
over the t ropical oceans every year. O n l y 

a very smal l n u m b e r are des t ined to be 

c o m e c y c l o n e s . What is the difference b e 

tween those that intensify in to c y c l o n e s 

and those that don ' t? Is there a m e t e o r o 

log i ca l equivalent o f the p l u g - h o l e that 

sets the bath-water c i r c l ing into a whir l 

p o o l , o r is it an inevitable c o n s e q u e n c e o f 

l a rge-sca le c i r c u l a t i o n patterns — the 

shape o f the bath itself? 

D r John M c B r i d e o f the Austra l ian N u 

merical M e t e o r o l o g y Research Centre has 

set h i m s e l f the task o f f ind ing ou t what ' s 

beh ind the spawning o f t ropical c y c l o n e s . 

Studies over the past f ew years have al

l o w e d h i m to e lucidate a n u m b e r o f the 

factors at w o r k , apart f rom those already 

k n o w n . 

F o r e x a m p l e , a l though the impor t ance 

o f adding to the spirall ing m o t i o n o f the 

d e v e l o p i n g c y c l o n e w a s k n o w n , D r 

Tropical cyclones are great whirlwinds, dangerously 
destructive in their ferocity. In the Australian region, 
about a dozen of them manifest every year, and residents 
of our tropical coast live in a state of preparedness, ready 
to seek cover and batten the storm windows whenever 
the radio indicates that a cyclone is on the loose nearby. 

A c y c l o n e behaves l ike a veh i c l e o f fate, 

drifting in first o n e d i rec t ion , then an

other. Weather forecasters w i sh they c o u l d 

predict its m o t i o n accurately, so that they 

c o u l d i ssue precise , t imely warn ings . U n 

for tunate ly , they are a l o n g w a y f r o m 

ach iev ing this, as a recent paper by D r 

T o m K e e n a n o f the Bureau o f M e t e o r o l 

o g y makes pla in . 

H e analysed the accuracy o f t ropical cy 

c l o n e forecasts for a recent 7-year per iod , 

and f o u n d these to have ' cons ide rab le ' er

ror, bo th in d i rec t ion and speed o f m o v e 

men t and in intensity. 

T h e b ig p r o b l e m is that n o b o d y k n o w s 

ful ly w h a t c a u s e s and d i rec t s the c y 

c l o n e s . W e are aware o f a n u m b e r o f pre

d i s p o s i n g f a c t o r s , a n d s o m e o f t h e 

dynamics , but w h y o n e shou ld fo rm at a 

par t icular t ime and p l a c e is n o t c o m 

p l e t e ly u n d e r s t o o d . S i m i l a r l y , all the 

forces that steer it o n its fateful c o u r s e are 

no t yet k n o w n . 

M a n y thousands o f c l o u d clusters pass 
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Trying to forecast 
tropical cyclones 

One under way, another forming. This 
infra-red picture t aken f rom the G M S - 2 
satellite on April 5, 1982, shows Cyc lone 
Bernie in the Coral Sea and the 
beginnings o f Cyc lone D o m i n i c in the 
Gul f o f Carpentaria. 



Is there a meteorological 
equivalent of the plug-hole? 

M c B r i d e has s h o w n that h igh- leve l w i n d s 

spiral l ing outwards in an an t i c l ockwi se 

d i rec t ion contr ibute as m u c h as c l o c k w i s e 

w i n d s spiral l ing inwards near the surface. 

M o r e recent ly , D r M c B r i d e has teamed 

u p wi th D r K e e n a n to l o o k at the c l ima t i c 

in f luences o n Austral ian c y c l o n e s . F r o m 

what they have found , they n o w think they 

can answer the ques t ion : 'bath or p lug

ho le ' . It seems it's the bath. I n other words , 

the large-scale a tmospher ic c i r cu la t ion 

— in particular, the m o n s o o n c i rcu la t ion 

— gives rise to c y c l o n e s , a l though the en

ergy is channe l l ed to a central f o c u s . 

