
Uncovering the causes of 
floods and droughts 
M u c h of eas tern Austral ia 
was flood-bound again last 
s u m m e r , a n d memor ies of t h e 
devasta t ing d rough t s of 
earlier years are beg inn ing t o 
fade. T h e w e t spell has las ted 
3 years n o w , a n d n o b o d y can 
pred ic t h o w long i t will 
con t inue . B u t we can b e 
confident of one t h i n g : it will 
e n d s o m e t ime . Aust ra l ia will 
con t inue t o b e h i t b y d r o u g h t s 
as well as floods. 

F igures for l o n g - t e r m 
a n n u a l averages tel l only p a r t 

of t h e rainfall s to ry in any 
por t ion of t h e c o u n t r y ; just as 
i m p o r t a n t is t h e r ange o f 
variat ion. T h a t th i s is large 
everywhere shows u p in t h e 
fact t ha t average rainfall 
regis t ra t ions in years t h a t are 
we t t e r t h a n n o r m a l range 
f rom 2 0 % t o m o r e t h a n 5 0 % 
above t h e n o r m a l figures. 
Averages for d f i e r - than-
n o r m a l years a re a similar 
d is tance below t h e averages 
for all years . Some t imes areas 
exper ience a succession of 
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dry years followed b y a s t r ing 
of wet ones. 

W h y ? I f we knew, it m i g h t 
b e possible to forecast 
d rough t s or floods m o n t h s or 
even years before they occur . 
W e d o n ' t know, b u t m o u n t 
ing evidence indicates t ha t 
mos t of t h e explanat ion lies in 
changes in large-scale m o v e 
m e n t s in t h e a tmosphere 
ra the r t h a n in t h e types of 
local event t ha t de t e rmine 
whe the r a par t icular day will 
b e we t or d ry . D r Barr ie 
Pi t tock of t h e C S I R O Divis ion 
of A tmosphe r i c Physics at 
Aspenda le , M e l b o u r n e , has 
recent ly identified two of t h e 
mos t impor t an t of these 
processes. 

O n e of them—for eastern 
Austral ia apparent ly t h e mos t 
impor tan t—is changes in t h e 
s t r eng th of t h e eas t -wes t 
c o m p o n e n t of t h e air 's c i rcu
lation over t h e Pacific Ocean 
a n d Austral ia . W h e n th is is 
s t ronger t h a n usual , m o r e 
w a r m mois t air sweeps d o w n 
over eastern Austral ia f rom 
t h e Coral Sea. T h e resul t is 
greater a tmospher ic i n s t ab 
ility a n d m o r e rain. 

T h i s eas t -wes t m o v e m e n t is 
l inked to a difference in 
a tmospher ic p ressure at sea 
level be tween t h e eastern 
Pacific a n d t h e region of. 
Indones ia a n d n o r t h e r n A u s t 
ralia. T h e pressure difference 
varies, a n d its m a g n i t u d e — 
often set ou t in t e r m s of an 
indicator k n o w n as t h e 
sou the rn oscillation i n d e x — 
is a measu re of t h e s t r eng th of 
t h e circulat ion. W h e n this 
index is posi t ive, t h e e a s t -
west flow is s t ronger t h a n 
u s u a l ; w h e n it is negat ive , t h e 
flow is weaker. 

T o tes t t h e l ink wi th r a in 
fall, D r Pi t tock ob ta ined 
annua l average figures for 
1913 to 1974 for m o r e t h a n 
100 rainfall distr icts t h r o u g h 
ou t Austral ia . T h e n h e looked 
for correlations wi th t h e 
oscillation index figures for 
t h e same years . T h r o u g h o u t 
eastern Austral ia , w i th t h e 
except ion of sou the rn Vic
tor ia , h e found tha t h igher -

than-average rainfall near ly 
always coincided wi th a 
posi t ive oscillation index a n d 
below-average rainfall wi th a 
negat ive one . T h e agreement 
was mos t str iking be tween 
t h e lat i tudes of Sydney and 
Townsvi l le . 

N e x t h e used statistical 
t echn iques to place t h e figures 
for rainfall variat ion in a 
series of recur r ing pa t te rns . 
E a c h pa t t e rn is i n d e p e n d e n t 
of t h e o the r s , a n d is therefore 
likely t o have its o w n separa te 
cause. 

O n e of t h e pa t t e rns tha t 
emerged accounts for m o r e 
t h a n one - th i rd of t h e rainfall 
variat ion over Austral ia , a n d 
t h e par ts of t h e coun t ry whe re 
it shows u p mos t s t rongly 
coincide closely wi th t h e areas 
whe re t h e link be tween 
rainfall and t h e oscillation 
index is firmest. D r Pi t tock 
concludes tha t changes in t h e 
eas t -wes t circulat ion com
p o n e n t , reflected in t h e index , 
account for mos t of t h a t t h i r d 
of t h e variat ion, a n d p robab ly 
for considerably m o r e t h a n a 
t h i r d in eas tern Austral ia . 

