o n a l r e s e a r c h 

S e v e r a l c o u n t r i e s a re c o l l a b o r a t i n g to c o l 
l e c t s u c h i n f o r m a t i o n , a n d CSlRO ' s c o n 
t r i bu t i on is a t rop ica l m e t e o r o l o g y pro
g r a m i n v o l v i n g t h e D i v i s i o n o f A t m o 
s p h e r i c P h y s i c s , w h i c h c o n c e n t r a t e s on 
t h e o r e t i c a l w o r k , a n d t h e A u s t r a l i a n 
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 C e n t r e 
( A N M R C ) , w h i c h ca r r i e s ou t a n a l y s e s o f 
c o l l e c t e d obse rva t i ons . T h e A N M R C is 
run j o i n t l y by CSIRO and t he D e p a r t m e n t 
o f S c i e n c e and T e c h n o l o g y . 

T h e p r o g r a m , w h o s e a i m i s t h e de
v e l o p m e n t o f f o r eca s t i ng t e c h n i q u e s for 

A u s t r a l i a ' s t rop ica l n o r t h , i s c o - o r d i n a t e d ' 
by D r P e t e r W e b s t e r o f t h e D i v i s i o n o f 
A t m o s p h e r i c P h y s i c s . H e spends m u c h o f 
h i s t i m e b u i l d i n g and t e s t i ng m a t h e m a t i 
c a l m o d e l s o f m o n s o o n s — m o d e l s tha t 
i n c o r p o r a t e h i s ideas on t h e u n d e r l y i n g 
r e c u r r e n t pa t t e rns and tha t , i f s u c c e s s f u l , 
c o u l d e v e n t u a l l y h e l p a c h i e v e a c c u r a t e 
f o r e c a s t i n g . 

J u s t as z o o l o g i s t s m a k e e x p e d i t i o n s to 
o b s e r v e the i r s u b j e c t s i n t he wi ld , so D r 
W e b s t e r en joys m o n s o o n - w a t c h i n g i n t he 
f ie ld . H e pa r t i c ipa ted i n a n d h e l p e d to 
o r g a n i z e two i n t e r n a t i o n a l m o n s o o n e x 
p e r i m e n t s ( M O N E X for s h o r t ) , o n e i n 
D e c e m b e r 1 9 7 8 to F e b r u a r y 1 9 7 9 c e n t r e d 
o n t he S o u t h C h i n a S e a , and t he o t h e r t he 
f o l l o w i n g J u l y s tudying t h e no r thwards 
m o n s o o n i n t he B a y o f B e n g a l . 

B o t h t h e s e r e s e a r c h efforts f o rmed part 
o f t he G l o b a l W e a t h e r E x p e r i m e n t ( see 
Ecos 1 8 ) and i nvo lved co -o rd ina t ed m e a 
s u r e m e n t s u s i n g a i rcraf t , b u o y s , s h i p s , 
a n d radar c o n t r i b u t e d by va r ious n a t i o n s , 
i n c l u d i n g t he U n i t e d S t a t e s o f A m e r i c a 
and the S o v i e t U n i o n . 

T h e va s t b o d y o f i n f o r m a t i o n f r o m 
t h e s e two i n t e n s i v e f ie ld e x e r c i s e s and 
f rom o t h e r s o u r c e s , i n c l u d i n g t h e g e o 
s t a t iona ry m e t e o r o l o g i c a l s a t e l l i t e s ( see 
p a g e 1 6 ) , i s g r i s t to t h e m o d e l l i n g m i l l . 

