
By about 9 p.m. the breeze had become a gale; it increased 
steadily. The first really strong gust struck just before I a.m., 
but the very strongest winds of cyclone Tracy did not really 
set in for another hour. By 5 a.m., when the winds abated, 
Darwin lay in ruins. 

Cyclone T r a c y h a d b e e n b y far t h e 
m o s t des t ruc t ive cyclone ever to h i t A u s 
tral ia. T h e official d e a t h toll i n D a r w i n 
was 4 9 , a n d ano the r 16 people were 
miss ing , p r e s u m e d d r o w n e d a t sea. 

Along t h e coast of n o r t h e r n Austra l ia 
t ropica l cyclones a re a fact of life. O n 
average, m o r e t h a n th ree cross or come 
close t o o u r shores each year. W e wil l 
have t o c o m e to t e r m s w i t h t h e m if we 
i n t e n d t o live along our n o r t h e r n coastl ine. 
As m o r e people live t h e r e a n d towns 
b e c o m e larger , t h e cost of cyclones—in 
t e r m s of b o t h h u m a n misery a n d mater ia l 
de s t ruc t i on—mus t become steadily g rea t 
er unless w e d o some th ing a b o u t i t . 

T h r e e very des t ruct ive cyclones have 
h i t heavily popu l a t ed areas du r ing t h e 
last 5 years—cyclone A d a i n J a n u a r y 
1970, wh ich w r o u g h t havoc o n H a y m a n 
I s l and a n d o the r nea rby resorts a n d 
Prose rp ine ; cyclone Al thea , wh ich d id a 
lot of d a m a g e in Townsv i l l e on Chr i s tmas 
E v e , 1972; a n d cyclone T r a c y . As r o u g h 
es t imates , these t h r e e cyclones cost $12 
mi l l ion , $25 mil l ion, a n d $500-1000 
mil l ion respectively. 

D u r i n g t h e last decade t h e Bureau of 
Meteoro logy has m a d e large s t r ides i n 
finding ways t o w a r n people of a p p r o a c h 
ing cyclones. Cyclone A d a ki l led 13 

peop le , b u t t h e m u c h larger cyclone 
Al thea caused only t h r e e dea ths—at least 
pa r t l y because t h e inhab i tan t s o f T o w n s 
ville were be t t e r in formed as a resu l t of 
t h e Bureau ' s efforts. Cons ider ing t h e 
to ta l devasta t ion of large par t s of D a r w i n , 
o n e can only marve l t h a t t h e d e a t h tol l 
t h e r e was no t m u c h h igher . 

B u t warn ing people o f approach ing 
cyclones a n d advis ing t h e m w h a t p r e 
caut ionary measures t h e y shou ld take 
canno t b e t h e whole answer . T o k n o w a 
cyclone is coming doesn ' t h e l p people t h a t 
m u c h if the i r houses b low d o w n . Some 
way will have to b e found t o a t least 
great ly r e d u c e t h e d a m a g e to bu i ld ings . 
T h e exper ience of D a r w i n suggests t h a t 
w e can bu i ld reasonably cyclone-resis tant 
shops , office b locks , a n d factories, b u t 
can we bu i ld cyclone-proof houses? 

L i t t l e r e s e a r c h 

H e r e i n Austral ia w e have n o t d o n e 
m u c h research in to h o w bui ld ings w i t h -

To know a cyclone is coming 
doesn't help people that much 
if their houses blow down. 

s t and cyclonic w i n d s . D r G e o r g e Walke r 
a t t h e Eng inee r ing D e p a r t m e n t of t h e 
Un ive r s i t y of Townsvi l l e carr ied ou t 
deta i led s tudies of t h e damage done i n 
Townsv i l l e b y cyclone Al thea , a n d on h i s 
r e c o m m e n d a t i o n t h e local Queens l and 
bu i ld ing codes , a n d also t h a t u s e d i n 
D a r w i n , were t igh tened cons iderably . 

