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Natukal'Hazard,Résponse and Planning in
Tropical Queensiand

Th1s paper anaTyzes the prob1ems of natura] hazard reSponse and
plannlng in tropical Queens]and Austratia. It exam1nes whether o
concepts and findings deve]oped by natural hazard studies, partlcularly
in the USA, are applicable to other hazard prone areas; in this case
~ that of tropical QueenSYand.

Comparat1ve studies requ1re, first of all, the examinatibn'ef.the
nature and behav1or of the natural hazard Attention is directed to
the particular complex of hazard conditions which result ffomrtfdpicaf
cyciones,'so that it can be essessed whether any'distinctfve features ”
character1ze the1r behavior in the Queensiand area. A survey.of{tﬁe o
re?evant c1rcumstances of the economy and socxety 1s then undertaken. 1_;
From this it is possible to exam1ne the part1cu1ar effects upon the
coasta] communwt1es*that may arise in the Queensland area from the
occurrence of.tropica]'cyc1ones. |

These preiiminary surveys lead to the main analysis of hazard
response and of the fofms of adjustment that are available in the ¢ircum-
stances discussed in the first part of the paper. It becomes apparent
that a number of final assessments must await further investigations in
depth, In the case of tropical Queensland, as elsewhere, the importance
of additional netura1 hazard fesearch is evident. Nevertheless the paper
can eontribute-to the comparative understanding of the significance of

the tropical cyclone hazard.
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PREFACE

This paper is one in a series on research in progress in the

field of human

adjustments to natural hazards. It is intended that

these papers will be used as working documents by the group of scholars

directly involved in hazard research as well as inform a larger circle of

interested persons. The series was started with funds granted by the

U.S. National Science Foundation to the University of Colorado and Clark

University but now is,oﬁ a self-supporting basis. Authorship of papers

is'not necessarily cdnfined-tO'thosenworking at these institutions.

Further information about the research program is available from-

the following:

Gilbert F. White

Institute of Behavioral Science.
University of Colorado

Boulder, Colorads 80309

Robert W. Kates

Graduate School of Geography
Clark University

Worcester, Massachusetts 01610

Ian Burton

Institute for Environmental Studies
University of Toronto

Toronto, Ontario, Canada

Requests for copies of these papers and correspondence relating

directly thereto should be addressed to Boulder. In order to defray

production costs, there is . a Charge of $2 per publication on a subscrip-

tion basis or $3 per copy if ordered singly.
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INTRODUCTION

The imoact of:natura1 dtsasters in different parts of the world
has demonstrated the d1sorgan1z1ng and distress-causing capac1ty of
extreme natura] env1ronmenta1 cond1t1ons despIte the greater organ1za-
t1ona1 and technolog1ca1 soph1st1cat1on of human soc1ety Nh1lst man
has realized that 1nadvertent]y he can adverse]y d1sturb his naturaT
env1ronment, it 1s clear that he is far from ach1ev1ng dom1nance and
that 1n the meantTme, he will be better adv1sed to attempt to harmonize
h1s act1v1t1es with. the env1ronment. Natural hazards occur where people
and extreme natural events coanc1de and where the preparat1ons and
organ1zat1on of the affected soc1ety cannot deal adequate]y with the
stresses produced |

wh113t awareness and percept!on of natura1 hazards and’ adaustments
and adaptatTOns to thewr effects represent but a part of the cont1nuum
of the whote man—env1ronment 1nteract1on process, there are differences
in degree, 1ntens1ty of 1mpact and response wh1ch JustTfy the 1dent1f1ca—
tion of a separate faer of natura] hazard studies. The goal of such_
studaes has become accepted as the atta1nment of the understanding of
the environmenta1 interactions, uhtch result from the interrelationship
of man and extreme'natura1 events, with the final purpose of defining
the-optima1 adjustments or adaotattons by which the natural hazard
can be- m1n1m1zed or e11m1nated (Burton, Kates and White, 1968). An
extreme meteorolog1ca1 or geophys1ca1 occurrence can be cons1dered to
be a natura] hazard when some aspect of the health, soc1a1 or economic
l1ife of a commun1ty 1s faced w1th severe and unexpected dasruptxon |

The Tinkages involved in natural hazard systems can be_modeled at

a variety of levels of sophistication and comprehensiveness. Qur concern



can be dtrected'towards the refinenent of the conceptualization of the
modeT; This process can be undertaken at an abstract or theoret1ca1
level. The output of. such analyses shou]d then be app11cab1e to any
hazard study and thereby perm:t the use of common methodo]ogtes and the
deve]opment of hypotheses which have general app11cab111ty The nearer
to perfect10n the modellng process reaches, the more we shoqu approach
a b]ueprant wh1ch we: cou]d emp1oy in pract1ca] natura] hazard p!ann1ng
w1th th1s 1dea1 mode] at our d1sposa1 we should requ1re on]y the appro-_
priate and precxse 1nputs of data in order to obta1n the understand1ng
we need to answer the p!ann1ng quest1ons We shou]d st111 need to
assemb]e the deta11s about the hazard and about the area in wh1ch 1t
was exper1enced and we shou]d requ1re such 1nformat1on to be prec1se
and representat1ve | |

The d1vers1ty of academ1c v1ewp01nts on the ph11osophy of natura1
hazard 1nterre1at1onsh1ps, and the frequency with wh1ch serious gaps
in- commun1ty preparedness are brought to l1ght in 1nd1v1dua1 hazard
s1tuat1ons, emphas1ze the fact that the bas1c mode]s themselves require
further development Th1s, 1n turn, provides an add1t1ona] reason for
a reg1ona1 and comparat1ve 1nqu1ry 1nto hazardous conditions in different
socio- economic systems Through the pursuit of such 1nvest1gat1ons there
is the potential for 1mprov1ng the bas1c models to’ the point where the
apparently d1st1nct1ve Toca] features will be encompassed in the
genera] theory and no 1onger require an unique treatment

The present s1tuat1on in the Unated States has been attained after
some fifteen or more years of active 1nterests in the nature, distribu-
tion and frequency of a w1de range of natural env1ronmenta1 stresses

which occur at 1rregu1ar and genera]1y unpred1ctab]e 1nterva1s A great



'amount of hatertat on the tmpact ot these.eventshaS-heeh aSsemh}ed and
this in turn has been analyzed so that it has become.possible to identify
some of the dec1s1ons needed to m1n1m1ze thelr d1srupt1ve effects, be
they psycho]og1cal, social or economic. For the benef1t of mankind it
becomes a matter of maJor concern to examine whether or not the methodo-
]ogxca] approach the analytical techn1ques and the resultant fand1ngs

in the case of the: Unlted States can be utilized for s1m1]ar plann1ng
purposes e]sewhere 1n the world. Some research must be repeated 1n
d1fferent areas because there are d15t1nct1ve spat1a] character1st1cs
wh1ch w111 determ1ne the final research resu]ts Whlte makes the point
that adgustments vary - accord1ng to whether the society can be descr1bed
as’ a foTk soc1ety, an 1ndustr1a1ized soc1ety or a post 1ndustr1a1 soc1ety
(Wh1te 1977) Commun1ty response is more commoniy d1rected towards
mod1fy1ng the tmpact of a d1saster or accepttng the occasional loss if
the event is 1nfrequent than to seek to change the modes of life and
hab1tat1on ' In such c1rcumstances prev1ous 1nqu1ry prov1des 2 guide

but not the comp1ete answer to superficially 51m1]ar prob]ems already
_stud1ed e]sewhere In other cases there are fundamental truths that can
be d1scovered and which once 1dent1f1ed can be app11ed to. 51m11ar situa-

tions wherever they may occur. White and Haas in the1r Assessment of

Research on haturaj-Hazards (1975)_provioe a valuable framework for research
work elsewhere in addition-to reviewihg present achievements ano future
,needs for hazard studies in the United States

A number of bas1c quest1ons must be reso]ved before -the max1mum

benef1t of very cons1derable natural hazard research 1n the Unlted States

can be realized:



a) Are the relevant character1st1cs of the natura? event c]ose?y
sam11ar wherever and whenever it occurs? o

b) Are the psycho]og1ca] make -up, the soc1a1 system or the
econom1c base of the affected communlty or commun1t1es d1ss1m11ar and
do any dlfferences, 1f they occur, 1nf1uence the nature of the effects
of the hazard? | _

':c) Do any such communTty d1fferences 1dent1f1ed above also modify
the response behav1or so that similar hazards may give rtse to a range
of appropr1ate p]ann1ng dec1s1ons accord1ng to d1fferent 1ocat1ons? _

The d1scuss1on in th1s paper is dlrected towards an ana1y51s of the
hazard 51tuat1on in trop1ca1 (north and centra]) Queensiand Austra11a,
with a pr1mary restr1ct10n to the comp]ex of extreme conthaons generated
by trop1ca1 cyclones and human response to them A simple model which
has been evolved from the work of R. w Kates (1970) has been adopted
to serve as a framework for the d1scussaon (see F1gure 1). Th1s paper
makes no attempt to develop new concepts nor to establtsh a]ternat1ve
mode]s Its obJect1ve is to provxde some po1nters to the extent and the
manner in which the Queens]and area exemp11f1es basic 1deas about |
natural hazard response p]anning, and' to examine whether any spec1f1ca11y

reg1ona1 prob]ems or so]uttons are observab]e w1th1n 1t

NATURAL EVENT SYSTEM

The information requwred for this part of the model re]ates to
definitions determined accord1ng to human aims and modes of adgustment
From these definitions relevant parameters can be established. which

describe the energy of the system, return period or frequency, duration,
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temporal spacing-(régu]ar, random, periodic or c}ustered),-and-_ areal
extent. In addition, our ability to forecast its.behevior and.to

estimate the possible_warning time can-beldetermined. This‘procedure
rarfesﬂin difficu1ty; Since tropical cyc]ones are, in effect la complex
of hazard events~-stronq w1nds, heavy rain and land and marine f1oods——the
descr1pt1ve parameters may take on d1fferent values accord1ng to the
re]at1ve strength and precise degree of concurrence of each 1nd1v1dua1
stress Many of. the features of severe trop1ca] storms are common to a11
areas, Some, and these are the ones focused on here, have 1oca1 character—
istics.