T h i s c o n c l u s i o n , albeit still tentative, 

encou rages t h e m to think that prospects 

for i m p r o v i n g the success o f c y c l o n e fore

cast ing are g o o d . T h a t shou ld c o m e as 

w e l c o m e n e w s for forecasters at the three 

Aus t ra l i an T r o p i c a l C y c l o n e W a r n i n g 

Centres operated by the Bureau o f M e t e 

o r o l o g y at Perth, D a r w i n , and Br isbane . 

A difficult task 

T h e daunt ing task fac ing t h e m at the m o 

m e n t is to p r o d u c e , qu ick ly , accurate fore-

c a s t s o f t h e p o s i t i o n , d i r e c t i o n o f 

m o v e m e n t , and intensity o f a t ropical c y 

c l o n e and o f the peak tides and rainfall it 

w i l l p r o d u c e . T h e better their forecasts , 

the better wi l l be the c h a n c e o f undertak

i n g t h e m o s t a p p r o p r i a t e p r o t e c t i v e 

measures . 

D r K e e n a n ' s analysis s h o w s h o w diffi

cul t this task is. H e analysed the pos i t i on 

forecasts for c y c l o n e s in the Austral ian 

reg ion (80°E to 160°E) f rom the 1 9 7 3 / 7 4 

season to that o f 1 9 7 9 / 8 0 . H e c o m p a r e d 

the init ial ly advised pos i t i on and the 12-

hour and 24-hour forecasts wi th data de 

rived by careful analysis after the event . 

T h e difference be tween where the s torm 

centre was first thought to be and whe re , 

wi th h inds ight , D r K e e n a n f o u n d it really 

was averaged out at 69 k m . T h i s ' initial 

pos i t ion ' error is about twice that typical 

for the major Nor the rn H e m i s p h e r e c y 

c l o n e forecast centres because o f the bet

ter o b s e r v a t i o n a l da ta ( s a t e l l i t e a n d 

aircraft) there. I n particular, all t ropical 

c y c l o n e s in the Caribbean—West At lant ic 

area are routinely moni tored by the Uni ted 

States A i r F o r c e , and aircraft fly th rough 

e a c h c y c l o n e every 6 hours to g ive an up -

to-date f ix o n its intensity and loca t ion . 

In Austral ia , n o s u c h data are available. 

T h e Bureau ' s T r o p i c a l C y c l o n e W a r n i n g 

With increased data-gathering, 
Australian cyclone forecasts are 
becoming more accurate. 

Centres have to rely o n the ski l led inter

pretation o f other data sources . Signif i 

cantly, the error here is decreasing, thanks 

to the advent o f the Japanese Geos ta t ion 

ary M e t e o r o l o g i c a l Satellites G M S - 1 and 

G M S - 2 , the first o f w h i c h c a m e in to 

operat ion in 1978, and to improved coastal 

radar cove rage . D r K e e n a n estimates that 

recent forecasts o f the pos i t ions w h e r e cy

c l o n e s m a k e landfall (at least those near 

popu la t ion centres) are probably n o w o r s e 

than equivalent forecasts for the At lant ic 

and Car ibbean areas. Radar f ixes are g o o d 

to about 30 km, he found . 

T h e 12- and 24-hour forecasts for the 

seven-season per iod were o u t by an aver

age o f 150 k m and 263 k m respect ively. 

T h e yardstick for measur ing skill in s u c h 

exercises is the 'persistence' forecast. T h i s 

predicts the posi t ion the c y c l o n e wi l l m o v e 

to i f its speed and d i rec t ion remain c o n 

stant (obv ious ly d e m a n d i n g m i n i m a l skill 

o f the me teo ro log i s t ) . 

T a k i n g into a c c o u n t the error d u e to ig

norance o f the precise pos i t ions o f cy 

c l o n e s to beg in wi th , D r K e e n a n found 

that, o n average, actual forecasts were 

A measure of the cyclone forecaster's 
skill — the extent to which the forecast 
betters a 'persistence' forecast (one 
assuming a cyclone's speed and 
direction remain constant). On average, 
forecasters have done slightly better, 
and they're improving. 

sl ightly better than pers is tence forecasts. 