Several exper t g roups su rveyed t h e 
des t ruc t ion i n D a r w i n immedia te ly . T h e 
Aus t ra l i an D e p a r t m e n t of H o u s i n g a n d 
Cons t ruc t ion b r o u g h t toge ther t h e largest 
t e a m , wh ich inc luded D r Walke r a m o n g 
its n u m b e r . T h e D e p a r t m e n t flew h i m 
i n f rom t h e U n i t e d K i n g d o m , w h e r e h e 
a n d his family were o n sabbatical leave a t 
t h e t i m e of t h e cyclone. I t also c o m 
miss ioned t h e pr iva te c o m p a n y H a l p e r n , 
Glick P t y L t d t o assist D r Walke r . 

D r B o b Leices ter a n d M r G r e g R e a r d o n 
f rom t h e Des ign Science Sect ion of t h e 
CSIRO Divis ion of Bui ld ing Resea rch 
m a d e a separa te survey. 

All t h e invest igators agree t h a t i t is 
poss ible t o bu i ld houses as well aS o the r 
bu i ld ings t h a t can w i t h s t a n d cyclones, b u t 
th i s will r equ i r e a radically n e w a p p r o a c h . 
I t could also b e r a the r m o r e expensive . 

Al l bu i ld ings will have t o b e ' eng i 
n e e r e d ' . T h e t radi t ional co t tage-con
s t ruc t ion m e t h o d s of bu i ld ing h o u s e s — 
descr ibed b y o n e invest igator as us ing ' a 
pi le of t i m b e r m e m b e r s fas tened t o each 
o the r w i t h a few na i l s '—has p r o v e d 
comple te ly i nadequa t e . 

Des ign ing cyclone-res is tant bu i ld ings 
requ i res a n u n d e r s t a n d i n g of w h a t t ropical 
cyclones real ly a re . As t h e m a p shows , 
t ropical cyclones fo rm over all t rop ica l 
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Cyclone Tracy seen by radar over Darwin airport at 4.15 on Christmas morning. 

anemometer (failed) 

Bureau of Meteorology calculations 

method 1 330 

method 2 310 

method 3 248 

Dr Walker 234-252 

Halpern Glick (from signs and poles) >263 

Dr Leicester 306 

actual 280? 

Where tropical cyclones form. 

oceans except t h e S o u t h At lant ic . T h e y 
fo rm in two bands located be tween 8° a n d 
20° la t i tude each side of t h e equa to r . 
T h e y s tar t as areas of low pressure a n d 
c loud located over areas of w a r m water , 
w h i c h m u s t b e above 2 5 · 5 ° C . T h e sea 
has to b e this w a r m because , for a 
cyclone to form, t h e air above t h e water 
m u s t rise to 12 k m a n d still r e m a i n 
w a r m e r t h a n t h e s u r r o u n d i n g air a t t h a t 
level. W h e n t h e r ight condi t ions exist , 
t he low-pressure area m a y (bu t b y n o 
means always will) deve lop in to a 
t ropical cyclone. 

I n a m a t u r e cyclone, w a r m mois t 
t ropical air is cont inuously sucked in a t 
t h e base . I t spirals in t owards t h e cen t re 
of t h e s t o r m un t i l it reaches t h e area of 
t h e eye wall . H e r e t he winds usual ly b low 
in a circle a r o u n d t h e compara t ive ly still 
eye, a n d t h e w a r m air rises some 12 k m 
to t h e u p p e r t r oposphe re , whe re it flows 
ou t in to t h e s u r r o u n d i n g colder air. 
W i n d s b low clockwise in t h e Sou the rn 
H e m i s p h e r e , a n d ant i-clockwise n o r t h of 
t h e equa to r . 

O n c e a cyclone moves over land, or 
moves across t h e cooler waters of t h e 
h igher la t i tudes , t h e supp ly of w a r m air to 
b e sucked in to t h e cen t re dr ies u p . T h e 
cyclone t h e n gradual ly degenera tes . 

C y c l o n e s , h u r r i c a n e s , t y p h o o n s 

H e r e in Aus t ra l i a we refer t o a t ropica l 
low-pressure area as a t ropical depress ion 
if i ts w ind speeds are less t h a n 62 k m pe r 
h o u r (39 m . p . h . ) , as a t ropical cyclone 
w h e r e t h e winds are b e t w e e n 62 a n d 117 
k m pe r h o u r , a n d as a severe t ropical 
cyclone w h e r e t h e winds exceed 117 k m 
pe r h o u r (73 m . p . h . ) . T h e Amer icans 
refer to such severe t ropica l cyclones as 
hu r r i canes , a n d countr ies bo rde r ing on 
t h e Ch ina Sea or t h e Bay of Bengal call 
t h e m typhoons . 