‘ The tropical cyclones affectihé'trouical Queensland origiuete in the
wérm Cora1:Sea to the east or over the shallow waters of the Gulf of
Caroentaria'to the north (See F1gure 2.) The lend areas most at risk are
the Gulf coasta] 10w]ands, the Cape York peninsula, and the east coasta1
lowlands and uplands wh1ch border them on the west The r1sk frequency is
not high., The annual number of storms (Ju]y 1909-Jdune ]975) cross1ng the
north coast east of 135°E and the east coast south of Cape York to the
Queens?and border averages 2.4 {Lourensz, 1977), and about half of the
storms crossing the ¢coast are likely to reach severe, damaging proportions.
The eastern coastline considered here extends some 2500 kilometers. In the
tropical east coast section (Cape York to Tropic'of Cepricorn) storms
crossing the coast, either land to sea or sea to land, total 88 (involving
73 individual cyclones) over ther66 year period mentioned abovef‘ Fifty-
seven of these storms crossed the east coast from sea to Iend. In the
section north of Cairns the return period is about 40 years, thersouthern

section south of Mackay ebout 40 to 50 years anq in the middle section 20
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- to 30 years. We could fairly descr1be the coast as a low probab111ty-—hwgh
risk area. At the present time, because of media coverage and the fa1r]y
wide d1spersa1 of cyclone aTerts or warn1ngs, it wou1d appear [eVTdence
from a quest1onnaare survey conducted in Townsv11]e (Str1de 1975)] that.
the pub11c 1mpress1on exaggerates the frequency expectat1on

CoraT Sea cyc1ones are usually of moderate diameter, and many that
cross the coast.may affect a. zone no wider than 75 to 100 k11ometers Like
most trop1ca1 storms they demonstrate great var1ab1i1ty in behav1or, speed
of movement, 1ntens1ty and structure Some devastat1nq storms have
developed, crossed the. coast and degenerated in the space of 36 to 48
hours. Other cyclones have had a 1ife over the sea of several days and,
if they have eventua11y crossed the coast, have presented a 1ess d1ff1cu1t
forecasting prob]em and more opportun1ty for a community to prepare itself.
Though the qeneral coastal d1rect1on is from north north-west to south-
south-east, the coastal trend in detail consists of a series of segments
more north to south or west to east. This fact has an 1mportant bearing
on the Tiability of d1fferent sect1ons of the coast to be. crossed by the
cyclones as they move po?ewards It also re]ates to the dwrect1on from
which wind effects are most 11ke1y to be dangerous (Hopley, 1974) The
coastal Towlands are usuaT]y no more than ]O to 50 kilometers wide. The
h1qh land to their 1mmed1ate west s]opes up steep]y to plateau surfaces
and ra1nfa11 dec]xnes sharply inland. These surface conditions contr1bute
to the frequent]y rap1d degeneration of a storm in a matter of a few hours
from a hurricane to a rain depress1on.wh1ch-can dump 500 to 875 mm of rain
. on the up]and crest in 24 hours and on rare occasions, if the depressaon
becomes a]most static,. contTnue rainfall nearly at this intensity for as
much as two or three days. A mature cyclone is more likely to generate

rain at rates of 125 to 250 mm in 24 hours.



Qoeens1and experiences_otherroa£Ora1-hozards. These will be listed
only brief]y here.l Drought has, at periodic intervals been . a major
chal]enge in the seasona]ly dry and 1n1and areas in part1cu1ar Floods
can be produced by trop1ca] cyc1ones or by pers1stent convergence in a
deep, moist monsoon c1rcu1at10n on a reglonal_basxs, whilst 1oca] convec-
tion can rafse individua1 creek 1eve1s quickly. whi1st the coastall1ow~
Tands are most 11ke1y to suffer major f100d1ng, heavy ra7n west of the
main river d1v1de on. the headwaters of rivers flowing west or north-west
can 1nundate extensive inland areas. Plentiful summer rain encourages the
act1ve growth of grass and other ground veqetation If warm drying
weather occurs at.the end of the summer bush fires, possibly ignited by
1fghtning, can then bé a major threat. The bush fire threot decreasés
towards the humid parts of the coastal region or towards the more sparse1y
vegetated 1nter10r L1ghtn1ng itself is hazardous and can occur w1th a
h1gh froquoncy, especially 1n1and, Landsl1des occur on thersteep slopes
of cho coast facing ranges. _Coastai.erosion_can be active under high wave
energy- conditions generated either by strong south-easterly gradient winds
or tropical cyclones near to or crossing the coast. Thunderstorm squalls
may . produce consideréb}e but very localized devastation. Tornadoes are
.reiacfvely;infrequent_but_must be included in the hazard 1ist. Perhaps
:1ess-to be expected, winter frosts can quite seriously damage pasture on
the drier parts of the Atherton Tableland at about 750 to 900 meters
altitude ond at latitudes 1598 coi16°s._ Hail can also be a major though-
1oca1izeo and infrequent hazard'in the south-eastern, especially the

higher altitude, parts of Queensland.
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THE HUMAN SYSTEM

This system may be considered to incorpbrate'boﬁh'human Qse and.
human behavioral features. This discussion will focus upon the ‘broad
characteristics of the occupance of tropical Queensland. Some comments
upon behdvipra]”thaitS'wi]1 be reserved unti] later.

Very'épprdximately;'an area wifh a popuTétion,of ébout-SO0,000 is
beihg,coﬁsidered; 'fhé_distrfbutioﬁ-of'tﬁiéipopu]atioﬁ ié'sighffftant {n
several ways to the stUdy.of'naturaT hazards. The coastal areas are the
most populated -and in gener31 are experiencing the most rapid growth both
in popuﬂatibn-and'in epOnbmic activity. Apart from inland mining areas,
Mt. Isa in particular, the small in1ahd popu]ations are static'or.dec1ining.
People are concentrated on the coastal lowlands in a number of widely
separated small towns, located from 80 to 200 kilometers apakté Many towns
have a popu1atiohrdf'on1y a few thousand and only one, Townsville, exceeds
50,000. The rest of the coastal Towland popﬁ1atibn tends to be widely.
dispersed, particularly in the sugar cane produﬁing areés. 'A few coastal
stretches are'bein§ deveToped for tourist and retirement pukpases. A
fringing ribbon of buildings is often located immediately on the landward
side of the first sand ridge bordering the beach. Inland, where the
economy is based upon cattle or sheep_paétora]ism, holdings are extensive
(sometimes 20,000-t0-40,000 hectares), settlement is widely scattered, and
such'towns as there are often have populations measured in hundreds.

| The éoasta] régibns are predominantly agricultural, based upoh'sugar
cane and to a far sma11er degree rice, sorghum, corn, or bananas. Crops
are harvested outside the cyclone season and it fs mainly suga? cane that

is at risk from wind or flood damage, though the 1300 or so hectares of
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bananas are a1eo;prene to cyclone damage. - Sugar cane, however, is
surprisingly resilient to‘rainy,'windy weather andrmoderafe flooding:
though early, very wet conditions can impede the mechanical cutting of
the'céne. Seme beef cattle rearing occurs in the-coastd] region but
bastore1‘actiyities-become'more widesphead'inTahd{ Outside the towns
other econdmic activity is associated with-fofestry,.main?y'iﬁ the rain
fofest‘fé@ibns;,andeide1y.scattered mihing operations. o

The industrial structure is not highly developed. wansVi?ie'has
the broadest econom1c base w1th a. copper ref1nery, a n1cke1 treatment
p1ant, cement works meatworks phosphate dry1ng p1ant port installations
and a range,of tertwary,act1v1t1es.1nvoiv1ng reg1ona1 administrative,
Tegal and professional services and educational and scientific institutions.
Neifher at Townsville, nor in such other industries as occur in the
sma11er towns, is the 1nd1v1dua1 labor force 1arge, the 1ndustr1a1 process
part1cu1ar1y Tikely to suffer storm damage or the 1ndustr1a1 unit very
adverse1y‘affeCted'by supply disruptions, other than in the meta]
1ndustry -A hiqﬁ préﬁertion ef the total work force WOrks.indeorsi
| Commun1cat10ns are very sensitive to flood effects. Communication
and'transport_11nks are concentrated in the coastal Towlands. A narrow
gauge railway and bitumen surfaced'ﬁighway (single lane each way) connect
-the eoastai towhs.. Both have to cross a number of creeks and rivers which
frequently'may fise and preVent.tréveT along one section or another during
the wet season, ﬁossibiy marooning travelers between one flooded creek
in front of them and another creek which has flooded behind them. Such
occasions. may ocecur perhaps 4 or 5 times in a very wet season, espec1a11y

in the January to March period. The situation is even more difficult
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inland. Although the bitumen surfacing of the main western:highway-has'
now been compTeted other roads are d1rt roads over c]ays wh1ch are
virtually impassable after small amounts of rain and 11ab]e to be cut by
flooded creeks. Wash outs can d1srupt ra}iway movements .There are
re]ativély few a1ternat1ve routes whjch climb the east facing scarpé.
Most of the 1arger coastal towns have good'jet'air'services which are

rare]y storm wnterrupted except when the cyclone is directly affectmng

the a1rports

HAZARD EFFECTS

The adverse effects of tropical cyc]ones come under the three main
headings of wind, rain and land f]ood and storm surge, but a number of
secondary effects follow from these (Oliver, 1975) The mappjng of:the
hgzqrdpusness of an area should reflect the overall communify sensitivjty
to the complex of disruptive effects associated with the nafura],event
system. There is a great need to ascertain whethér findings on the |
different‘attitudes related to age, social status, length of resfdénce,
and previous experience of a similar hazard app]y in-tropiqal Queensland.
Ii.js‘a common situation, in this area as elsewhere, that the adjustments
adopted are more often concerned with influencing the natural phenomena
themselves than With mbdifjing the affected society or indiyiduai.

The major wind hazard in the.trqpics_resu]ts from the passage of
trogica] cyclones, though 1oca11y damage can be caused by small scale

tornadoes or thunderstorm squalls. The maximum recorded wind gust velocity

.isAZOO.kph (Willis Is1and,February ]957) but a number of_storms have

reached 150 kph gusts,"The wind hazard is greatly accentuated whenrthere



is f]ying deb?is-or'driving rain. .Tropicai buitdihg stj]es often utilize
a fairly 11ght we1ght t1mber frame thh cons1derab1e w1ndow areas for 7
good vent11at1on, asbestos sheet or t1mber wa1ls and corrugated iron or
a]uminum sheet rooflng Once such bu11d1ngs start to d1s1ntegrate the
air 1s f111ed w1th f]y1ng debr1s and the rate of bu11d1ng destructTOn
downw1nd is acce1erated where modern housnng des1gns have 1ntroduced
.1arge p1cture w1ndows and 1ow p1tch roofs add1t1ona1 dangers are caused
Un1ess the glass is except1ona1]y th1ck the 1arge w1ndows 1ncrease the
risk of damage There is no trad1t1on for the use of protect%ve shutters
wh1ch are d1ff1cu1t in. any case to employ for large. w1ndow spaces
Destruct1ve eddies deve1op over a low pxtch roof and tend to str1p off
the roof sheet1ng, Even if the w1nd.does not cause direct breakage,
strong winds driving”sahd and sa1t?sphay have a destfuetive blasting
effect on paiht-ahd other surfaces. 0n1y one- thxrd of- those questxoned
in Townsv111e in 1975 1lsted ab1]1ty to w1thstand cyc]one effects as an'
attr1bute to conszder in the cho1ce of a house The prevalent bu1]d1ng

sty1es have some advantaqes Construct1on is rapfd:ahd reoairs cah be
effected_quick]y so long as damage is not too severe. The traditional
style house is usually quite easily shifted-and'transported. Houses can
be reTocated or house'sites.cleared quickly. | | |

A serious hazard is presented to small ships during a storm, whether

at-sea ot anchohed-in-exposed 1ocations; 'A-cyo1one crossing the coast
frequently.causes an expensive to]i amongst small craft; the total of
lives lost often tncTudes seveha] deaths at sea. Natural vegetation can
suffer both.short term physica] damage'(loss of leaves;and breaking of

branchés)tahd ﬁore.persistent effects such as cyclone "scrub” which is

13
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caused by patches of raan Forest destructuon fo]]owed by vine growth which
inhibits the recovery success1on Areas of cyc]one “scrub“ are
1dent1f1ab1e on aer1a1 photoqraphs on the eastern s]opes of the main range.

Trop1ca1 so1]s often have a h1gh 1nf11trat1on capac1ty, and where
rain forest or euca?ypt woodTand have not been removed the vegetat1on
reduces the rate of surface run- off However, heav1er cyc]onxc ra1nfa11s
produce 1arge d1scharge vo]umes over exten51ve areas. The worst floods
occur along the river or creek f]oodplalns or at. the river mouths
espec1a11y when hlgh d1scharges and tides coanc1de with 1andward bTowwng
strong w1nds Many of the earTy settlement s1tes were chosen at r1ver
cross1ngs or as ports at the r1ver mouths Desthe a history of deve]opment
1nterrupted by fTood ep1sodes most though not all, of these p]aces have
persxsted w1thout abandonment of the initially deve?oped s1tes

Large volumes of rap1d1y dra1n1ng surface run- off dep051t coarse
sediments on cane f1e1ds, erode and gu]ly the top 5011 and contaminate |
water supp11es wtth sed1ment or ]each fert11tzers In addition to darect
flood obstruct1on heavy rain raises the water tabie contr1but1ng to. the
deter10rat1on of road foundat1ons and rapwd breakdown of the surface by
increasing potho1e deveTopment Strong flood currents cause washouts on
bridge approaches and underm1ne ra11way 11nes thus extending the per1od of
flood disruption.