W h e n h e b e g a n h i s s tudy o f m o n s o o n s , 
D r W e b s t e r se t a b o u t u n d e r s t a n d i n g t he 
l a r g e - s c a l e p h e n o m e n a , a n d pa r t i cu la r ly 
t h e t i m i n g o f t he r a in s . I n t h e i r s tud ies o f 
t h e i n t e r a c t i o n s b e t w e e n l a n d a n d sea , 
H a l l e y and s u b s e q u e n t m o n s o o n m o d e l 
le r s had c o n s i d e r e d o n l y t h e i n f l u e n c e o f 
t h e o c e a n s s o u t h o f A s i a , b u t D r W e b s t e r 
found t h e o c e a n to t h e eas t ( the n o r t h e r n 
P a c i f i c ) to be a n equa l l y i m p o r t a n t c a u s e 
o f t he obse rved lag b e t w e e n s o l s t i c e and 
m o n s o o n . 

H e t h e n t a c k l e d t h e mys t e ry o f t he ' a c 
t ive ' a n d ' ' b r e a k 5 pe r iods w i t h i n a m o n 
s o o n . A n ac t ive pe r iod las t s for pe rhaps a 
fo r tn igh t and i n c l u d e s a c l u s t e r o f abou t 

In s u m m e r hot land 'pumps' air upwards , where it coo l s and drops rain. T h e soaked 
ground is coo led by evaporat ion, and stops 'pumping' until it has dried out . 

In J a n u a r y , mois ture- laden winds bring 
rain to nor thern Austra l ia . In J u l y the 
c i rcu la t ion is r eversed and air descends , 
over nor thern Aust ra l ia , warming up as it 
does so and therefore inhibit ing rain. 

b e h i n d t he so la r c y c l e . T h i s i s w h y t he 
c l i m a x o f t h e s u m m e r ' w e ť i n n o r t h e r n 
A u s t r a l i a c o m e s n o t at t he s o l s t i c e o n 
a b o u t D e c e m b e r 2 1 , bu t i n J a n u a r y and 
F e b r u a r y . T h e r e i s a s i m i l a r t i m e lag in 
t he N o r t h e r n H e m i s p h e r e : sou th -ea s t e rn 
A s i a e x p e r i e n c e s i ts h e a v i e s t m o n s o o n 
r a i n s i n l a t e J u l y a n d A u g u s t . 

W h y does t he m o n s o o n b r i n g ra in? A s 
t h e l a n d h e a t s up i n s u m m e r , it h e a t s t h e 
a i r a b o v e i t , w h i c h b e c o m e s l e s s d e n s e and 
the re fo re r i s e s . 

T h e n , as H a l j e y pu t i t , ' i t is n e c e s s a r y 
tha t t h e c o o l e r and m o r e d e n s e a i r s h o u l d 
r u n t h i t h e r to r e s to re t he e q u i l i b r i u m ' . S o 
a n o n s h o r e w i n d , w h i c h m a y h a v e a f e t c h 
o f m a n y t h o u s a n d s o f k i l o m e t r e s , de 
ve lops up to a n a l t i tude o f a b o u t 1 0 0 0 m. 

T h i s a i r , b r i n g i n g wa te r vapour tha t h a s 
evapora ted f rom t h e sea , i n tu rn r i s e s over 
t h e l a n d . A s i t r i s e s , i t c o o l s a n d i t s 
wa t e r -ho ld ing capac i t y drops . T h e e x c e s s 
wa te r c o n d e n s e s and fa l ls as ra in . T h e 
a t m o s p h e r i c c i r c u i t i s c o m p l e t e d by a i r 
r e t u r n i n g to t h e w i n t e r h e m i s p h e r e a t 
abou t 12 0 0 0 m . 

D u r i n g t he A u s t r a l i a n w in t e r , a i r i s r i s 
i n g , and u n l o a d i n g i ts water , over sou th 
eas t e rn A s i a . T h e a i r s inks over A u s t r a l i a ; 
as i t does s o , i t u s u a l l y w a r m s up and c a n 
c o m f o r t a b l y h o l d a l l t he wa te r vapour i t 
m e e t s . 

T h i s is w h y w i n t e r r a in s a re ra re i n 
t rop ica l A u s t r a l i a . C o l d f ronts m a y b r i n g 
ra in to t he sou th and c e n t r e o f t h e c o n t i 
n e n t , bu t t h e n o r t h s tays dry. 