E s t i m a t e d m a x i m u m speeds of w ind 
gusts at D a r w i n were be tween 230 a n d 
270 k m p e r h o u r (140 a n d 160 m .p .h . ) , at 
Townsv i l l e 200 k m p e r h o u r , a n d a t 
H a y m a n I s l and 160 k m pe r h o u r . A piece 
of flying debr is p u t t h e a n e m o m e t e r ou t 
of act ion before t he eye of t h e cyclone 
reached i t a t D a r w i n , b u t i t had a l ready 
r eco rded 215 k m per h o u r . Inc identa l ly , 
h u r r i c a n e Celia, wh ich caused severe 
d a m a g e i n t h e T e x a s city of Corpus 
Chr i s t i i n 1970, p r o d u c e d w i n d speeds of 
u p t o 260 k m p e r hour—simi la r t o those 
of cyc lone T r a c y . 

Often, ra in pou r ing in to de-roofed 
houses , warehouses , or o the r bui ld ings 
causes as m u c h costly damage as the 
w inds themse lves . Typica l ly , t ropical 
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cyclones p r o d u c e be tween 250 a n d 500 
m m of ra in , wh ich is d i s t r ibu ted w i t h i n 
t h e cyclone in spiral b a n d s . T h e s e b a n d s 
p rov ide a m e a n s of t racking t h e cyclones, 
since t h e y can b e seen on a r ada r screen. 
I n fact, t h e Bureau of Meteoro logy 
opera tes a ne twork of r ada r cyc lone-
t racking instal lat ions t h a t covers t h e 
en t i re eas tern Aust ra l ian coast f rom n o r t h 
of Cook town to t h e region of Graf ton i n 
N e w S o u t h Wales . I f located on h i g h 
g r o u n d , such r ada r installations can give 
accura te fixes of a cyclone's posi t ion u p 
to a d is tance of abou t 330 k m . 

A t t h e CSIRO Divis ion of Bui ld ing 
Resea rch at H ighe t t nea r M e l b o u r n e , D r 
Leicester a n d M r R e a r d o n , of t h e Des ign 
Science T e a m , have for t h e pas t 3 years 
b e e n s tudy ing w i n d (and flood) damage 
to bui ld ings all over Austra l ia . H i g h How Tracy crossed Darwin. 

winds d o n ' t only occur d u r i n g t ropical 
cyclones. S t rong gusts t ha t damage 
bui ldings m a y occur anywhere o n t h e 
Aust ra l ian cont inent . D u r i n g cyclones 
t h e gusts m a y or m a y no t b e s t ronger , 
b u t t h e y are m u c h m o r e f requent a n d 
pro longed . F o r example , t h e h ighes t 
r ecorded gus t in t h e M e l b o u r n e area was 
163 k m per h o u r a t Po in t H e n r y — 3 k m 
pe r h o u r h igher t h a n t h e h ighes t recorded 
at H a y m a n I s l and d u r i n g cyclone Ada . 

Sooner or later gus ts of u p to 120 k m 
per h o u r occur o n every s u b u r b a n bu i ld 
ing block in Austra l ia . Such gusts a re 
s t rong e n o u g h to lift heavy t i le roofs. 
L igh twe igh t shee t -meta l roofs m a y lift a t 
w i n d speeds as low as 50 k m pe r h o u r . 
U n l i n e d shee t -meta l warehouse roofs 
t e n d to b e par t icular ly vu lnerab le t o these 
lower-speed winds . E v e n t h e presence of 
insula t ion a n d roof l inings increases t h e 
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weight o f a roof cons ide rab ly—and hence 
also t h e u p w a r d force r equ i r ed to lift i t . 