A particular problem of a humid trop1ca1 summer is the d1ff1cu1ty in
dry1ng out articles or: bu11d1nqs soaked by flood waters or rain 1nqress
through damaged roofs, walls or WTndOWS Even if the ra1n stops, cloudy
cond1t1ons can persist, air humidity remains hwgh and drying capac1ty is
low. If the cyc1one or f?ood has disrupted the e]ectr1c1ty supply, the

poss1b3]1t1es of art1f3c1a] dry1ng are ru]ed out Materials deteriorate
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or decompose rapidTy in the hot, damp'condftions. Mildew gkows swiftly
and ié diffitﬁlt to eradicate. Paint surfaces discolor quickly aﬁd
cannot bé'easily c!ééned. Hygiene is thréatened'fn.a-shoft time in the
humid tropfcﬁ. Thié'app]ies with obvious force to the removal of human or
anfmai cOrpseé'ahd fotting vegetation or food which may remain scattered
about after a severe cyclone. B1ocking.0r flooding of sewers or break-
down of pﬁmps may cause dispersal of sewage over the surface. Cohtamina-
tioﬁ of thé domestic-wﬁter supply is a further thfeat Re11ef and o
rehab111tat1ve steps Tust respond rapldTy to such probTems

 On the coasta1 marq1ns the greatest threat to 1ife and property is
the storm surge flood. Saline flooding is serious enough, but more
deéstructive still is the combihed 1mpact of abﬁorma11y high sea levels and
the waves generated_by the strong winds upon the protéctiVe:coastaT ﬁan-
groVesfand_thé.naturalwdéfenseslbf coastal sand dunes or sandbars.
Building foundations not normalTyVEXpbsed”to such forces are 1ike1y to be -
undefhihed} E

" A number of tﬁe:eafiy town sites, such as Maékay; TownsviTTe'or'Céirns,

were .on the coést and wére chosen bééauée of the importance in the ear1y'
days of coasta1 shipping. They have subsequent1y‘turned'out to be
ser1ous]y at r1sk from storm surges. Much of the initial urban'growth took
place 1in Tocations 1iable to storm surge before the risk was fully appreciated,
but subsequent grOWthlhas stil1l continued to take p1éce'in areas iiable to
surges. A major surge could inundate considerable parts of such.p1aées up
to several meters depth fh the Towest sectors. Apart from records of
doubtful authenticity, the deeper surges recorded have tended to be of the
order of 2 to 3.7 meters. Fortunately, to date, the only serious surgé

event in this century occurred in Mackay in 1918 when damage was severe
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and 30 people,]det their 11‘vesT In the case of Townsville, if theihighest
projected_surges.oecurred at high tide Tevel, tens of thousands of the
1nhebitants_cod]d be endangered and a major part of the present city area,
including the airport cou]d be covered by water. The Queens?and
Department of Harbors and Marine, through the Beach Protect1on Authority,
has prepared at the request of the State Emergency-Serv1ce a book]et
exp1a1n1ng the nature- of surges and deta1]1nq the act1on to be taken at
var1ous staqes of the cyc10ne surge threat

The sever1ty of a ‘tropical cyc?one hazard is 1ncreased by the conver~
gence of a. number of disruptions more or less concurrently. Phys1ca1
damage-eaused by the storm produces additipna]_consequentia] stresses,
These siiuations are demonstrated by particu]ar:features_of the tropical
Qdeené]and experience. _ .

In th1s area e?ectr1ca1 power is d1str1buted from thermal power
stataons, with a supp1ementary hydro-electric component by an extens1ve
overhead high- vo]tage grid stretching over many hundreds of k1lometers
D1str1but1on of e]ectr1c1ty to urban consumers is st1]] 1arge1y by over-
head conneet1ons__ Such a system is part1cu1ar1y liable to wind damage
Live cables, brought down in a storm, may be a serjous danger whilst power
remains on. Repair becomes a major problem because of the potential scale
of the damaqe, the distances involved and the difficulties of rapidly
assemb11nq men and materials for repa1r work from w1de1y separated smaT]
depots. Transport d1srupt1ons will ‘exacerbate this iatter d1ff1cu1ty.._
It 1s not surprising ;hat,power may be cut off in some areas for several
days after a severe storm. A further problem may-affect the generation of
electricity if debrisdin high flood waters blocks the intake ducts or

damages the turbines of the hydro-electric plants. Hospitals, radio and
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television stations, the State Emergency Serviées and mi1itary'force§”
can fall back on fhe ]jhifed capacity of emergency generating sets, but
these at best proQide oniy pofnt sources  of Timited power supply.

Apart from'the obquus inconvénience'of interrubtions to 1ighting,
cooking and'ﬁeating, the most serious consequence of the 1oss of électricity
is the inability to*haiﬁtain the réfrigeration of perishab1e‘food§tuffs.
The 1psses are high because,_in the hot months when the cyclones occur,
deterigfation.of-the freezer contents océurs in 24 to 48 hours. and
millions of -dollars of rotten goods may have to be disposed of, not an
eaSy_task in 1tself...1f refrigerators are not attented to they may be |
_ 1rrec0yefab]y spoilt after the thawing and spoi?ing'of,tﬁe.cdhteﬁts._ Foad
processihg dependen£ up0n refrigeration, suéh as.ice-éream manufacture,
will obviously suffer bad1y. It is fortunate tﬁat'the majqr‘cyclone
peki0d ofﬁthe year i§:not the main killing season for the meat works.

Disruption of powerrsuppTieS'fbr‘several days éauses shortages in .
water.;upp}y wheré a pumped distribufion is involved, whilst othEr causes
of_water shQrtage may,aﬁise from the blocking of intakes by debris or.
heavy sedimentation. Eicessive f1ood discharges may cause damage bhoth to
filtration plants and distribution networks.

Underground cables are not easily maintained in the tropics. Whilst
‘there has been 1ncreé5ed underground ducting in the towns, telephone.
cab]es:are still above.ground in mény;urban areas and entirely 50 in the
countryside. Wind damage will cause major communication breakdowns. The
solution is to be found in improved rédio_]inks, but topographic con-
ditions and siting problems for repeater stations on high, exposed sites
present some difficulties in providing cheap radio.substitutes for land

Tines. Improvements.in the communication systems continue to be made,
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but disruptions to long d1stance and Tocal commun1cat1ons are. st11] a
major probTem in severe cyclones. The Townsv111e cyc]one (A]thea) of
1971 severed te]epr1nter contact between the local airport weather office
and the Bureau of Meteoro]ogy s Tropical Cyc]one Warning Centre several |
hundred miles d1stant in Br1sbane

Compared with'United States towns, systemic effects of tropical
cycTones in north Queensland are probably somewhat less acute. - Losses
of 1nventor1es, 1nterrupt1ons to work and serious revenue dec11ne due
to reduced activity or Toss of earn1ng capac1ty,are Tess 11ke1y than in
highly industrialized or heav11y cap1ta11zed econom1es Indeed, in
addition to the obV1ous stimulation to the construct1on 1ndustry and to the
retail trade from the demand for replacement of damaged goods, there tend
to be substantial fhjections of finance from oUtside'sourées-whether from
government,- private relief funds, and insurance payments or from the
repair- and re-estabjishment,—by regional or national organizations based
elsewhere, of their local facilities. To the extent that this finance
does nbt depend upun']ocal.sources, such as insurance prem1ums, it is a
charge which is- w1de1y spread over more than the Tocal storm’ devastated '
area Such a subsidy tp recovery from outside may carry with it dis-
advantages to the extent that to a greater degree decisions On'recovery
policies or priorities may be made outside the aréa, pérhaps not-on lines
felt to be most desirable from the local community viewpoint.

The individual Queensland town does not have its own sales tax; urban
rates are primarily related to the tand values and are 1itt]e influenced
by whether or not there is a property in use upon this land. This means
that the loss of local revenue may be less serious compared with affected

towns that have a significant Tocal revenue base. State or Federal
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reVenues'wﬁII'be of coUrse adversely affected by reduced earnings or :
consumption, but the burden is more'wide1y spread. The amount of loss
will depend somewhat on whether there are moratoria on rate or mbrtgaqe

payhents.

FACTORS AFFECTING THE CHOICE OF ADJUSTMENT FROM POSSIBLE OPTIONS.

Theorefita] Range'gf_Adjustments'

"The”réngé,oflpOSSfblé responses shows a general sfmiiarity in many
hazard situations, but the particular adjustments and. their mik will vary
from area to area and between different hazards.

Fivé:majﬁr headings cover the possible choices:

(1) modification of the nature of the hazard,

(2) avoidance of the haiard'effeCts,,l

'(3)‘1imprbveméﬁts-ih and betteh'underéténding-of-the whrﬁfng'

© system, o -
(4) Toss bearing and sharing, and

(5)  relief and rehabilitation. -

Choice gf_Adjustments and Local Perceptions_

The possibilities will be viewed through the filter of the human part
of thersystem. Oﬁce there is awareness of the mature of the threat and of
the'possibilities of adjustment, further action will be determined by the
way tﬁe community and its-Various’decision-makers perceive the problems
and their potential solutions and evaluate the relative merits of the
actions they feel are open to them. The manner in which costs and
benefits are assessed, the technological capabilities to act, and the

social and psychological attitudes of the society, in particu1ar.the
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genera] social goals of that soc1ety, w111 a11 be re]evant to the response
and pTann1ng_processes. Loca] 1ncl1nat1ons and character1st1cs w111

mod1fy the general patterns of hazard adJustment D1fferent consxdera—
tions are relevant, and dwfferent p0531b1?1t1es occur, according to whether
the adaustments relate to the problems associated with the pre-disaster
phase, thefimpact phase:ob the post-disaster phase.

Reliable data on how 1nd1v1dua]s, commun1t1es or official dec1s1on
makers view natura] hazard s1tuat1ons in the tropxca1 Queens]and context
are def1c1ent A 11m1ted perception study has been undertaken in |
Townsv11]e (Str1de, 1975), some information is ava11ab1e from the analysis
of the social worklanqlwelfare organization for the 1974 Brisbane and
Ipswich floods, and some comperative material is available from studies
(Haas et al., 1976; Western and M11ne, 1976) of the 'Tracy' cyc1one at
Darwin in December 1974.. A]though dealing. w1th an extra -tropical locality,
an excellent survey of community response and counter- dwsaster planning,
espec1aliy from the social welfare po1nt of v1ew,has been recently _
published on the Toowoomba {southeast Queens1and) ha11 storm of January 10,
1977.. (Leivesley, 1977.) Further ideas on community attitudes, which
would pfobab]y be applicable to tropical Queensland situations, are
presented by Southern {1973) in a series of short papers. This significant
‘field of research still awaits comprehensive investigation, and in the
meantime viewpoints must tend to be tentative and subjective.