R e v e r s e c y c l e 

T h e w h o l e h u g e c y c l e o f a i r r evo lves i n 

t h e o p p o s i t e d i r e c t i o n i n our s u m m e r . 

N o w the w i n d s b l o w towards n o r t h e r n 

A u s t r a l i a a t l o w l e v e l . T h e A u s t r a l i a n 

m o n s o o n is n o t a n e x a c t m i r r o r - i m a g e o f 

t h e I n d i a n o n e , h o w e v e r , a n d a m a p 

s u g g e s t s w h y . I n t h e N o r t h e r n H e m i 

sphe re m o s t o f t h e m o n s o o n r a in fal ls 

b e t w e e n l a t i tudes 3 0 ° and 4 0 ° , b u t t he 

s o u t h e r n m o n s o o n ch i e f ly d r e n c h e s t h e 

r e g i o n w i t h i n 2 0 ° o f t he equa to r . 



ralia's m o n s o o n brings a s u m m e r 
η to the South Alligator River region, 
h e r n Terr i tory . 

ϊ o r four ' d i s t u r b a n c e s ' , e a c h o f w h i c h 

gs r a in . A b r e a k i s a dry spe l l b e t w e e n 
r e m o n s o o n pe r iods . 

ι t h e r a i n s a r e i n t e r m i t t e n t 

:curred to D r W e b s t e r tha t w h e n ra in 

t he w e t g r o u n d b e l o w gradual ly c o o l s 

rater evapora tes f rom i ts su r face . A 

s o o n i s l i ke a c u r r e n t o f a i r b e i n g 

tped by h o t l and , and as t he l and c o o l s 

he p u m p s l o w s down. F o r a w h i l e 

e i s a b r eak i n t he r a i n s , un t i l t he l and 

dried ou t su f f i c ien t ly to r a i s e i ts t e m p -

ure and res ta r t t he p u m p , 

r W e b s t e r deve loped a m a t h e m a t i c a l 

lei for t he sou th -eas t e rn A s i a n m o n -

l i n c o r p o r a t i n g th i s idea , and a c o m -

:r to ld h i m w h a t r a in pa t te rn t he m o d e l 

Id c r ea t e . T h e a n s w e r was a se r i e s o f 

ire per iods a b o u t 1 0 — 2 0 days apart , 

irated by dry b r eaks , 

ach a c t i v e p e r i o d w a s c a u s e d by a 

h w a r d s - m o v i n g , r a i n - b e a r i n g c e l l o f 

w h i c h g radua l ly w e a k e n e d as i t t ravel -

far ther i n l a n d and c r o s s e d i n c r e a s -

y c o o l e r l and at h i g h e r l a t i tudes . T h e 

I s o a k e d by a c e l l ' s r a in g radua l ly dr ied 

w a r m e d u p , h e a t i n g t he l o w e r a t m o -

;re and c r e a t i n g a f resh su rge o f m o i s t 

r o m the o c e a n . T h i s w i n d deve loped 

a n e w n o r t h w a r d s - m o v i n g c e l l . 

7hi le D r W e b s t e r and D r L a n g C h o u 

:he N a v a l P o s t - g r a d u a t e S c h o o l a t 

n t e r e y , C a l i f o r n i a , w e r e w r i t i n g a 

i n i c a l pape r a b o u t t h e m o d e l , t h e y 

rd o f a de ta i l ed study o f a i r c i r c u l a t i o n 

ing t h e A s i a n m o n s o o n by D r K . S i k k a 

D r S . G a d g i l , o f t he I n d i a n I n s t i t u t e 

S c i e n c e . T h e s e on- the-spo t observa-

IS m a t c h e d t he c o m p u t e r p r e d i c t i o n s 

1 e n o u g h to satisfy D r W e b s t e r and D r 

3U tha t t hey were o n t he r i gh t t heo re t i -

l i n e s . 