W i n d speeds of u p t o 160 k m per h o u r 
occur du r ing violent t h u n d e r s t o r m s a n d 
to rnadoes ( they can go u p to m o r e t h a n 
300 k m per h o u r in to rnadoes in N o r t h 
Amer ica) . Such a s t o r m h i t J i n d a b y n e in 
t h e Snowy M o u n t a i n s area of s o u t h e r n 
N e w Sou th Wales in 1973. T h i s lifted a 
scout hal l complete ly off i ts p ie rs . T o t a l 
devasta t ion of convent ional types of 
' co t tage cons t ruc t ion ' occurs a t w i n d 
speeds of a r o u n d 200 k m per h o u r . 

As a resul t of the i r invest igat ions in to 
t h e effects of s to rms such as t h e one a t 
J i n d a b y n e , D r Leicester a n d his col
leagues have been able to sugges t a 
n u m b e r of ways in wh ich convent ional 
bui ld ings can b e s t r eng thened to w i t h 
s t and h ighe r w i n d speeds . 

T h e y conc luded t h a t t h e ma in source 
of weakness was t h e roof a t t a chmen t . I f 
t h e roof could be p reven ted f rom b lowing 
off, t h e n t h e comple te house shou ld have 
e n o u g h r ig id i ty t o resist very s t rong 
winds i ndeed . 

At t h e Unive r s i ty of Townsvi l l e , D r 
Walker conc luded m u c h t h e same t h i n g 
from his s tudy of t he damage p r o d u c e d b y 
cyclone Al thea . Consequen t ly t h e m a i n 
change b r o u g h t in to b o t h t h e Queens l and 
a n d N o r t h e r n T e r r i t o r y bu i ld ing codes 
for cyclone areas was t h a t s t rong cyclone 
bol ts a n d o the r special fasteners shou ld b e 
used t o firmly secure t h e roof of a h o u s e 
t h r o u g h its walls t o its floor. I f th is were 
p rope r ly d o n e , t h e house shou ld a t least 
b e able t o survive t h e winds of u p t o 
200 k m pe r h o u r exper ienced d u r i n g 
cyclone Al thea . 

P u n d i t s c a u g h t o u t 

Cyclone T r a c y , w i t h its m a x i m u m w i n d 
speeds possibly as h i g h as 280 k m pe r 
h o u r , was ano the r ma t t e r . D a r w i n ' s n e w 
est s u b u r b s , T i w i a n d Anu la , h a d b e e n 
bu i l t following t h e modified code. N e v e r 
theless , practical ly every house i n these 
two s u b u r b s was des t royed. 

O n t h e whole , D a r w i n ' s engineered 
bui ld ings like flats, t h e larger mote l s , 
schools , a n d city bu i ld ings , wh ich h a d 
b e e n des igned in consul ta t ion w i t h a 
s t ruc tura l engineer t o w i ths t and h igh 
w i n d s , surv ived well . M o s t of t h e damage 
was done to par t s such as t h e roofs , whe re 
t rad i t ional cot tage cons t ruc t ion h a d been 
used , a n d n e i g h b o u r i n g par ts of t h e t o p 
floor. 

Houses bui l t whol ly us ing t rad i t iona l 
co t tage-cons t ruc t ion t echn iques , on t h e 
o ther h a n d , fared very badly . M o r e t h a n 
5 0 % of all houses in D a r w i n were des 

t royed , a n d only abou t 5 % h a d only 
m i n o r damage a n d were cons idered t o b e 
in tact . Single-storey houses at g r o u n d 
level t e n d e d to do be t t e r t h a n those 
raised on sti l ts , a n d newer houses of b o t h 
designs fared worse t h a n older ones . 

Never the less , D r Leicester poin ts ou t , 
this does no t necessari ly m e a n t h a t t h e 
t radi t ional t ropical house raised o n piers 
is unsu i tab le for cyc lone-prone areas . H e 
regards t h e p r o b l e m of bu i ld ing cyclone-
res is tant houses as a n engineer ing one , 
no t an archi tec tura l one . H e does no t 
t h ink t h a t a rchi tec tura l features like t h e 
actual shapes of houses were cri t ical 
factors in t h e i r ability t o survive t h e h igh 
winds . H e suggests a n u m b e r of reasons 
w h y t h e o lder houses of b o t h t h e raised 
a n d ground- leve l types fared bet ter . N o t 
least is t ha t the i r roofs were m o r e 
securely t i ed d o w n a n d he ld toge ther . 
T h e s e houses were also be t te r b raced a n d 
h a d less window space in the i r walls. I n 
addi t ion , t hey were bui l t of heavier and 
m o r e sui table mater ia ls . I n o the r w o r d s , 
f rom t h e engineer ing po in t of view, t h e y 
were be t t e r engineered (albeit , m o r e often 
t h a n no t , accidental ly) . 