Historical stddy (Botton, 1970) has demonstrated that settlement and
economic development in tropical Queensland took place in the face of
recurrent natural, economic and social eha11enges DTStance and poor
commun1cat1ons put a h1gh premium on se]f—re11ance and on the use of both

naturaT and human local resources. Ab111ty to withstand adversity was
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fostered, énd.in_its turn enéouraged a stafe of mind whicﬁ acceptéd
difficu]tiesras something to be endured. An element of fata]iém was
coupled with an_optimistic faith thaf all wouid-be well in the end. Or,
in the ear1ier.days of &evélopment,'there was an alternative pkosbect_'
that a fortuné'might be ma&e and enable the settler to move out of'thé'
area before suFféring alcycione. Expenditure of effort on unheéessaryr
planning, for what might.never happen or might not be_ﬁear}y aS'sérious
as'predicted, was;questionEd. It is suggested, fhoughVit_éénnot be pﬁpvéd,
that something of this state of mind persisfs. .It aigo ébntributes
perhaps to the widespread misintehpfetation by the public of probabi]ity
statistics and return periods. It may make more serious the'danger of the
”cry_wo1ff syndrome that overwarning can produce. - | ”
There may be other individual'dr community traits that cause : 
regiOna11y distinctive-reﬁctions'aﬁd'behavidr. HadS]gg_gl, (1976) .remark
uppn.the fact that in the Darwin cyclone disaster of 1974 the adjustment
of the people to.the-disruptfon of the normal ddily=11§ing rdutiné was
facilitated by their relaxed, open-air life-style. This would, nbidoubt,
be equally true in tropical Queénsland. Tﬁié.and many othef.régiona1
personaTity'attribﬁtes need to be identified and tested.

Those who have Tived ih tropita] Queensland for many years are fully
aware of the cyclone threat, but on the whole their understanding of the
fea] nature of the tropical cyc10ﬁe'is often deficient, and their'pér~
ception of the most appropriate response demonstrates an imperfect
appreciation of the hazard problems. = The Townsville study (Stride,71975)
suggests that. there is aisurprisihg ignorance of the meteorological
structure and behavior of a tropical—cyc1dne.' This must inevitably affect

the way people react to'the immediate hazard event, understand cyclone
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warnings, and make plans on a ]ongeterm basis. Over the period of the
region‘s-histerica] grthh,:respect for the seriousness'of-a eyclpne _
hazard has not commensurably been trans]ated_into.the-sitingrof settlements
0r_ind1vidua1.dwe11ings, fnto building techniques nor in the p1ann1ng'of
dai1y activities. Requndehts with highef levels+of education showed-e
betfer,_thoughrin some respects sti]} unexpectedly poor; eppreeiation'of
the:hature-of fhe hazard.

The quest1on of the 1mportance of past exper1ence was not so easily
assessed. It would. be ant1c1pated that d1rect personal experience of the
hazard would.result in a more 1nformed response to the prob]ems, a better
choice of adJustments and less socio- psycho]og1ca] stress after a severe
disaster. It is undoubted]y the case that, immediately after.a cyclone
and for a few years thereafter, there is a-heightened awarehess of the
rea1ity of the cyclone hazard So far as the Townsv111e samp]e can be
consxdered representat1ve, personal exper1ence of a cyclone and number. of
experiences, or ]ength of residence in the area_elther did not appear a
significant factor or was less fnfTuentia] than was anticipated, The
tourist or the recent arrival tends to Be more sensitive to the threat of
a cyclone than the tonger estab]ished inhabitant. This apparent denial:
of the importance of experience may howeyer be an expression of these
recent arrivals' ignofance pf'the.true nature of the hazard and their
susceptibilityrto the influence of the news media. Human reaction to
disaster tends to be high]y individualistic and community response fo such
situations is irregular. Before arriving at firm conclusions on these
problems much.more rigorous and analytical inquiry is hecessary in each
of the coastal settlements of Queensland. So far the nature of psycho-

logical reaction in contrasting social environments and where background
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expertences vary_is inadequate1y investigated{ An ewtensive samp]tng
surveyris neceSsary_todetermine the'answers. .The soa1eof sueh_a survey
is a rather dauntinq prospect and requtres financia]_baoking'on-a con-
s1derab1e sca1e _ _ _ | |

As e?sewhere there are vested Tnterests who fear for the1r 1nvest-
ments or future prospects of prof1t Inev1tab1y zon1ng restr1ct10ns on
the use of 1oca11t1es wath h1gh r1sks of marine or 1and floods are un-
11ke1y-to rece1ve their enthus1ast1c back1ng Fears that an. exodus of
vxs1tors and tour1sts w111 be. encouraged by too much d1scu551on of hazard
cond1t1ons or too much pub11c warn1no rouse oppos1t1on, in some quarters,
to the needs of 1mproved hazard awareness. Complaints agaxnst the Bureau
of Meteoro?ogy have been 1oud1y and qu1ck]y vo1ced when it has been felt,
often w1thout Just1f1cat10n, that warn1ngs have been q1ven too early, _
covered too w1de an area or exaggerated the sever1ty of the threat |
Off1c1a1 th1nk1ng 15 st1]1 1nf1uenced by the pressures of cr1t1c1sm and
both short term and 1ong term p1ann1ng for hazard preparedness may be
1mpeded | '

0ff1c1a1 caut1on can stem from an anx1ety of b]ame for actions that
subsequently have turned out to be 1ncorrect or unJust1f1ed The coasta1
towns of tropaca1 Queens]and have been surveyed and cyc1one surge maps,
for se1ected d1fferent sea—]eve1s above normal high tide or mean tide,
have beenrproduced. These_have been”disp1ayed in pub]icrplaces, but the.
publicity hasebeen reiative1y Tow kev and many know little about'theiri
existence and 1ess-about their details. There iS't;e inevitable concern
about the legal 11ab111ty of produc1ng a map which shows a part1cu1ar surge

1eve] contour d1v1d1ng one part of a built-up area from another
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Rea] estate interests may well exert pressure to limit the d1s—
semination of statements on,or the mapping of, precise potent1a1 surge
details’ to the m1n1mum The strength of th1s lobby is 1ncreased in a
s1tuat1on where past exper1ences cannot be documented and- where there is
a considerable degree of uncerta1nty as to the prec1se mean1ng of a sur-
veyed contour Tine:. A ser1es of cr1t1ca1 contours re]at1ve to a datum
Tevel can be surveyed and mapped but whether a surge of any of these
depths w111 be destructave w111 depend on the 1oca1 terra1n the d1rect1on
and strength of w1nd and surface water run- off It 1s v1rtua11y 1mp0551b1e
to present these qua11f1cat1ons SO that they can be usefu11y eva]uated by
those who are at risk. Loca1 Tnfluences can mod1fy spec1f1c surge s1tua~
t1ons in a variety of ways, |

Evacuation plans with des1gnated escape routes and recept1on centers
ex1st for the major towns, but tend to be treated a]most as conf1dent1a1
documents, not only because of the uncertaxnt1es of how the surge would
behave in reality in a surge rlsk area, but more because of the fears that
panic and uncontroT]able pub11c react1on m1ght follow a cyc]one surge
warning. Seventy- four percent of the respondents in the Townsville survey
d1d not know of the pr1or1ty zone evacuation plan and 75% were not aware
of an evacuat1on center. No one has a c1ear idea of what would const1tute ‘
over- warn1ng in a Queens1and context. Those in respons1b1e positions |
become more concerned with the rwsks of giving hurr1ed, 1nc0mp1ete or

uncertaan 1nformat1on than with 1nd1cat1ng the possible dangers

 ADJUSTMENT IMPLEMENTATION

The survey that foTlows reviews the adjustment p0331b111t1es in the

tropical Queens]and context As anywhere, community needs and actions
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taken to diminish the‘hazard should harmonize. The emphasis can-shift
from efforts which seek primarily to.minimize the impact of the hazard
on those sections of the community least able to withstand it -to a con-
cern for reducfng'the,ootentia1.1eVe1 of maximum economic loss. Present

hazard planning tends.towards the latter approach in Queensland.

-Mod1f1cat10n of the Hazard

weather mod1f1cat1on So far as the Queensland area 1s concerned at

the present time -in. cost benefat terms this 1s an un11ke1y operat10na1
prospect The resources ava11ab1e to Australwan areas at r1sk prec]ude
a1r surve11lance on a suff1c1ent1y extens1ve and cont1nuous scale. In the
Queensland case, there 1s 1ittle or no thought g1ven to dea11ng with
_hazard s1tuat1ons “at source" w1th the exception of the poss1b111ty of
cloud seed1ng to break Tocal droughts At the present time even this is

not conSJdered andoperatjona} strategy.

__iTechnologica]Aredoction gﬁ_risk gr_damagea fhe,hfsforica1 record of
the small towns of'ﬁrop{cai Qoeensland over tne last 110 years or 50 15
punctyated with occasidns when serious cyclone damage has'temoorarily
halted growth and econom1c deve]opment ~The economy has not developed, as
a whole, a very cap1ta1 1ntens1ve framework in terms of major constructxona1
elements, and the need for expensive and advanced bu11d1ng and engineering
.techniqUes has not orogressed to the level observed in some more hignly
deve]oped risk areas of the world.

‘There is, neverthe?ess, a w1de1y held be11ef that the techno]og1ca1
so]ut1on to. the hazard problem is the one whwch is the most appropriate
and upon which resources and_funds shou}d he concentrated. In the

Townsville study already referred to, respondents placed a high priority
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on damage reducing adjustments in their.choice from the possible 1fnes of
action, even if they did not in fact translate this into positive action
in their own responses.

For many years in domestic dwellings there has been the‘userof tie-
bolts and strengthening brackets to retain roofs in storm conditions.
Townsville's 1971 cyclone experience resulted in a stiffening of bui!d—
ing- codes and a greater awareness of the need for spec1a1 bu11d1ng tech-
n1ques In 1ts tra1n th1s has ra1sed the unavo1dab1e counter cr1t1c1sm
that bu1]d1ng costs have been unduiy 1ncreased as a result of stTffer
regulations. In the Townsv111e area there had been a ?ull in darect
cyclone exper1ence since 1956; and, in consequence, concern for spec1a1
adaptations to strengthen bu11d1ngs had declined, though the State
Hous1ng Comm1ss1on construct1on had 1ncorporated str1cter contro] to meet
potent1a1 cyc]one stress than had some pruvate bu11ders With the_
1ncreased awareness of_the danger and'suffering caused byrthe break;up
of houses in cyclones, some thought has beeh qfven-to the fncoﬁporation of
a strengthened room in a house to provide a refuge. The cost factor has
had a stroﬁg controi oﬁ the acceptance of this modification and in
consequence it has not been widely adopted. Designs for separate cyclone

_she]tefe have been pﬁblicized Tocally but there has been no move to adopt
them. It has been acknowledged that much of the progress in eng1neer1ng
bu11d1ngs to w1thstand major stresses from winds has been related to large
and expensive commercial, industrial or public buildings. In consequence,
less attention has beeh devoted to the smaller residential structure,
partfcdlarly with resbect to the differenf techniqﬁes of bui]dihg end'

different types cf_5u11ding'materials (Walker and Stark, 1977).
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_Engineering solutions are already available for most.of the typesfof
~ hazard but are offen ruled out because of cost. In .the case ofrfioods,
e]aborate urban drainage-schemes and river traihing programs are techno-
1og1ca11y pract1cab1e, but their cost is such that, even if they could be
supported, other alternat1ve solutions need to be 1nvest1gated also. The
effect-of f1oods on“the roads or ra11ways cou]d be 1arge1y eliminated by
highér embankments;.stronger and higher bridges, improved foundations and
subsurface drainage. The'high ratio of-mi]eage to'population has made
the cost of more expen51ve levels of highway engineering proh1b1t1ve
Th1s conclusion is great]y accentuated if we attempt to reso]ve the surge
prob]em by emp10y1ng eng1neer1ng approaches to protect areas a1ready
bu11t-up in the surge prone localities. wh11st it would be true to some
extent that complacency and Tack of a ful] rea11zat1on of the nature of a.
surge threat has d1scouraged a techno]oguca1 approach the rea1 deterrent
has been the magn1tude of such a progect and its potent1a1 cost in
relat1on to the damage potential. B
In the Townsv11]e area the construct1on of a dam on the Ross R1ver,
which flows through the city, was primarily planned for water-storage. It
has aiso; in the belief of professionals and public alike, provided the:
comoiete answer to the city;s flood problem, so that anything like the
1946 f?ood; the product of'the combined-effectsrof a.high tide and heavy
rain, was made a thinoiof'the past. The immediate consequence has been
a rapid suburban growth along the downstream part of the flood plain right
up to the dam ref1ect1ng complete faith in the technoTog1ca1 so]ut1on
Thus we‘have yet another instance of the sort of potentially risky flood-
plaﬁn development to which White has drawn attentéon in the United States

since 1945 {White, 1945).
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In general, however, the adoption of technological solutions has been

restricted by the Timited capacity of a small population to meet the high

costs. Cost-benefit analyses have not probed all the complex dis-

benefits of community-disruption, psychological stress, injury and death.
It is likely that some of the technological (and other) solutions to the
hazard threats might be shifted from the too costly to the feasible

category if a fuller accounting procedure could be evolved.