A l s o , as s h o w n in the d iagram, their a c c u 

racy d o e s s e e m to be steadily i m p r o v i n g as 

m o d e r n t e c h n o l o g y c o m e s to ou r aid. 

A c y c l o n e ' s intensity is even m o r e dif

f icul t to forecast than its pos i t i on . L a r g e 

errors are made , main ly because o f unre

l iable initial-pressure est imates (the c e n 

tral pressure can be translated into that 

all- important measure o f s torm intensity, 

the m a x i m u m w i n d speed) . 

D r K e e n a n f o u n d that f o r eca s t s o f 

m a x i m u m w i n d speed erred by an average 

o f about 6 5 % for weak s torms and 10%.for 

very intense s torms. H e c o n c l u d e d that 

these forecasts , even a l l o w i n g for initial 

e r roneous values , were not s ignif icant ly 

different f rom pers is tence o n e s . Better o b 

servational networks are obv ious ly needed 

to improve their accuracy. S i n c e , as o n e 

study has s h o w n , c y c l o n e damage can vary 

as the fourth p o w e r o f the w i n d speed , this 

n e e d is o f s o m e c o n s e q u e n c e . 

H o w m u c h better c o u l d c y c l o n e fore

casts be? Perhaps they c o u l d be perfect , 

g iven masses o f data and power fu l c o m 

puters runn ing numer ica l m o d e l s o f the 

weather (at least, that's an article o f be l ie f 

a m o n g s o m e m e t e o r o l o g i s t s ) . B u t , in 

pract ice , broadly h o w m u c h i m p r o v e m e n t 

c o u l d w e expec t? 

A cyclone's intensity is even 
more difficult to forecast than 
its position. 

D r K e e n a n attempted to g o s o m e way to 

answer ing this by analysing the average 

m o v e m e n t and sur rounding a tmospher ic 

pressure patterns o f 8 5 6 c y c l o n e s ( f rom 

1970 to 1980) . (He did n o t tackle the ques 

t ion o f potent ial i m p r o v e m e n t in intensity 

forecast ing. ) F r o m a statistical v i ewpo in t , 

h o w we l l d id c l i m a t o l o g i c a l and weather 

patterns cor re la te w i t h c y c l o n e m o v e 

ments , and did they provide better corre

lat ions than pers is tence a lone? 

T h e short answer is that pers is tence is 

our single mos t important forecasting tool , 

even in cases where c y c l o n e m o t i o n be

c o m e s less we l l behaved. H o w e v e r , in the 

e n v i r o n m e n t in w h i c h actual forecasts 

mus t be m a d e — where c y c l o n e pos i t ions 

are less w e l l k n o w n — the weather m a p 

c o m p o n e n t is ex t remely important . H e r e 

cor re la t ions d o emerge (mos t s t rongly be

tween wester ly m o v e m e n t and a 5 0 0 - m b 

r idge to the sou th) that are vital to increas

ing the forecast accuracy b e y o n d that pro

v ided by pers is tence. 
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D r K e e n a n stresses that his analysis 

s h o w s h o w important it is for the fore

caster to obta in accurate c y c l o n e l o c a 

t ions . A l s o he bel ieves that, because o f 

their often erratic behaviour , Austra l ian 

c y c l o n e s are inherent ly m o r e diff icult to 

predict than those o c c u r r i n g e l sewhere in 

the w o r l d . A t least w e shou ld be grateful 

that c y c l o n e s persist in their tracks as 

s t rongly as they, d o : o n average, 8 0 % o f all 

c y c l o n e s c h a n g e their speed by less than 

1 • 8 m per s e c o n d over 24 hours , and alter 

their head ing by less than 55°. 

D e s p i t e the large e l emen t o f error they 

have f o u n d in Austral ian t ropical c y c l o n e 

forecasts , D r K e e n a n and D r M c B r i d e are 

full o f praise for the c o m p e t e n c e and effi

c i e n c y o f the Bureau ' s T r o p i c a l C y c l o n e 

W a r n i n g C e n t r e s . E v e n a p e r s i s t e n c e 

forecast can ' t be carried ou t un less the cy 

c l o n e ' s current posi t ion and intensity, and 

its m o v e m e n t s over the p rev ious 12 hours , 

are accurately k n o w n . 