Newer houses of both designs 
fared worse than older ones. 

Accord ing to D r Walke r ' s observa
t i ons , t h e design t h a t d id bes t of all was 
t h e older single-storey house wi th b r i ck 
cavity walls on a concrete floor. T h e 
cor ruga ted- i ron t imber - f r amed h i p roof 
was suppo r t ed b y a con t inuous re inforced 
concre te b e a m t h a t was securely anchored 
some 1½ met res d o w n in t h e br ick walls. 
P robab ly less t h a n 1 0 % of these houses 
were damaged beyond repai r . A small 
g r o u p of precast concre te houses bu i l t 
t o an a lmost ident ical design, except t h a t 
t h e br ickwork was rep laced by hol low 
concrete pane ls , pe r fo rmed equal ly well . 

M o r e recent ly bui l t s ingle-s torey houses 
t e n d e d to have a t imber - f ramed s t ruc tu re 
wi th brick veneer on t h e e n d walls. T h e y 
d i d n ' t d o at all well . T h e br ick veneer 
f requent ly collapsed, and t h e t i m b e r 
frame buckled in t h e same way as those 
in t he houses m o u n t e d on p ie r s . 

F o r a n u m b e r of reasons , a still m o r e 
recent des ign wi th masonry walls d id even 
worse—almost all were des t royed. 

R i g i d i t y l o s t 

T h e course of events tha t led to d is in te
grat ion of a t imber - f r amed house usual ly 
followed one of two pa t t e rns . I n t h e first 
case, pa r t of t h e meta l sheet ing on the 

roof blew off, a n d often m o r e followed. 
Consequent ly , t h e roof s t ruc tu re lost 
some of its r igidi ty, s ince it d e p e n d e d on 
the sheet meta l to keep it solid. T h e 
rigidity of t h e rest of t h e house depended 
on the roof be ing in place, so once t he 
roof was damaged the t imbe r f rame of 
t h e walls often began to sway sideways 
(technically known as racking) . Final ly t he 
whole s t ruc tu re col lapsed and blew away. 

I n t he second case t h e first event was 
damage to t he w i n d w a r d wall by flying 
debr is . O n e of t h e mos t commonly used 
materials for covering t h e t imber - f rame 
walls (cladding) was asbes tos -cement 
shee t ing . T h i s mater ia l is cheap , bu t 
very br i t t le , and w i n d - b o r n e missiles like 
roofing i ron a n d smaller objects sha t te red 
it very easily. T h e outer layer of br ick in 
br ick-veneer houses often b lew i n or was 
b roken by such missiles t o o . Regardless of 
w h y the wall c ladding failed, t he wall 
became weakened because it d e p e n d e d on 
the c ladding for s t ruc tura l s t reng th . Once 
again racking often ensued , wh ich finally 
led t o dis integrat ion of t h e house . 

I n b o t h cases t h e house finally d i s in te 
g ra ted because p a r t of i ts s t r eng th res ided 
in t h e roof or wal l c ladding , which failed. 
A p r o b l e m is t ha t very few s t rength tests 
have ever b e e n done on c ladding mater ia ls , 
so i t ' s difficult t o know w h e n bui ld ing a 
house h o w m u c h ex t ra s t r eng th t h e 
c ladding can yield. I n addi t ion , very little 
research has been done i n any coun t ry o n 
t h e damage caused by flying debr i s . F o r 
these reasons , in D r Leices ter ' s op in ion , 
a cyclone-proof house shou ld no t d e p e n d 
on its c ladding for i ts s t r eng th a t a l l . 
Ideal ly , h e th inks , such a h o u s e shou ld 
contain a f rame t h a t is capable of w i t h 
s tanding all t h e forces likely t o be p u t on 
it b y a cyclone wi thou t any assistance 
f rom t h e roof or wall mater ia ls . 