Avoidance gf_the Hazefd

Evacuation The on]y so]ut10n for the preventaon of 1oss of 11fe in
the settled areas subJect to flood or surge is to take refuge ina safe
10ca11ty S1nce there are 1nsuff1c1ent high rise bu11d1ngs in trop1ca1
Queens?and towns th1s means evacuation from the risk’ areas. |

ATthouqh evacuat1on p]ans ex1st, it is d1ff1cu1t to see how, on a
large scale, peop]e coqu be moved qu1ck1y and w1thout extreme hardship
and danger There are cons1derabTe prob1ems in the accurate forecast1ng
of the 1andfa11 of cycTones on the east Queensiand coast (011ver, 1974),
and even greater uncerta1nt1es of assessing the potentTal magnitude of the
surge and its 1ikelihood of cownc1dence with a high tide. A considerable
lead time is needed 1f large numbers of cars are to be got on to the roads
without pan1c and in an order]y manner. This lead time has to be
1ncreased in holiday t1mes (and several pub!1c ho]1days come in the cyclone
season) and part1cu]ar]y 1f the surge development is ant1c1pated to occur
at night. It is probable that strong winds and heavy rain will be.
experienced pr1or to the time when it becomes sufficiently c]ear that a.
surge threat is likely to justify evacuation. It would be a1T too easy

to set large numbers of people traveling into the storm, along roads where
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creek floods would occur first-in front.of fhe refugees and”then behind
them.. Such.f1oods cou1d'1soTate.them from towns and expdsé_them to tﬁe
full force of the cychne. Such a frightening proSpect is particularly a
dahgef fqr;north'or south travel a]oﬁg_the Bruce Highway that éerves the
coastai'towns of tropical Queensland. This highway; despite recent
improvements in bridge ﬁrossings,.is still notoriously prone to being cut
by thetcreeks,and‘rivers that drain the upland catéhments-1ocated_
immediaté]y to the west of the coastal lowlands. The coastal region can
experience sharp changes in conditions of rainfall and flood run-off over
re]ative1y.smalTAdistances. Even_withcut'these difficuities the capacity
6f_the-coasta} towns to absorb large numbers of refugees would be severely
strainéd--exgept péfhapg in the case of Townsville and possib}y-Céirns;
If thg‘eyacuation:ié'designed to move the popuiation at riék from thé lower
surge prone'areas,,the;avafiability-of sufficient, safe receptioﬁ ceﬁters
within the cities be#omes_the-difficu1ty. | |

| If-evécuation iﬁlandwis proposed as the a1térn§tive, the_prdspects
seem even worse. . Whilst the full impact of the.cyc]onermight be-leés |
once one;moﬁes_inland a hundred kilometers or sd, there is sti11'the |
prospect of heavy rain and flooded creeks. The roads inland are much
poorer in width and surface, garages and gasoline supp1ies'are.very Timited
and where the roads cross the main coast ranges the gradients are steep
and the roads winding. A few breakdowns and accidents would 5ring.an
evacuee column to a speedy halt. Perhaps even more serious is the lack
of possible reception areas. There are no inland towns which could serve
as.receptipn'areas for Targernuﬁbers of evacuees. To réach any urban_
centers would involve journeys of Sd.to 120 ki]ometers or so. The g]terna-

tive of a tented camp seems to present almost insuperable problems of water
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and food supply and sanitation together with attendant hardships of -
moéquitoes and other insects and even snakes.‘ Shade which is essential

in the hét day1ight hours would be hard to find. Living in cars during
daytimé'wou1d be impossible for any length of time} Evacuation to these
inland 30¢ations, if it involved more than a few hours stay, appears to be
worse than staying put, except for the highest risk localities. 1t is
perhapé'noﬁ unexpected that though about 40% of the Townsville inquiry
respondents felt that evacuataon plans should be prepared, a mere handfu!
even considered th1s a solut1on they would persona]ly use.

" The d1scuss1on so far has considered evacuatuon as a meané of
remoVing peop1e from high risk areas prfor to the arrival of a storm. The
quéstion of evacuation after a disaster raises a different set of problems.
Australia has had the unigué experience of a large scale, long distance
evacuation in the case of cyclone Tracy (1974)'at Darwin. Some of the
psychological and social costs’ of such an opératidn have been identified
at least qualitatively tWestern and Milne, 1976). A final judgment can
hardly be made Objective1y; but it is clear that the decision to undertake
such an operatioh isré difficult one. The larger coastal towns of north
Queensland all have aircraft landing facilities which would enable a
significant scaié of évacuatjon, but the road system is inadequate and
quite 1ikely to be out of action for a few days at least. Judgment before
the évent cannot be passéd but one is inclined to cénsidér‘other alterna-
tives for dealing with a cyclone disaster than evacuation. Without the
introduction of martial law, present Tegal systems do not permit compulsory
evacuation and reliance has to be placed upon persuasion and advice

(Stretton, 1976),
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Land use management. This strategy is generally a long-term action

requiring careful analysis of the costs versus benefits.- The actuarial
threat must be acceptéd as being of sufficient1j'high ﬁdtentia1

severity and frequency. In the TOwnsvil?e survej onTy 8% of those who
_were asked what their action would be if their dwelling had been
destroyed 1nd1cated any intention to relocate outside the c1ty, whiTst
13% 1nd1cated that they wou]d change the1r location w1th1n the c1ty It
is.often considered that the time base of much present’ day p]annxng is

a few years wh1]st the time 1nterva1 far a part1cu1ar Tocality,
between cyc]one events in tropical Queensland is a much longer one.
Acceptance of longer-term solutions requires a more constant perception
of the fact thatia severe cyclone will occur sooner or later. This is
helped by a Iong.membryrof past events which usually exists in official
recbfds, butlless_often amongsi.the'frequenfly changing.offigials. For
evehﬁua? adoption of 'the land-use approach it must beiacknow!edged that
tﬁe disrupﬁioné and fﬁnancia] peha]ties-invo]ved by restrictions'qn_fhe '
free chOicehofVTand-use are less ﬁnéttractive-fhan the dangers‘of no |
controls. This Caneptfmust enjoy_widespreadﬁqcceptanée not'oﬁly by the
'engineer, planner and government official, but even more so by the
affected public. Appreciation of the risks of particular sites and
Tocations in a severe cyclone is poorly developed amongst the general
public, .Np’requnsibi]ity is placed upon the real éstate agent, the
soTicito}_nor the 1qcél governmenf authorities to take the initiative of
warning prospective purchasers. -In the.Townsvi11e,area,p]annihg per-
miSsion for further'reSident1a1_deveiopment in surge areas is still being
gfven. Suggéstions1have been voiced that a legal obligation should be

established for'the_listing of the hazardous features of a building site.
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Even this involves some'ﬁotentia1ly difficult matters of judgmenf_and
associated.]ega1 problems. The rock of short-term material prbfit has
wrecked many an environ&enta? planning ship.

‘Some moderate.success has attended Tocal regu]atfons désignéd to
deal with river flood risks, which have a higher probability than storm
surges, and flood bylaws thaf have been established=befote:1and develop-
ment~Cou1d;occur; This has not applied at all in terms of surgé risks.
If an area has not been'developed,']and@Qsérzoning,'if accepted as~a_.
policy, provides the effeétive sb1utioﬁj Uhfortunateﬁy; in guch cases as
Townsvil1e, Cairns, Mackay.and other settlements on the north Queensland
coast T1iable to surges, much of the risk area was built upon early, and
it is inconceivable; before the event, that aban&onment of all this
capita? development and its ré-éiting elsewhere would be envisaged.

- Coastal Tands are.fragi!é environments in whiqh misuse of the land
can exacerbate the results of natural environmental stresses. In the
tropical Queensland case pressures for development have weakened some of
the natural coastal defensesfthereby increasing the potential threat of
the high-energy destructive effect of cyclonically generated waves. Man-
groves play a significant role in tropical coastal ecosystems, providing
a stabi1izing'and protective friﬁge. Their value has been appreciated to
an increasing extent, but much of the earlier town growth has eliminated
consiae}abie sections of mangrove coast and the'brocess has still not
been entirely reguiated. Property_rights have taken precedence over the
scientific appreciation of the role of the frontal sand dune or beach
ridge as a natural defense, so that buildings, roads and other forms of
misuse have been allowed to proceed in vulnerable poSitions and often

with harmful effects to these features. In both these instances there
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s a need for a clearly defined Iand¥use program to ensure that the
cyclone hazard is not made worse.

- Improvement of the warning system. The best designed warning

system is of Tittle value unless it is thorough1y understood by all those
who have to use its products. = Educative programs of the Bureau of
Meteoroldgy in the last few years have done much to sharpen the awareness
of "the Q&eensland.pub]ﬁc of the need for immediate precautions when-there
is the threat of a cyclone. The do's and don't's are cleariy summarized
in theIBUféaufﬁ pamphlEt which is made wide]y'qvai1able before each -
cyc1one éeason. There are still problems of ensuring thét.aTT households
receive a.éopya.butﬁas a~conseQuence of thiS'p61icy'thére-is more public
" response. Aétidn fd enéuré that loose materials are not left about in
the sUmmér:seaSon s still not taken sufficiently thoroughly, even by
tocal governament Tevels. Pu51ic response still occurs at the last
mgmént; at the-time,of.the warning or, ai best, a few‘hours_before'the
arrival of the storm.. The qunéViTIe qdestionnaire revealed, for the
houﬁeholds surveyed, that most action was taken when the first cyclone
warning was received or ét sOme'sﬁbsequent time'up to.a féw hours beforé
the storm arrival. It”is still not unusual after a cyclone warning has
been received in a north Queensland town to hear the sound of hammering
as people secure the roof cladding. | |
| Some prdblems still exist in the transmission of'the actual warning
messages. Part of the difficulty relates to the imperfect understanding
by the public of the real nature and behavior of cyclones which means
that the full meaning of the warning is not appreciated. Many of the
~ public find it difficuit to interpret the present form of locational and

directional information in the warnings, and despite a clear explanation
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in the Bureaufs pamph}et, there is much confusion over the ﬁeaqing_of the
two forms of notification, Cyclone Watch and Cyclone Warning. |
Controversy occurs about the warning syétem. Present.policy is tb
concentrate all procedures at the Tropical Cyclone Warn1ng Center at
Brishane where all data including satellite information are sent and the
synoptic analysis is undertaken. In turn all the watches and-warnings
‘are issued from Bfisbane. This enables the maximum of expert control and
_a means of'ensuring'uniformity.and-cqherence:of-anafysis‘and'forecast.
It does, at the same {1me, pTace a very high emﬁhésis on an'effidient
system of message transmission. Critics argue that it teﬁds to remove
initiative and emergency action from the man on the spot and that it
inevitably introduces the potential for delays and human error since even
the‘best.message transmission system is 1iable to failures. The goal'is
to find the best compromise between 1) the advantages of the=expérf
analyst at the Center who is able to make the fullest use,of thé meteor-
ological information from radar pictures or satellite c]oﬁd'imdgery and
2) the less expert person on the spot, who may still have information,
especially in the final stages of the cycloné passage, which is not
available from the more formal meteorological input, Experience shows,
however, that well intentioned but poorly informed comments at times of
stress can be made by radio or television announcers and may cause com-
munity confusion,
Some .of the major difficulties in keeping messages flowing and
heard by fhose for whom they are intended arise at night and on holidays
- or weekends, when offices are closed and officials are not on duty.
Unless transistor radios or te?evisibns are kept operating all night,

peopte can be oblivious of the risk. Neither the local police nor State
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Emergency'Serviée branch is sufficientiy staffed or eduipped ﬁo ﬁrovide
a\fuTT pub]fc:address system in the towns which, considering their
- population size,'tend to cover large areas.