S i n c e c y c l o n e s always o c c u r over the 

t ropical o c e a n s , where direct pressure and 

w i n d observa t ions are scarce , the l oca t i on 

and intensity o f the central co r e o f the cy 

c l o n e m u s t be inferred indi rec t ly f rom 

surrounding scattered large-scale weather 

observat ions and f rom remote -sens ing de

v ices s u c h as satellites and radar. T h e 

interpretation o f s u c h data depends criti

ca l ly o n the training and expe r i ence o f the 

m e t e o r o l o g i s t o n duty. 

Where and why 

T r o p i c a l c y c l o n e s fo rm over w a r m o c e a n s 

in the t rop ics , but rarely wi th in 5° o f the 

equator , as the pressure gradients at very 

l o w la t i tudes are i n s u f f i c i e n t . I n the 

Southern H e m i s p h e r e they usual ly fail to 

fo rm m o r e than 20° south o f the equator 

because the sea surface temperature isn ' t 

h igh e n o u g h (it needs to be m o r e than 

about 27° C ) to feed sufficient mois tu re 

and heat energy into the system. 

Tortuous tracks make forecasting 
difficult. Nevertheless, 'persistence' 
(assuming a straight track) is the best 
starting point for making a forecast. 

Other prerequisi tes for c y c l o n e forma

t ion are k n o w n . D r M c B r i d e , f rom his 

analysis o f c y c l o n e s , sees the f o l l o w i n g as 

be ing the m o s t important . 

• A n uplift o f air o f m o r e than about 1000 

metres per day is necessary near the 

surface. T h i s c o m e s about by air spir

a l l ing in towards the eye — f rom there 

it c a n o n l y g o up . T h e same behav iour 

o c c u r s h igher u p t o o . A b o u t half o f the 

air mass f l o w s in f r o m a b o v e 1 k m 

altitude. 

• T h e m o s t easi ly m e a s u r e d quant i ty 

separating a c y c l o n e f rom just another 

c l o u d cluster is the speed o f tangential 

w i n d s . Va lue s for. c y c l o n e precursors 

— o f 4—5 metres per s e c o n d at a radius 

o f 500 k m — are more than doub le those 

found in other systems that don ' t de 

v e l o p in to c y c l o n e s . 

• A t s o m e stage, the inc ip ien t c y c l o n e 

mus t d e v e l o p an an t i cyc lone at h i g h al

titude. S tacking an an t i cyc lone (spir

al l ing ant ic lockwise) o n top o f a c y c l o n e 

( g o i n g c l o c k w i s e ) l e a d s t o l a r g e 

amounts o f shear — a l though near the 

eye, w h e r e mois ture and heat energy 

b u i l d u p , a c o n t i n u o u s c o l u m n re

mains . T h e shear patterns can extend 

over a 10° latitude radius, indica t ing 

that c y c l o n e s are b rough t in to be ing by 

large-scale f l o w patterns. Sma l l c l o u d 

clusters a round w h i c h the c y c l o n e in

tensifies act mere ly as the trigger, D r 

M c B r i d e be l ieves . 

• C y c l o n e s have a warm, mo i s t c o r e , but 

i n t he e a r l y d e v e l o p i n g s t a g e t he 

temperature differs by o n l y 1°C b e 

tween centre and outs ide — a differ

e n c e diff icult to detect o n an individual 

w e a t h e r cha r t . N e v e r t h e l e s s , o v e r 

hundreds o f square k i lometres , a large 

quanti ty o f latent heat energy is stored 

as water vapour , and is re leased w h e n 

rain falls. 

• T h e si tuation out l ined above means 

that c y c l o n e s can mainta in themselves 

on ly t h rough energy rece ived f rom the 

o c e a n . A n d so c y c l o n e s w e a k e n or d ie 

w h e n this source o f energy is cu t off, as 

happens w h e n they cross the coas t . 