T h i s idea sounds s imple , b u t in fact it 
is a revolut ionary approach to bu i ld ing 
houses . T h e house -bu i ld ing indus t ry is 
based on t rad i t ion . I t uses m e t h o d s 
h a n d e d d o w n f rom one genera t ion t o t h e 
nex t , and bu i ld ing t echn iques a re t h e e n d 
p roduc t of years of tr ial a n d error . Usua l ly 
a bu i ld ing pract ice is only modified or 
d i scon t inued w h e n it is found want ing . 
F o r cyclones as in tense as T r a c y , D r 
Leicester th inks tha t t h e whole t rad i t iona l 
approach to house -bu i ld ing has been 
found wan t ing , a n d t h e o the r invest igators 
of t h e effects of t he cyclone agree to a 
grea ter or lesser extent . 

O f course , D r Leices ter ' s approach has 
two difficult ies—builders would be re luc t 
an t to use i t , a n d it may prove m o r e 
expensive. However , t h e n e w bui ld ing 
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Condition of Darwin's houses — Dr Walker's survey 

Example of racking. 

codes for D a r w i n do specify tha t every 
house design m u s t be checked for s t r eng th 
by a s t ruc tura l engineer , wh ich has never 
before been specified in Austral ia . N e v e r 
theless , mos t of t h e houses bui l t in t h e 
W e s t e r n Aust ra l ian c o m p a n y towns of 
D a m p i e r a n d Po r t H e d l a n d are engineered 
to resist cyclones, so t he idea is n o t 
ent i re ly u n t r i e d . 

R o o f i n g i r o n 

Fai lu re of t h e me ta l roof sheet ing su r 
pr ised everybody. D r Walker ' s s tudies 

Keeping on the roofing iron would 
reduce the flying debris. 

h a d revealed tha t in Townsvi l le whole 
roofs h a d been b lown off in large n u m b e r s , 
b u t in D a r w i n the roof f rame often r e 
m a i n e d firm, a t least t o start wi th , a n d t h e 
meta l sheets to re off a r o u n d t h e washers 
on t he screws t h a t he ld t h e m d o w n . 

D r Leicester and his colleagues were 
p u z z l e d w h e n they d id s t reng th tests on 
t h e various me ta l sheet ing mater ia ls and 
the i r fasteners , because t he loads t h a t t he 
me ta l sheets could carry were m a n y t imes 
those t h a t could have possibly been 
appl ied dur ing the cyclone. T h e n i t 
became appa ren t t h a t t h e failures were 
connec ted wi th t he fact t h a t du r ing a 
cyclone t h e sheets wou ld no t r e m a i n 
s ta t ionary, resist ing t he forces u p o n 
t h e m , b u t wou ld v ibra te u p a n d down . 
Qui te p robab ly they wou ld do this 10 000 
times du r ing t h e cyclone, w i th t he resul t 
t h a t me ta l fatigue m i g h t well occur 
a r o u n d t h e fastenings. 

Subsequen t laboratory tests carr ied out 
b y t h e D e p a r t m e n t of H o u s i n g and 
Cons t ruc t ion i n fact revealed tha t corru
gated i ron wou ld b e only one-s ixth as 
s t rong i n this s i tuat ion as it wou ld b e if a 
single load was be ing appl ied t o i t . Both 
t h e D e p a r t m e n t a n d CSIRO are now 

Hurricane Ellen over the Atlantic as 
seen from Skylab 3, September 1973. 

Dr Leicester's recommendations for houses built in cyclone-prone areas. 
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number % 

total in Darwin about 8000 

surveyed 6981 

destroyed 3675 53 

declared intact (minor damage only) 408 6 

declared repairable (roof damage only) 1730 25 

declared repairable (roof and wall damage) 1168 16 



testing modified fasteners to see i f they 
can overcome the problem. 

In practice, the decision on whether it 
is desirable to build completely cyclone-
proof houses depends on their cost, and 
the likely frequency o f cyclones in the 
area in question. T h e Darwin cyclone 
was undoubtedly the strongest to strike 
an Australian city, but was it an isolated 
case not likely to happen again in the 
foreseeable future? 