The Bureau of Meteoro1dgy is;understandébly cautious about the
dangers of overwarnfng, premature warning or unjustified precision in
the‘warniﬁg; However'this'conservative'approach may -cause uncertainty
in the pub?ic"mind; .The public is common]y-unaware of the'sdbtlef
implications of,the.férm qf the warning and-may:fai1‘to'assess the full
danger. potential. | ' 77 -

_The probiem of cbmp1acency resulting from 1nfrequent.eprsure to a
hazard is difficult to resolve. The inffequency of severe tropical
cyclones at any oné,1oéa11ty_has a}§eady been noted. There_Wouid appear
tolbe,a'naturaT.desire.to{forget and théreby, dnce the immediéte
memories of a bad stormifadé aﬁay, as fhey do in a few years; settle
down to an attitude of mind which rationalizes the cyclone threat at a
much Tower Tevel of severity. This tendency is reinforced by;thev
mobiiity of_thé population and the recent rapid growth'of'the larger
tdwns-on the coast. 'A-considerab]e:proportion of the bopulation-has
T1ittle or no Understanding of what a cyclone involves; many have come from
places where there is"no cyclone experience.

Loss bearing and sharing. - Precise information on the public attitude

with regard to insurance is lacking, but it wou]d'appéaﬁ that there is-

a considerqb1e degree of under-insuring and some-non—fnsuring. This view
is based on limited information produced by the Townsville survey when,

in 1975, it appeared that only 52% of the respondents who were home-
owners had done anything to increase their coverage since the ]971 cyclione,

despite inflation. This fits the general impression conveyed by Haas
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(Haas et al, 1976} from his Darwin cyclone inquiry where 70% of the houses,
but a much lower percentage of the cohteﬁts, were covefed.

At present, comprehensive coverage meets wind damage and, provided
additional arrangements are made, land flood as well. Sea attack, and

therefore présumab1y storm surge, is specifically excluded from the

- coverage. The public does not appear to think of insurance as a major

so}ution. Responses‘to an open-ended question in the Townsville survey
on what steps householders would:take in preparation for futufe-cyc1ones
indicate the majority would not increase insurance coverage.: |

-~ The insurance industry itself has not been fully sure'of'the

potential risks. On the whole, the experience of the 19605 had been a

" reasonably pleasant one for insurers so far as tropical cyclone claims

were concerned. 'The 1970 cyclone Ada. in the Whitsunday Islands and the
1971 TownsQi11e Althea transformed the situation. Insurance rates in

the north Queenﬁ]and area, which is idéntified as the highest of three
risk areés in the State were raised in November 1971 and again-in Apri]
1973, so that premiums are 3.13 times greater than before November 1971.
The insurance industry has still lost heavily in recent flood and cyclone
experience with payments in recent years greatly exceeding premiums. It
is in this context tﬁat consideration is being given to a government

backed Natural Disaster Insurance Scheme (covering perhaps floods,

- tropical cyclones and earthquakes) on which a Working Party report was

issued in December 1976 (Commonwealth of Australia, 1976).

The present insurance coverage has no deductibles which encourage

- observance of building designs particularly related to cyclone stresses.

The main distinction at present in the rates for domestic dwellings is

between higher rates for wooden buildings and lower rates for brick and
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fibro.. This main]y-felates to firé risk. At the present’ time'the
1ncent1ve is not there, from the insurance p01nt of view, to bu11d or
maintain bu11d1ngs at a level whuch w111 minimize cyc]one damage

In recent f]ood and cyclone disasters State and Federal response has
provided generous assistance in kind and in financial aid. There is the.
possibiiity, though it has‘not been confirmed by objective inquiry, that
the'more the expectationzof'Qovernment aid the less the.community or the
individuaf wi]lfconsider insurance or other forms_df provision for_futﬂre
losses or hardship.

. Relief and rehabilitation. Recent disaster situations in various

parts of Australia frdm 1970 onwards have stimulated a major improvément_.
and expansion of the reTief and immediate recq@ery Qervices that are
heéded dfrect1y_aftef fhe crisis_haﬁ occurred. “The loéa1-civi1 defense
organization‘initialjy proved inadequate in the face of a'severe natural
event but é'sdbsequent reorganization has been ﬁnderfaken In thé larger.
towns -the State Emergency Serv1ce 0rgan1zat1ons have been deve?oped

Their concern is Timited to the pre- -disaster and the emergency phases,
and it has been the policy to date for them to withdraw as soon .as
possible thereafter and to hand over responsibilities to established
agencies and governmenf departments. At the national level, from November
]974; the Natural Disaster Organization has provided a focus for greater
awareness of thé disaster cha11enge and a liaison with the State brgahiza-
tions. The civil police in Queensland play an important part in the local
emergency organizatibn which is under their direction. Each of 27
Disaster Districts into which Quéens1ahd is divided has a Disaster
District Controller {the local police inspector) assisted by a Disaster

District Control Group. Generally technical and specialized training has
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been made available to an increasing number of personnel in key positions,
particularly through the wide range of courses both in management and
technical skills at the National Emergency Services Co]lege; Mécedoh,
Victoria. | |

Other organizations have contributed significantly in actué1 B
disaster situations. In tropical Queensland, major help has been:
available from the army base and from the Royal Austfa1ién Airforce and
helicopter squadron aﬁ Townsville. Church organizationé such as the
Salvation Army, Seventh Day Adventists, St. Vincent de,PauI, and others
and the Red Cross provide, in total, a major voluntary effort which is.
further supplemented by several service clubs.

The brob]ems that havé arisen,given this variety of reiief bodies,
~are those which, in one form or another, have éurfaced in disaster
situations in other parts of the world. The co-ordination of the various
effdrts poses a major cha?]énge. Even in the early stages of post-
disaster action, interagency jealousies and'suspiciohs arise. Different
officials see the Overa11 problems from a variety of angles. Bureaucrats
tend to dislike the voluntary organizations, whilst the latter are irked
by what they see as official inflexibility and obstructionism. The weak-
nesses in cooperation can be traced in some cases to a lack of awareness
"of the need for coordinated effort. Local voluntary bodies feel that in
théir owh minds they'have a well conceived plan of action and do not
perceive the problems that a variety of isolated actions will.generaté.
The towns of tropical Queensland, as a consequence of their historical
development, have a strong feeling of jealous independence of each other

which tends to militate against combined or cooperative action. There is
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a1so the pract1ca1 prob]em of mob111z1ng aid from p?aces some distance
away when roads are 1mpassab1e

Recent exper1ences have shown the rescue type of operat1on to be
better developed than the welfare and social work fac1]1t1es wh1ch are
only now rece1v1ng adequate attention. This def1c1ency is even more
marked from the pownt of view of the cont1nuat1on of social and psycho-
30910&1 rehab111tat1on on a 1ong term basis. Indeed, in a:number of
situations, after-the~f1rst major 1nput of re1ief help from official
and government services outside the_area, the policy has been to rapidly
hand_feepOneibilities back to the 1eca1 goverhmeht and other orgehizetions
(eften'tOO-rapid1y and with insufficient arrangements for the transition).
Reflecting this gap in the services is a major'Iack'ef kﬁowTedge'at the
Tocal Tevel about the'peeutrenée or nature of psychological trauma
produeed_by”hatura] hazard stresses in a community. IntTownsvif1e'$t
cyclone Althea;,the‘iepressioneﬁof”retief'workers'end"soeiaT workers
seemed'toicoﬁfirm the:TowerTCEpacity'oF'01dek peeb1e‘te withstand the
effects of stress, but no reliable statistics were assembled.

Sﬂbjective‘opihfons of those invo1ved:in social welfare work in the
community after A]thea in Townsville noted the immediate post-disaster
syndtOmes of mental lethargy and 1habi1ity to grapple with personal
problems of rehabi]itatﬁon. It was further observed that those reactions
'dtd'net-neceeseri1y teQuire an individual's experience of direct loss or
evident major disruption.. Invthe Townsville case, workers in the social
work field did not consider there was evidence of 1ong-term'psycho1ogica1
after effects, but it must be observed that no investigation of this
problem was undertaken. - The concern for the individual who has social or

'psychiatricfprob1ems‘may run counter to the aim of others who are
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responsible for providing protection for the community during disaster

situations.

A particularly difficult problem results from the relatively low

frequency of hazard events and the distance between towns. For 1nstance,

s1nce its found1ng 1n 1864, Townsv111e has,exper1enced about n1ne
damaging storms, in this century 1n 1903 1940 1956 and-1971 The
relief organ1zataons frequent]y depend upon a very small nucleus of
trained permanent staff and a larger body of part-time yeiunteers. After
considerab1e¢periods of inaction they may be called ueon_to_fespond to
a high pitch of activity at very short notice. It is obviously difficult
to ma1nta1n training and dedication to duty at the necessary high 1eve1
in th1s pattern of operation. _

~Local rescue and re31ef 1nventor1es can be ma1nta1ned onTy at a
limited level, but 1t is genera]]y poss1b1e w1th the he]p of service
aircraft for emergencymsqpp]1es, tarpaulins, even building materials to
be flown in quickly after a cyclone. Federal and/or.State-action hes
been prompt inrthis respect, but inevitably there have been cases where
hurried decisions or.lack of precise informatioﬁ on needs have resulted
in waste of materials, duplication of effort, or incorrect action. Small
isolated communifies present special relief problems, and in this respect

serviee helicopters based in TownsViT]e or elsewhere have played a

~ valuable role. This was strongly emphasized by the part they played in

- the floods of March 1977 at Ingham (a small sugar processing town about

110 km north from Townsville). |
Emergency situatfons require rapid and immediate decisions. Such
decisions may be in conflict with the law and not have Tegislative

sanction. This prpblem was highlighted in the evacuation fo?]owjng the
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Darwin'cyclone. Fortunately there are not too many cases where the |
potential delay in decisions or actions has occufred for legal reasons,
but the prob]em-is potentiaf]y serious. Perhaps it could be argued

that distance, and the time needed‘to refer decisions back to central
offices for confirmatioh, has given those on the spot greater freedom

of action when it has been vital. When insurance claims, pensions,
SOcia1:we1fare payhents; and'housing repair grants have to berreferred
for decision to-a distant capital city, deTays-have certain1y'added to
the-immediéte'stresses; Deficienciés of local staff, such és building
inspectors or-fnsufance:assessbrs, may Tnhan eﬁergency situation_cqmpound
the administrative delays prodﬁced.by remote decision making centers.
Distance from the place of decision making is an aspect of natural hazard .
respoﬁSe in.tropica1 Australia which may not only need more'étudy,'but
potentially may_become;more of a planning problem in the future.