I s ing t h e p r i n c i p l e s o f t h e Webster— 

au m o d e l , m e t e o r o l o g i s t s s h o u l d f ind 

i t e a s i e r to p red ic t t he o n s e t and end o f 

ac t ive per iods t h a n to say w h e t h e r r a in 

w i l l fal l o n any pa r t i cu la r day w i t h i n a n 

ac t ive pe r iod . I n p r a c t i c e th i s is n o t t oo 

i m p o r t a n t ; i t i s t he 2 - w e e k fo recas t s tha t 

m a t t e r to f a rmers , n o t t he 2 4 - h o u r o n e s . 

G e r m i n a t i n g r i c e c a n to le ra te shor t i n t e r 

vals b e t w e e n d o w n p o u r s , bu t i f t he c rop is 

s o w n j u s t before a b reak pe r iod i t m a y w e l l 

fa i l . 

T h e A u s t r a l i a n m o n s o o n i s m o r e c o m 

p l e x t h a n t h e A s i a n . T h e m o u n t a i n s , 

fo res t s , and w a r m seas o f I n d o n e s i a c o m 

p l i c a t e w h a t w o u l d o t h e r w i s e b e a 

s t ra ight forward c ros s -equa to r i a l f low o f 

a i r , and t rop ica l A u s t r a l i a is d o w n w i n d o f 

I n d o n e s i a . D r W e b s t e r needs a subs t an 

t i a l body o f m e t e o r o l o g i c a l i n f o r m a t i o n , 

i n c l u d i n g ana lyses o f s a t e l l i t e r e c o r d s , b e 

fore h e c a n c o n s t r u c t a m o d e l o f n o r t h e r n 

A u s t r a l i a ' s s u m m e r wea the r . 

S u c h a m o d e l w o u l d bene f i t f o r eca s t i ng 

i n o t h e r p a r t s o f A u s t r a l i a , t o o . T h e 

n o r t h e r n ' w e ť e x t e n d s w e l l sou th in s o m e 

yea r s , s u c h as 1 9 7 4 , w h e n the c e n t r e o f t he 

c o n t i n e n t r e ce ived to r ren t i a l r a in s tha t f i l 

l ed L a k e E y r e . 

W h a t ' s m o r e , the m o n s o o n i n f l u e n c e s 

w e a t h e r pa t t e rns i n t h e sou the rn c o a s t a l 

d i s t r i c t s w h e r e m o s t A u s t r a l i a n s l ive , and 

s o m e o f t he u n p r e d i c t e d ra ins in th i s reg

i o n s e e m to b e a s s o c i a t e d w i t h t he rapid 

m o v e m e n t o f m o i s t a i r ou t o f t he t rop ics . 

T h e S i b e r i a n c o n n e c t i o n 

O u r w e a t h e r i s f u r t h e r a f f e c t e d b y 

p h e n o m e n a c a l l e d c o l d su rges . T h e s e a re 

pu l s e s o f c o o l a i r tha t en t e r t h e m o n s o o n 

f low; du r ing t he A u s t r a l i a n s u m m e r they 

t ake t he fo rm o f burs t s o f c o o l a i r p o u r i n g 

ou t o f n o r t h e r n A s i a , w e a k e n i n g as they 

t ravel sou th . 

H o n g K o n g e x p e r i e n c e s a b o u t four or 

five c o l d su rges a m o u t h , e a c h c a u s i n g t he 

t empera tu re to drop by up to 1 0 ° C for 1 - 2 

days, bu t on ly s o m e o f t he su rges r e a c h 

A u s t r a l i a , w h e r e t hey u s u a l l y have a l e s s 

d r a m a t i c effect . 

S c i e n t i s t s do n o t yet ful ly u n d e r s t a n d 

c o l d su rges . I t s e e m s tha t t he a i r p re s su re 

gradua l ly bu i ld s u p over S i b e r i a before 

s u d d e n l y f a l l i n g and e x p e l l i n g a h u g e 

c o o l sou the r ly gus t . S u r g e s a re hard to 

p red ic t , and at p r e sen t s c i e n t i s t s u s e two 

m a i n c l u e s . 