Darwin has been struck by four cyclones 
in living memory—Tracy in 1974, two 
much less devastating ones in 1917 and 
1937, and one that was probably as 
devastating as Tracy in 1897. T h e city has 
also had a number o f near misses. 

At 12° South, Darwin is close to the 
northern limit o f where cyclones can 

form. T h e map o f cyclone paths around 
northern Australia shows that the North
ern Territory coast suffers them relatively 
infrequently compared with coastal areas 
o f the northern half o f Western Australia 
and Queensland. In fact, the most 
cyclone-prone areas are the Queensland 
part o f the Gulf of Carpentaria, the 
region between Cooktown and Rock-
hampton on the Queensland coast, and 

the Roebourne to Wyndham region o f the 
Western Australian coast. While the 
Western Australian company towns like 
Dampier and Port Hedland are compara
tively well designed for cyclonic condi
tions, the same cannot be said for the 
towns along the Queensland coast. 

R e c o r d s too short 

T h e problem with deciding the cyclone 
risk for any Australian town is that 
reasonably accurate records have only 
been kept for about 60 years, which is 
too short a period for making accurate 
predictions. 

Take the case o f Bowen. I t experienced 
no cyclones for 74 years—between 1884 
and 1958—and the myth had arisen 
among the local people that the town was 

Can we modify tropical cyclones? 

T h e Americans are the only people doing 
research in this field. Their results sug
gest we can. It 's a difficult and frustrating 
field of research, but at the National 
Hurricane Research Laboratory, Miami, 
Florida, Project Stormfury has been in 
operation since 1961. This program aims 
at reducing the maximum wind speeds 
within hurricanes by seeding them with 
silver iodide. 

One o f the main problems is that 
Mother Nature is very erratic. Up to 1973, 
only two really suitable hurricanes had 
entered the Laboratory's experimental 
areas. 

T h e experiments have mainly been 
conducted from aircraft flying from either 
Puerto Rico or Florida, and the storms 
must be within 1100 km of the operating 
base because the aircraft need to remain 
on station for several hours to monitor 
the results. Hurricanes close to land are 
unsuitable for seeding. Closeness to land 
modifies the storm, making it even more 
difficult than usual to evaluate the results. 
Also, i f the storm moved inland after 
seeding and caused widespread damage 
and loss o f life the legal problems might 
be colossal. 

On October 13, 1947, Dr I. Langmuir 
seeded a hurricane for the first time. He 
used dry ice. Dr Langmuir had no way of 
knowing whether his efforts really had 
much effect, but with the wisdom of 
hindsight, it seems unlikely. 

During September 1961, a team from 
the Weather Bureau and the Navy 
succeeded in seeding hurricane Esther, 
with such encouraging results that Project 

Stormfury was set up. 
The Stormfury researchers had to wait 

until hurricane Beulah came along in 
1963. Seeding this hurricane again yielded 
encouraging results. 

A further 6 years passed before the 
next suitable one, hurricane Debbie, 
arrived in 1969. On August 18 this storm 
was seeded five times in 8 hours. T h e 
maximum winds decreased from 160 km 
per hour to 125 km per hour 5 hours after 
the final seeding—a reduction of 3 0 % . 
T h e winds intensified again on August 19, 
and the hurricane was again seeded five 
times the next day. This time the reduc
tion o f maximum wind speed was about 
5%—from 184 km per hour to 155 km 
per hour—within 6 hours after the final 
seeding. 

Up to 1973 no other suitable hurricanes 
had entered the experimental areas. 

Hurricane seeding aims at reducing the 
maximum winds by dispersing the energy 
that is normally concentrated in a rela
tively narrow band curving around the 
centre of the storm. Introducing silver 
iodide provides particles on which super
cooled water droplets can condense and 
freeze to form ice crystals. 

In the process o f freezing, the water 
droplets release latent heat. Thus the main 
effect o f dropping silver iodide particles 
into a hurricane is to add heat to it. 

Theoretical calculations suggest that 
the best place to add heat to a hurricane is 
just outside the eye wall—and this 
location usually coincides with the belt of 
greatest winds. 