" Recovery from diéaster'can be considered undér four sequential
headihgs; 1) the emergency period-of.initiaT search and reséue; 2) the
phase .of reStoratfon of immediately required basic servicés lasting over
a féw days. 3) the first stage of reconstruction which takes place over
a matter of several weeks or months, and 4) the second stage of recon-
struction which improves on the achievements of the first stage and under-
takeS'work’qn-a more permanent basis which may extend over the equiva1¢nt
or 1oﬁger'period than the first stage. No generaliy.accepfed ideas for
target durations for these four stages exist. They will clearly relate
to the particular problems of specific regions, and will be especially
susceptible to the legal and governmental structures and their flexibility

in the face of pressures for rapid but orderly action. The flow charting-
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of anticipated recovery situations on a critical path basis for hazardous

areas would be a profitable line of analysis.
SUMMARY

The tropical Queensland pattern of natural hazard response shows a

number of parallels with the findings of White and Haas in their Assess-

ment of Research on Natural Hazards (1975) which surveyed the present
position in the United . States. The Queensland analysis underlines fﬁe
fact that mistakes or inadequacies, such as those identified by White
and Haas, are being répeéted elsewhere in the world where local
experience h#s not been sufficiently analyzed or utilized. Comparative
analysis of U.S. and Australian experience Tead to the not unexpected
conclusion that the broad framework and the methodo]ogieg,of_natura1
hazardzrésearch are basically alike. It is clearly apparent, however,
that in detail there are qualftfes which_are uniquely 1ocaT. These.
cannot be ignored in coﬁdeering p]anning-policies. |

The situation in tropical Queensland is not static, however,_énd
recent years have seen a sharpening of the awaréness of the tropical
cyclone hazard. The news media carries a much fuller coverage of such.
events, and consequently the public is more aware of the risk. From
this awareness has followed a much‘more positive approach to cyclone
planning thoughjthis Has been slanted particularly towards resolving the
most immediate consequences of a cyclone. It has been observed in
general by Taipa (1973} that "Experts in the field of disaster relief are
of the consensus that planning for disaster should shift from post-
disaster response to pre-disaster preparedness." It is usually better to

prevent a disaster than to have to cure the i1ls that result. This
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v1ewpo1ntr1s sure1y app11cab1e to the emphas1s requ1red in the
' Queens]and case,

| Long-term planning hee received 1ittle attention Most attent1on
has been given to the strengthening of new buildings, w1th actwve |
research be1ng promoted by the estab]1shment of a Cyc?one Structura]
Test1ng Center and the 1nsta]1at1on of a w:nd funne] at James Cook
Un1versxty in- Townsv111e, w1th F1nanc1a1 support from the State and -
1oca1 eng1neers, archxtects and bu1]ders Va]uab]e.though ‘this is, and
although there are some speC1f1ca11y 1oca1 bui]ding_proolems, such V
developments are more oflgeneral than pureTy regiOne1'sc1entﬁfic and
engineering application, Long~term growth p1ehn1ng has not shown itself
particu1er1y sensitive to the cycone hazard, and there are'meny'who wish
to. see ment1on of such prob1ems relegated to a minor pos1t1on in any
assessment of pTans and prospects for future urban expans1on

It is 1mpossvb¥e to gauge in obaectave terms the extent to wh1ch
changes have occurred in naturaT hazard response over time. Has knowledge
1ncreased and have new adaustments been adopted? Has there been effect1ve
s0ci0- econom1c .eedback in the naturaT hazard system? Have percept1ons
of the hazard or response behavior changed s1gn1f7cant1y? BasacaT]y the
impression is that the pubTlic at large has changed Tittle in its out1ook
though the profess1ona1 and the pub11c off1c1a1 whose duties relate in
some way to hazard 51tuat1ons, have become more perceptive.

Progress in disaster planning and research in Queensland so far has
been uneven.‘ The tropical cyclone warning system has been improved con-
siderably by a screen“of cyclone radar stations along the who}e coaet
from Cairns -to Brisbanefand:by automatic weather stations on cora} cays

or reefs off the coast. These improvements have been aided by improved



44

technology in data c011ect1on and synopt1c analys1s The 1aunch1ng by
Japan of a geosynchronous satellite in 1977, which w111 bring Queens1and
and the Coral Sea under cont1nuous surve1]1ance in 1978 w:ll resu!t in
a further s1qn1f1cant 1mprovement

The amount of research into the natoral hazard situation is small
and poorly 1ntegrated It is not supported or directed on any
coord1nated bas1s To th1s extent United States experience and past and
proposed pattern of research 1nqu1ry prov1des a useful qu1de for, future
attent1on to. the prob]ems in Australia.

There are many areas in which further research is needed. .This is
particularly true with respect io the social problems aod rehabilftation
of disaster affected commun1t1es Much of the existing 1nformat1on oh
the psychological and soc1o1og1ca1 aspects of tne disaster s1tuat1on in
the Queensland context 1acks the author1tat1ve bas1s of a rigorous
statwst1ca1 social survey

Unxvers1ty based proaects shou]d be f1nanced on a major scaTe with
sufficient manpower for intensive research investigation. In addition,

the State could support further hazard research and planning efforts

through the resources of the Coordinator General of Public Works,

possibly supplementing this work by -encouraging the participation of
1oca1'authorifies, |

In general terms, an integrative approach‘to hazard hanagement must
be adopted. This demands a searching and coordinated assessment of the
range of possible adjustments.and an examination of the effects of
different mixes of those_adjustmentsi In addition thie broad approach
requires the evafuation_of the relative hazardousness of differenﬁ areas

of tropical Queensland and a better understanding of the physical pro-



cesses--including the consideration of the unresolved question as to

whether or not any periodic, cyclical or trend pattern of tropical

cyclones exists.

45



Bolton, G.C. -
1970

 BIBLIOGRAPHY |

A Thousand Miles Away: A History of North Queensland
to 1920. Canberra: Australian National University
Press. '

Burton, Tan, Robert W. Kates, and Gilbert F. White

1968

1970

The Human Ecology of Extreme Geophysical Events.
Natural Hazards Working Paper 1. Toronfo: University
of Toronto. - : _

Suggestions for Comparative Field Observations on -
Natural Hazards (Revised). Natural Hazards Working
Paper 16. Toronte: University of Toronto.

Commonwealth of Australia

1976

Haas, J. Eugene,
1976

A Natural Disaster Insurance Scheme for Australia.
Discussion Paper tabled by the Minister Assisting the
Treasurer in the Commonwealth Parliament, December 1976.

Harold C. Cochrane, and Donald G. Eddy

The Consequences .of Large Scale Evacuation Following
Disaster; The Darwin, Australia, Cyclone Disaster of
December 25, 1974. Natural Hazards Working Paper 27.
Boulder: University of Colorado Institute of Behavioral

. Science.

Harvey, N,
1974

Hopley, D.
1974

Kates; Robert W,
1970

Leivesley, Sally
1977

An Analysis of Storm Surges Associated with Tropical
Cyclones in North-east Australia. Unpublished Honors
Thesis. Department of Geography, James Cook University
of North Queensland, Townsville, Queensland.

"Coastal Changes Produced by Tropical Cyclone Althea in
Queensland, December, 1971." Australian Geography 12,
5:445-56, '

Natural Hazard in Human Ecological Perspective.

Hypotheses and Models. Natural Hazards Working Paper
14. Toronto: University of Toronto.

"Toowoomba: Victims and Helpers in an Australian
Hailstorm Disaster." Disasters I, 3:205-216.



Lourensz, R.S.

1977

O0tiver, J.
1974

1975

Southern, R.L.

1973

Stretton, A.B.

- 1976

Stride, H.S.
- 1975

Taipa, C.F.
- 1973

Walker, G.R. and

1977

Western, John S.

1978

47

Trop1ca1 Cyclones in the Austra11an Reg1on July 1909

 Bureau of Meteorology.

to June 1975, Australian Department of Science,
Canberra: :Government Publishing
Service.

“Problems in the Evaluation of Tropical Cyolones as
Natural Hazards." Pp. 345-51 in Proceedings of the
International Geographical Union Regional Conference,

Palmerston North, New Zea]and New-ZéaTand»Geographica]

Socwety

"The S1gn1f1cance of Natura1 Hazards in a Deve]op1ng
Area: A Case Study from North Queensland." Geography
60:99-110.

“Psychological Aspects of Disaster” and "A Community
Opinion Survey of the Effectiveness of the Tropical
Cyclone Warning System in North West Australia."

Pp. 18-22 and 43-46 in Regional Tropical Cyclone
Seminar, Brisbane May 1973. Canberra: Australian Bureau

of Meteorology

The'FuriousiDays. Sydney: Collins.

A Perception Study gf;Tropical-Gyc]ones: Community

Awareness and Preparedness in Townsville. Unpublished

Honors Thesis. Department of Geography, James Cook

_Un1vers1ty of North Queensland, Townsville, Queensliand.

"Organization of the Community to Meet Disaster
Situations." Pp. 16-17 in Regional Tropical Cyclone
Seminar, Brisbane May 1973. Canberra: Australian

Bureau of Meteorology.

K.P. Stark

- The Development of Design Criteria for Extreme Events

Brising from Natural Hazards.

Paper presented at the

US-SE Asian Joint Symposium on Engineering for Natural
Hazards Protection, September, 1977, at Manila,
Philippines.

and Gordon Milne

"Some Social Effects of a Natural Hazard: Darwin
Residents and Cyclone Tracy." In R.L. Heathcote {ed.)
Natural Hazards in Australia. Canberra: Australian
Academy of Science (forthcoming).




48

White, Gilbert F.
1945 - Human Adjustment to Flood Chicago: University of
' Chicago Press. _

1978 "Natural Hazards Policy and Research Issues." In R.L.
Heathcote (ed.) Natural Hazards in Australia.
Canberra: Australian Academy of Science (forthcoming).

White, GiTbert F. and J. Eugene Haas

1975 Assessment of Research on Natural Hazards. Cambridge,
Massachusetts: MIT Press.




4%

APPENDIX A
AN ASSESSMENT OF RESEARCH NEEDS

Some areas of investigation on natural hazard impact and response with
specific reference to tropical cyclones in Queensland in which more detailed,

especial]& quantitative, data are'required are outlined here.

1. The nature of the hazard

a) An 1mproved and more comprehens1ve chrono1og1ca1 record of
tropical cyclones, the1r magn1tude, durat1on, area affected
(10ca1ity; Tand or sea) and types of ‘major dﬁsruption {excessive
ra1n, floods, v101ent wands, storm surges) and 1oss, the mapping
of hazard areas. | o

b) Research 1nto the mefedro]ogy 6f'tr6piea1 cyc?ohes in the Coral
Sea reg1on to assess whether spec1f1ca11y 1oca1 atmospher1c
cond1t1ons ex1st wh1ch wou}d 1nf]uence the genesis and |
subsequent behav1or of trop1ea1 cyc1ones 1n.that 1oca11ty and
whieh'ﬁould eonsequenfly intfoduce-regfonai-aSpects_in forecasting
rprecedukesrands]oca1 needs in the.exteet aed.ﬁature of data
collection. | |

c) A more relfable probability statementﬁdf the risk and an analysis

| of'the Qaiidffy of cifmafic f]dctuaiions or'trends;‘study of
associated damage and mbrtelity or injury trends.

d) An analysis of the public understanding of the character and
behavior of troeica] cyclones as a preliminary to imprqved
pubee education on.eyCTOﬁe fﬁsks.and the devefopﬁenf-of a more

effective and'better underStood-warning system,
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e)

The

A consideration of the relevance, if any, of age, sex, education,

social class to tropical cyclone perception.

techno]ogieal aspects of tropical gyé]bne'impact and response

a)

b)

c)

Translation of basic know1edge on wind and flood effects'On"
buildings and'other strdctures into the nrevailing buiiding and
engineering pract1ces emp]oyed in Queens]and the compr0m1se

in a local context in bu1]d1ng des1gn between roof overhang,
large w1ndows, open pTan vent1]at1on open1ngs and 11ght build-
ing frameworks and the stresses caused by high wind gusts more
effect1ve separat1on of des1gn stud1es for domest1c bu11d1ngs
and for eng1neered pub11c buildings and greater- attentxon to- the
practical T1m1ts of cost and constructTOn tame in the case of
the former |

The reduct10n of the hazard of f1y1ng debr1s

Assessment of the re]at1ve cost mer1ts of construct1on des1gned

| to meet all foreseeab1e stresses and of Tess res1stant and

e)

;fi

durabie bu11d1ngs wh1ch can, however, be ea311y repa1red or
rebuxlt

Evaluation of the engineering stresses on dams, fiood.?evees,
sea walls or embankments.cr_groins which can be envisaged from

the severest 1eve1s of catchment rooding or storm surge,

Better understand1ng of trOpaca1 cyclones as h1gh energy causes

of coast11ne changes the mechan1cs and their consequences
Assessment of the agricultural and forestry 1mpacts—-cr0p damage,
cyclone scrub damage to tree p]antatlons, soi] eros1on, river

bank destruct1on
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h)
$)
3)
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Assessment of damage to paintwork or metal by driven sand or -salt
spray.
Impacts on shipping, including small craft and port facilities.
Effects of air traffic disruption. -

Effects on road foundations and surfacing in circumstances where

major water table oscillations or surface flooding occur.