A su rge i s a lways p receded by a r i s e in 

p r e s su re ove r S i b e r i a , and by t h e p a s s a g e 

o f a t rough f rom E u r o p e or a n o t h e r m i d -

l a t i t u d e r e g i o n . F o r e c a s t e r s i n H o n g 

K o n g k n o w tha t a su rge w i l l r e a c h t h e m 

3—4 days after a t r o u g h arr ives over L a k e 

B a i k a l . 

D u r i n g o u r w i n t e r , s i m i l a r (but weake r ) 

c o l d s u r g e s h e a d n o r t h w a r d s , a n d 

C h i n e s e m e t e o r o l o g i s t s u s e A u s t r a l i a n 

su rges to h e l p p red ic t r a in fa l l in t he i r 

m o n s o o n . D r W e b s t e r t h i n k s A u s t r a l i a n 

fo recas te r s m a y even tua l l y b e ab l e to u s e 

S i b e r i a n s u r g e s to p red ic t at l ea s t s o m e o f 

o u r s u m m e r ra in fa l l . 

I n f o r m a t i o n c o l l e c t e d d u r i n g t h e 

M O N E X f ie ld w o r k gave h i m the idea for 

a m o d e l o f su rge f o r m a t i o n , i n w h i c h an 

i n c o m i n g t r o u g h i n t e r a c t s w i t h a j e t 

s t r e a m b e t w e e n t he H i m a l a y a s and J a p a n 

at a b o u t 1 0 0 0 0 m . T h e t r o u g h shif ts and 

a c c e l e r a t e s t h e j e t s t r e a m eas twards un t i l 

i t is so p o s i t i o n e d tha t i t e x p e l s f rom over 

S i b e r i a c o l d air tha t has s lowly bu i l t u p in 

t he p r e c e d i n g days . 

C o l d su rges f o r m par t o f t h e ' m a c r o -

s c a l e ' pa t te rn o f m o n s o o n w e a t h e r tha t 

has so g rea t an i n f l u e n c e on a g r i c u l t u r e , 

and th i s i s w h y s c i e n t i s t s a re k e e n to de

ve lop a t e c h n i q u e for f o r e c a s t i n g t h e m . 

T h e r e is a n o t h e r r e a s o n for w a n t i n g to 

u n d e r s t a n d s u r g e s : they s e e m to b e c o n 

n e c t e d wi th t he f o r m a t i o n o f t rop ica l c y c 

l o n e s . D r J o h n M c B r i d e o f A N M R C is 

u s i n g s t a t i s t i c a l a n a l y s i s t o t e s t t h e 

s t r eng th o f th i s c o n n e c t i o n . 

W h a t t r i g g e r s a c y c l o n e ? 

A u s t r a l i a l i e s i n o n e o f t he wor ld ' s four 

m a j o r t rop ica l c y c l o n e r e g i o n s , t he o t h e r s 

b e i n g t he no r th -wes t e rn P a c i f i c , a reas o f 

t he I n d i a n O c e a n , and t he N o r t h A t l a n t i c . 

Clouds over the South China Sea during 
the M O N E X study. 
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M o s t t rop ica l c y c l o n e s fo rm w i t h i n a b o u t 
1 0 ° o f t he equa to r , and t he ac t iv i ty o f 
A u s t r a l i a n c y c l o n e s is c o n c e n t r a t e d o n 
two a r e a s : in t he C o r a l S e a and o f f t h e 
no r th -wes t she l f . 

A s ye t m e t e o r o l o g i s t s c a n n o t ' e x p l a i n 
w h a t t r iggers a c y c l o n e but , as D r W e b s t e r 
pu ts i t , ' t h e m o n s o o n i s t he e n v e l o p e i n 
w h i c h c y c l o n e s r e s i d e ' , and so w e m u s t 
u n d e r s t a n d t he m o n s o o n i f w e are to pre
d ic t c y c l o n e s . 