Australian cyclones 

W h i l e Austra l ian c y c l o n e s s h o w all these 

general characteris t ics , recent studies by 

D r M c B r i d e and D r K e e n a n have re

vealed s o m e further interesting and unu

sual features. In particular, our c y c l o n e s 

prefer to fo rm near the coas t l ine (about 

ha l f or iginate wi th in 300 k m o f it) and, 

surpris ingly, often beg in life over land. 

S o m e t i m e s a c y c l o n e c rosses the coas t 

and loses intensity over land, but then in

stead o f dy ing 'regenerates ' by g o i n g back 

over the o c e a n . 

A l t h o u g h s o m e s u c h cases can b e f o u n d 

outs ide the Austral ian r eg ion , they are 

cer ta in ly m o r e c o m m o n here , wi th 1 2 % o f 

Australian tropical c y c l o n e s fo rming f rom 

previous ly exis t ing ones : 

This computer simulation shows how air 
spirals in clockwise at the bottom, rises, 
and leaves in an anticlockwise spiral at 
high altitude. 

The dots on this map show where 
cyclones originated between 1959 and 
1979. About half originated within 
300 km of the coast. Circles show where 
a cyclone sprang back to life after 
waning over land. 
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O n e striking case was C y c l o n e M a d g e 
in 1973 . It was initially c lass i f ied as a 
t ropica l c y c l o n e in the P a c i f i c O c e a n , 
c rossed land and was reclassif ied as a cy 
c l o n e in the G u l f o f Carpentaria, made 
landfall o n c e m o r e , and later was classi
fied as a t ropical c y c l o n e over the Indian 
O c e a n . 

A m a p prepared by the research pair 
shows po in t s o f o r ig in for all the c y c l o n e s 
in the Austra l ian r eg ion over the 2 0 years 
1959—79. A striking feature is the c lus 
tering o f poin ts a round four h igh ly pre
ferred loca t ions . T h e m a x i m u m n u m b e r 
o f c y c l o n e s in a season was 19 in 1 9 6 2 / 6 3 ; 
the m i n i m u m was seven ( i nc lud ing three 
cases o f regenerat ion) in 1 9 7 8 / 7 9 . 

Further analysis o f the data revealed 
another striking feature: o f 38 c y c l o n e s 
that deve loped between 1974 /75 and 1 9 7 8 / 
79 , m o r e than half o f those m a k i n g their 
pre l iminary appearance in the western re
g i o n o f the cont inen t (west o f 125°E) did 
so over land. 

A s yet, the researchers are unable to 
offer an explanat ion , but o n e b ig c l u e to 
e m e r g e f rom their analysis is that c y 
c l o n e s appear to be strongly l inked to the 
Austra l ian m o n s o o n . In 8 4 % o f cases (32 
o f the 38 ) , their precursors first appeared 
w h e n they were o n the ' m o n s o o n shear 
l ine ' . A t the po in t at w h i c h they were 
actually classif ied as t ropical c y c l o n e s , 37 
o f the 38 were o n this l ine . 

T h e m o n s o o n shear l ine — the l ine o f 
s epa ra t ion b e t w e e n the eas te r ly trade 
w i n d s and the westerly equatorial w i n d s 
— is the m o s t easily identif ied feature o n 
the surface weather chart in the t ropics . It 
is present every day th roughou t the sum
mer , and usual ly extends right across the 
reg ion f rom 105° to 165°E. 

T h e graph s h o w s the seasonal m o v e 
m e n t in latitude o f this l ine , and o f cy 
c l o n e poin ts o f or ig in . T h e y f o l l o w e a c h 
other c lo se ly . 

A ray of hope 

T h e c l o s e c o n n e c t i o n be tween c y c l o n e s 
and m o n s o o n systems rekindles h o p e that 
c y c l o n e s may be amenable to forecas t ing 
after all , a c c o r d i n g to D r M c B r i d e . H o w 
ever, as D r K e e n a n ' s analysis s h o w e d , it 
is un l ike ly that s imple synopt ic m o d e l s 
wi l l b e o f m u c h he lp . Rather , the h o p e l ies 
in c o m p u t e r m o d e l s . 