T h e o the r large-scale 
a tmospher ic process tha t h e 
has l inked wi th rainfall 
changes is t h e main n o r t h -
sou th circulat ion t h a t 
t r anspor t s hea t sou th from 
t h e t ropics . Air hea ted by t h e 
s u n near t h e equa tor r ises, 
travels po leward , a n d comes 
d o w n again usual ly s o m e 
whe re be tween t h e lat i tudes 
of Cairns a n d H o b a r t . T h e 
region of descent is t h e h igh -
pressure be l t ; th is is where 
t h e sou thward flow breaks 
d o w n to fo rm t h e h ighs a n d 
lows tha t constant ly cross 

Austral ia f rom t h e west . 
T h e h igh-pressure bel t 

always lies fur ther n o r t h in 
winter t h a n in s u m m e r , b u t 
qu i te b ig changes in its 
average la t i tude also occur 
f rom year to year. D r Pi t tock 's 
analysis shows tha t rainfall in 
t h e sou the rn par t s of Victoria 
a n d S o u t h Austra l ia is be low 
average w h e n t h e be l t is 
fur ther sou th t h a n usual a n d 
above average w h e n it is 
fur ther no r th . I n eastern areas 
of N e w S o u t h Wales a n d 
sou the rn Queens land t h e 
effect is t h e oppos i t e ; w h e n 
t h e bel t is fur ther sou th , m o r e 
ra in falls. 

T h e explanat ion for this 
seems to be t h a t w h e n t h e 
h igh-pressure bel t is fur ther 
sou th t h e ra in -bear ing 
easterly t r ade winds b low 
m o r e s t rongly onto t h e 
south-eas t coast. A t t h e s ame 
t i m e fronts e m b e d d e d in t h e 
westerl ies , wh ich b r ing ra in 
t o sou the rn areas, cross m o r e 
of t he S o u t h e r n Ocean a n d 
less of t h e con t inen t—hence 
t h e below-average rainfall 
over S o u t h Austral ia a n d 
Victoria. Statistical analysis 
suggests t ha t changes in t h e 
la t i tude of t h e h igh-p res su re 
be l t account for near ly 
one-fifth of t h e variat ion i n 
rainfall over Aust ra l ia . 

T a k e n toge the r , t h e two 
processes D r Pi t tock has 
looked a t account for abou t 
hal f of Austral ia ' s yea r - to -
year rainfall variat ions. T h e i r 
effects are greatest over t h e 
ma in eastern a n d sou the rn 
agr icul tura l areas—regions 
whe re d rough t s a n d floods 
have the i r biggest impac t . 

I f meteorologists could 

p red ic t h o w t h e eas t -wes t a n d 
n o r t h - s o u t h circulations will 
behave f rom season t o season 
or year t o year, t h e y would b e 
well on t h e way to offering 
useful d r o u g h t a n d flood 
forecasts. Bu t t h e y cannot do 
t h i s yet . M u c h m o r e needs to 
b e learn t a b o u t t h e way t h e 
a tmosphe re works . 

However , o n e t h i n g tha t 
has become clear is t ha t t h e 
p ressure difference associated 
w i t h t h e eas t -wes t air flow 
t ends t o pers is t at h igh or low 
values for m a n y m o n t h s a n d 
often for years . So after a 
switch f rom h i g h t o low 
values , for example , t h e 
circulat ion will p robab ly 
r ema in weak for s o m e t i m e . 
Indica t ions exist t h a t t h e 
swi tches , w h e n they occur , 
m a y b e l inked wi th sea 
surface t e m p e r a t u r e changes 
a n d variat ions i n ocean 
cu r r en t s as far away as t he 
coast of Pe ru . 

T h e exper ience of recen t 
years bears ou t t h e influence 
of t h e eas t -wes t circulation on 
rainfall in eas tern Austral ia . 
F o r example , i n 1972 t h e 
pressure difference was sma l l ; 
it was a dry year . I n 1973 a n d 
early 1974, t h e difference was 
usual ly m u c h grea ter , and 
m u c h m o r e ra in fell over 
eas tern Austral ia . 

Scientists in m a n y 
countr ies are s tudy ing this 
circulat ion a n d t h e pressure 
differences a n d variations in 
t h e ocean connec ted wi th it . 
I n Austral ia , researchers in 
t h e Bureau of Meteoro logy 
a n d t h e C S I R O Divis ion of 

Fisher ies and Oceanography 
are a m o n g those looking at 
aspects of t h e p rob l em. 
W e a t h e r satellites wi th 
improved e q u i p m e n t for 
moni to r ing sea surface 
t empera tu res will b e l aunched 
soon. Hopeful ly , these will 
t h r o w m o r e l ight on t h e 
subject . 

Cl imat ic change a n d t h e 
pa t t e rns of var iat ion in 
Aust ra l ian rainfall . A. B . 
Pi t tock. Search, 1975 ,6 , 
498-504 . 

The shaded areas are those where D r Pittock has found 
clear links between rainfall changes and large-scale 
atmospheric processes. 
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