D r M c B r i d e ' s s tud ies o f a l a rge n u m b e r 
o f N o r t h e r n H e m i s p h e r e c y c l o n e s 
s u g g e s t tha t c e r t a i n c o n f i g u r a t i o n s o f t he 
l a r g e - s c a l e t rop ica l f low o f a i r s e e m to 
i n c r e a s e the i r l i k e l i h o o d . I f t h e ana ly s i s o f 
S o u t h e r n H e m i s p h e r e c y c l o n e s c o n f i r m s 
th i s idea , t h e n a c c u r a t e fo r eca s t i ng o f t he 
A u s t r a l i a n m o n s o o n w i l l b e c o m e e x 
t r e m e l y i m p o r t a n t — the m o n s o o n deter
m i n e s t h e s e c o n f i g u r a t i o n s . 

W e a t h e r f o r e c a s t i n g i s b a s e d , o n 
m a t h e m a t i c a l m o d e l s that e m b o d y pas t 
e x p e r i e n c e . T h e c o m p u t e r a n a l y s e s t he 
c u r r e n t m e t e o r o l o g i c a l s i t ua t ion in t he 
light o f t h e m o d e l . W h y , t h e n , a re fore
cas t s sometimesK inaccurate? W a s H a l l e y 
r igh t w h e n h e wro te nea r ly 3 0 0 yea r s ago 
' t he re is n o g e n e r a l ru l e bu t admi t s o f 
s o m e e x c e p t i o n s ' ? 

I n a s e n s e h e w a s , b u t s c i e n t i s t s b e l i e v e 
t he e x c e p t i o n s c a n b e e x p l a i n e d t o o . T h e 
m o d e l m u s t b e r e f i n e d . A u s t r a l i a n 
wea the r - fo recas t i ng m o d e l s i g n o r e even t s 
n o r t h o f t h e equa to r . 

T h i s app roach re f l ec t s t he fo rmer b e l i e f 
t h a t t he e q u a t o r was a bar r ie r b e t w e e n two 
i n d e p e n d e n t w e a t h e r sy s t ems . S t u d y i n g 
m o n s o o n s h a s c h a n g e d a l l that . I n t he 
wor ld ' s m o n s o o n r e g i o n s , o n e o f w h i c h 
e m b r a c e s A u s t r a l i a , t he w e a t h e r i s c o n 
s iderably d e t e r m i n e d by even t s t h e o the r 
s ide o f t he equa to r . ' W e n e e d ' , D r W e b s t e r 
u r g e s , ' a g l o b a l mode l . ' 

I f s u c h a m o d e l i s to i m p r o v e w e a t h e r 
f o r e c a s t i n g i n A u s t r a l i a ' s t e m p e r a t e reg
i o n s and sort ou t t he day-to-day vagar i e s o f 
t he A u s t r a l i a n m o n s o o n , i t m u s t be b o t h 
care fu l ly bu i l t and t h o r o u g h l y ' fed' w i t h 
m e t e o r o l o g i c a l o b s e r v a t i o n s . S c i e n t i s t s 
h o p e tha t s a t e l l i t e s w i l l h e l p to provide t he 
l a rge body o f i n f o r m a t i o n they n e e d . T h e 
o the r r e q u i r e m e n t , ca re fu l c o n s t r u c t i o n 
o f t he m o d e l , i s t he m a i n a i m o f t he t ropi
c a l m e t e o r o l o g y p rog ram. 

John Seymour 

M o r e a b o u t t h e t o p i c 

M e c h a n i s m s a f fec t ing t h e s t a t e , evo lu 
t i o n , a n d t r a n s i t i o n o f t h e p l a n e t a r y 
s c a l e m o n s o o n . P . J . W e b s t e r , L a n g 
C h o u , a n d K a M i n g L a u . Pure and 
Applied Geophysics, 1 9 7 7 , 1 4 6 3 - 9 1 . 
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