A c o m p u t e r by itself doesn ' t guarantee 
succes s , as an earlier paper by D r K e e n a n 
s h o w e d . I n d e e d , s o m e c o m p u t e r p r o 
grams are available to assist in c y c l o n e 
forecast ing, but again, they can per form 
p o o r l y . T h e y are u s u a l l y s t a t i s t i c a l 
s c h e m e s , c o m p a r i n g the c y c l o n e at hand 

The graph shows a strong connection 
between the latitude of cyclone origins 
and that of the monsoon shear line (the 
line separating the easterly trade winds 
and the westerly equatorial winds). 

Radar allows cyclones to be accurately 
tracked, which improves the reliability of 
subsequent forecasts. The eye of 
Cyclone Hazel (March 1979) appears 
here on the radar screen of Learmonth 
Meteorological Office. 

Persistence is our single most 
important forecasting tool. 

with a mul t i tude o f m o r e or less similar 
past c y c l o n e s . N o n e , D r K e e n a n found , 
per formed better than pers is tence . 

H o w e v e r , as a l luded to earlier, numer 
ica l m o d e l s s imu la t i ng the day- to-day 
changes o f the large-scale f l o w o f the at
m o s p h e r e may d o the trick. In Austral ia at 
present, these aren't used for c y c l o n e fore
cast ing, but n o doub t they're c o m i n g . A l 
ready the first step has been taken, and a 
c o m p u t e r p rog ram has b e e n d e v e l o p e d 
that c o u l d draw the weather maps at the 
D a r w i n weather of f ice . 

T h e c o m p u t e r m e t h o d , c u r r e n t l y 
undergo ing testing before routine use , was 
deve loped by M r N o e l D a v i d s o n and D r 
Bryant M c A v a n e y , o f the Austra l ian N u 
merical M e t e o r o l o g y Research Centre. Its 
ma in feature, valuable in the t ropics , is its 
ability to extend its analysis in to areas 
wi th n o data. It does this by searching its 
data banks for yesterday's and past sea

sons ' va lues , and c o m p a r i n g these with 
the va lues o f n e i g h b o u r i n g stations to 
c o m e up wi th a first guess . 

Re f in ing o f all the data then takes p lace 
unti l the m o s t consis tent set o f me t eo ro 
log i ca l data is p r o d u c e d . A s s e s s m e n t o f 
the s c h e m e ' s p e r f o r m a n c e b y D a r w i n 
forecasters has c o n v i n c e d t h e m o f its skill. 

Satellites and compute r s are rais ing our 
h o p e s that t ropical c y c l o n e s wi l l b e c o m e 
m o r e predic tab le . D r M c B r i d e and D r 
K e e n a n b o t h agree, h o w e v e r , that i m 
proved data resources and m o r e advanced 
t e c h n o l o g y can g o on ly part o f the way to
wards the p roduc t ion o f accurate t ropical 
c y c l o n e forecasts . A factor o f at least equal 
impor tance is the n e e d for greater physi
ca l unde r s t and ing o f h o w t rop ica l c y 
c l o n e s work . 

F o r this reason they stress that research 
effort shou ld a im at e luc ida t ing the fun
damental phys ica l m e c h a n i s m s govern
ing a c y c l o n e ' s c h a n g e in pos i t i on and 
intensity. O n c e the physical m e c h a n i s m s 
are k n o w n , they argue, improved forecasts 
wi l l f o l l o w automatical ly; ' y o u can ' t h o p e 
to forecast it i f y o u don ' t k n o w what ' s 
m a k i n g it g o ' , runs their adage. 

Whe the r the improvemen t s c o m e f rom 
m o r e data, power fu l c o m p u t e r s , better 
physica l unders tanding, or a c o m b i n a t i o n 
o f all factors, more-accura te forecasts w i l l 
h e l p to r educe the annual wor ld -wide cy
c l o n e d a m a g e bi l l o f $6000 m i l l i o n . 

Andrew Bell 
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