Experience has shown that it should be 

possible to create a new eye wall outside 
the old one using silver iodide seeding. 
Increasing the diameter o f the eye wall in 
this way should have the effect of decreas
ing the maximum winds. 

In practice, monitoring the results o f 
seeding experiments is very difficult, so it 
is hard to decide whether a wind speed 
reduction was a result o f the seeding, or a 
natural variation. Nevertheless, the hurri
cane Debbie results do suggest a real 
reduction. 

T h e force on a building or other struc
ture on the ground varies as the square o f 
the wind speed. Thus a reduction o f 1 0 % 
in the wind speed would mean the force 
exerted by the wind would fall by about 
2 0 % . Artificial reductions o f 1 0 - 1 5 % in 
the wind speed do therefore seem worth 
producing. 

Hurricanes and tropical cyclones may 
devastate coastal areas, but many semi-
arid inland regions depend on these 
weather systems for their rainfall. From 
their experience and calculations, the 
researchers at the Hurricane Research 
Laboratory do not think that seeding 
hurricanes actually reduces the amount o f 
rain these storms produce, or changes 
their course. So it looks as though seeding 
a hurricane or cyclone off the coast will 
not affect the rainfall inland. 

Artificial modification experiments for 
tropical cyclones. R. C. Gentry. In 
'Department o f Science Regional T r o 
pical Cyclone Seminar, Brisbane, 1973'. 
(Australian Government Publishing 
Service: Canberra 1973.) 
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shel tered from these s t o rms . T h e n t w o 
t ropical cyclones s t ruck t h e t o w n in 
successive years—in 1958 a n d 1959. 

Never the le s s , an indicat ion of t h e m o s t 
cyc lone-prone towns can b e ga ined f rom 
the Bureau of Meteoro logy ' s statistics for 
t h e years 1940-69 . A town located wi th in 
55 k m of t h e cen t re of a cyclone wou ld 
usual ly have felt at least some of t h e force 
of its des t ruc t ive winds . D u r i n g those 
30 years , cyclone centres came seven 
t imes or m o r e wi th in 55 k m of Ons low, 
M a n d o r a (250 k m nor th -eas t of Po r t 
H e d l a n d ) , a n d Broome in W e s t e r n 
Aust ra l ia , a n d Cooktown, Ca i rns , T o w n s -
ville, Bowen , a n d Mackay in Q u e e n s l a n d . 
Only four cyclone centres c ame wi th in 
55 k m of D a r w i n du r ing tha t 30-year 
per iod . 

O n e o ther fea ture of t ropica l cyclones 
m a y occasionally b e even m o r e damag ing 
t h a n all t h e w i n d a n d t h e ra in . As t h e 
cyclone crosses t h e coast a n d moves 
in land , t h e sea level m a y r ise dramat ical ly , 
causing massive flooding. T h i s is k n o w n 
as s t o r m s u r g e , a n d on a s t ra ight coastl ine 
like Austral ia ' s t h e rise can vary from 
1 · 5 me t r e s t o as m u c h as 8 me t r e s . I n a n 
enclosed bay like t h e Bay of Bengal t h e 
surge can raise t h e level m u c h m o r e , 
causing great loss of life. S u c h a surge 
c o m b i n e d w i t h t h e waves w h i p p e d u p b y 
the cyclone can b e m u c h m o r e devasta t ing 
t h a n t h e w i n d a n d t h e ra in combined . 

Merci fu l ly , he r e i n Aust ra l ia t h e 
c i rcumstances have no t yet been r igh t for 
th is to h a p p e n , b u t t h e y m a y b e one day . 
B o t h at D a r w i n a n d Townsv i l l e t h e 
cyclones crossed t h e coast w h e n t h e t ide 
was fairly low. At D a r w i n t h e s t o r m surge 
was a relatively small 1 · 6 me t r e s . A t 
Townsv i l l e it was a r a t h e r g rea te r 2 · 7 
me t r e s , a n d wate r f rom t h e Ross River 
d id in fact cover t h e ma in s t reet of t h e 
city. I f a s t o r m surge of th is size coincided 
wi th a sp r ing t ide a t a low-lying city like 
M a c k a y or Ca i rns , t h e p rospec t wou ld b e 
too ghas t ly t o even con templa te . 
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