Zon1ng and 1and-use regu]at1ons, bu11d1ng codes

a)

b)

. ¢)

d)

Ana?ys1s of the perce1ved crater1a upon whxch dec1saons to avoid
(or prevent) use of areas at r1sk from trop1ca1 cyc1one damage
are based Th1s ana1y31s shoqu be related to the understanding
and att1tudes of the general pub11c, the 1nvestor or deve1oper,
the local author1ty and the profess1ona1 eng1neer and economist,
i.e. dwfferent dec1s1on-mak1ng ‘groups. .

Ana]ys1s, on similar lines, of the appropriate po]mcy for the
future use of hazardous areas that are already developed or

occupied.

‘The .problems of estab1ishing building codes and ensuring. their

adoption; control over caravan parks and the possible adoption
of tie down regulations for mobile homes.

Investigation of the legal aspects of disaster recovery.

| Evacuat1on problems

a)

b)

Survey of communaty att1tudes to hazard dangers and evacuation
problems. _ '
Investigation into pkob1ems of overwarning and community

complacency; dissemination of evacuation plans; determination of

'1ega1'powers for. compulsory evacuation.
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c)

d)

h)

Examination for different communities and for the hazard risks
to which they are exposed of evacuaticn procedures, routes and
reception arrangements; assessment of the_sca]e of operation
required and the nature and cost of the disfurbance.caused;

capacity of ambulance services to deal with sick, injured and

~aged.

Local evaéuation and health problems in the tropics.

Social conseéuences of ]onger pehiod evdcdation dﬁStﬁrbance on
family and marital 1ife.

Identificatioh of risk groups in evacuation sffuations--aged,
young. | | |

Communibdfioﬁ and record maintenance problemslin eﬁécuatidns
Establish acceptab1e and unacceptable damage- thresholds for the

abandonment of high. r1sk d1saster lTocalities.

warning gystems

a)

b)

c) -

d)

f)

The pfoblems of warning frequency, amount'and type of information
desirab!é, and methods of dissemination.

Determine what is a desirable and what is a minimum acceptable
lead time,

Safeguards to ensure speedy, accurate and unfailing transmission
of warnings.

Centralization of meteorcological c&c]ohe wérning cénters versus
local meteoroldgica] out-stations.

Prob1ems of night hours and h011day t1mes

ControI of med1a, rad10 television to ensure standard1zed and

accurate warn1ngs and subsequent information without delaying
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message  transmission, or reducing flexibility in the face of

‘'special circumstances.

Should public authorities feel responsible for'présenting a full
assessment of the hazardous nature of their area; should this
be on permanent display; should there be a requirement for the
inc}ﬂsion of hazard risks on the sale notice for a property or

on the title deeds?

6. Insurance and 1oss shar1ng

a)

b)

¢)

d)

e)

£) -
g)

Commun1ty attxtudes w1th regard to wnsurance, the prob]ems of
comp]acency or ignorance. | | |

Private versus government cover; the social.responsibi1ity of
commuh%ty~ﬁ§ofecfibﬁ fn-s.Hazafdous éfes—-a TOCéi responsib%1ity
or‘a.state régionaT Fesbonsibi1ity? The'spréad of insurance

cover; the problems of differentiating risk areas and of

relating premiums to degree of local risks.

Need-forriong-term actuarial information.

Gu1dance on-ways of reduc1ng damage potentxa!, 1ncent1ve of
deduct1b1es 1n prem1um assessment .
Gomprehensxve cover or se]ect1ve coverage of the range of
potentiaT-cyc1one damagé?

Desirabf]ity‘of insurance as an answer tdlthe‘hazard danger.

Tax relief approach as an incentive to insurance and an aid to

disaster recovery.

7. Relief and rehabilitation

a)

Response during a hazard; problems of individual or community

panic, disorientation, confusion; identification of vulnerable

‘groups; education for action during a disaster experience.
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b)

c)

e)

f)

" g)

h)

Tne immediete post-disaster needs of a community--emergency
food, water, fuel and power, sewage, hospital and. medical
facilities, immediate social welfare grants; comnnnity per-
ception of its greatest needs; psy;hoTogicel-and social problems--
mental health; the soc§o1ogy of‘disaster;

Plans for rapid re-establishment of transpert'and communication.
Tinks. |

State Emergency Service; 1its organization, financing and pre-
paredness for long separated emergenc1es, d1ff1cu1t1es of
mob111z1ng 1arge scale relief where towns are smal] and distant
from each other | | "_ |

The analys1s of d1saster s1tuat1ons in genera? and assessment
of the need to 1dent1fy different types of hazard' are the risks
of war and enemy act1on d1st1nct from natural hazard r1sks?
Exam1nat1on of the d?fferences, 1f any, between env1ronmenta1
problems that are persistent and those that are 1rregu1ar and
re}ative]ylinfnequent.

Longer term recovery Dr0b1ems—-socia1'we1fare planning, family,

_socia1 and financial disruption; the responsibility for re-

housing, refurnishing and re-employment; re-establishment of
the social structure of disrupted communities; psychological
lag effects. o | -
Liaison between and co“ord1nat1on of dTFFerent bodies concerned
with hazard rehabilitation; conflict between official bodies

and the voluntary organization; recovery timetable and its

-phases; pre-planning needs.
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LS

The overal] ba]ance sheet of a natural d1saster '

,a)

b)

Overall costs of a disaster and how the communxty bears the
losseé; proportions of loss covered by the local community and
by funds from.goyerhment sources, relief appeals, insurance pay-
ments whiéh are only partly or not at all derived from local
sources.

Thé-psychofogica1 challenge-as an incentive to actioh'dnd7-~
initiative; does disastér Stimulate-or.acceleréte'on-go{ng.
change?

Tropical cyclones as beneficia1.events-—water,supp1y,-controI
of pests, as a stimulus to urban renewal or to a flagging

Future research requ1rements

a)

b)

, 9

e}

f)

Estab11shment of a co- ordinating and supportzng body for natural
hazard studies, e.g., a Natura] Hazard Research Council.

Integrat1on of 1nd1V1dua1 ‘post-event stud1es of maJor cyc1on1c

.storms multiple solution instead of s1ng1e solution approaches

to hazards.

Need for longitudinal studies of hazard situations.

Need to distiﬁguish and analyze single and complex hazard
situations. ”

Monitoring of social and economic changes and their Tink with

- assessments of natural hazard problems, attraction of labor to

new mining or industrial developments in hazard prone areas.
Need to train personnel in the construction and application of
data collection methods including interview and questionnaire

techniques.
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g} The problems of incorporating costs arising in a particular
disaster situation with respect to social and psychological
disturbanﬁe, injury, death or health problems, additional
administrative load, disruptions to activities not covered by

‘normal damage estimates.
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APPENDIX B

TROPICAL CYCLONE CROSSINGS

'Crossihgs of the:coast by tropical cyclones over the period
July 1909 to June 1975. Sections are over 100 km stretches
of the coast from Cape York southwards.

Section P1ace-with Crossing sea Crossing land Total

section to land to sea crossings

] Cape York 1 2 3
2 0 1. 1

3 1 1 2

4 Lockhart 2 4 6

. il ) Q' )

6 : 1 0 1

7 _ 3 0 3

8. Cooktown 1 3 4

9 o 12 3 15
10 Cairns 4 2 6
11 | 5 1 6
12 3 4 7
13 Townsville 5 1 6
14 Bowent 1 0 1
15 4 2 6
16 Mackay - 3 2 5 -
17 St. Lawrence 4 1 5
18 _ ' 5 0 5
19 Yeppoon 0 4 4

Total 88

{Lourensz, 1977)

Note: A tropical cyclone is here defined as a synoptic low pressure
' system with which mean wind speeds sustained over a 10
minute period attain at least 63 km/h are associated. Not
all such storms will be equally destructive.



APPENDIX C

MAJOR CYCLONIC STORM SURGES IN NORTH-FAST AUSTRALIA

Date -~ 7 Location Surge- Lives
- (meters) lost

1884 Jan 30 Bowen 3.05
1896 Jan 26 Townsville 1.80 18
1899 Mar 5 Bathurst Bay 2. 307
1918 Jan 21 Mackay 3,66 30
1918 Mar 9 Innisfail 3.0t 1
1920 Feb 2 Cairns 1.2
1923 Mar 28 Groote Eylandt 7.01
1934 Mar 11 Port Douglas 1.85 _ 75
1948 Feb Bentinck Island . 3.66 )
1949 Mar 2 Gladstone 1.52 4
1956 Mar 6 Mackay 1.40 |
1958 Apr 1 Bowen | 1.51 .2
1964 Jan 13 Karumba 1.52
1964 Feb 4 Edward River Mission 5.48
1971 Feb 19 Edward River Mission 4.57
1971 Dec 24 Townsville (Toolakea) 3.66 2
1976 Jan 20 Yeppoon 1.00

(Harvey, 1974)

* Evidence does not permit this to be confirmed with complete
confidence. The death toll was caused by loss of the pearling
lTuggers at sea.
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Inventory of cyclones crossing the coést (sea to land or land to sea) July
1909 to June 1975 indicating date of crossing, lowest centr§1 pressure
recorded during the Tife of the storm (where known), direction of forward

movement.

. Gulf of Carpentaria
Groote Eylandt to Cape York

East coast

- Cape York to Cape Capficqrn.

Date

5.1.1911
118.3.1911
21.1.1913
1.2.1913
2.2.1913
9.1.1921
2.4.192]
4.4,1921

28.3.1923

.1927
.1929
.1929
.1945
.1946
12.2.1946
6.1.1948

N
j=)
- - - L] - -
MR WMR NN NW .

©12.1.1948 -
©21.2.1948

- 23.2.1948
12.2.1949
- 13.2.1949

. 15.1.1950

21.1.1951
20.1.1952
13.1.1953
15.4.1953
16.1.1956
21.12.1956
1.2.1957

.3.1923
1925

Central
pressure

mb -

1003

Direction of

movement, -

Degrees from
north

1195
310
095
275
275
255

225

180
255
235
275
340
280
270
275
290
270
110
130
125
200
260

180

165
180
130
200
240
185
120
115

Date

- 27.1.1910
..29.1.1910
10.2.1917

12.2.1911

- 17.3.1911

8.1.1913
22,1.1913

- 30.7.1913

27.12.1916

15.12.1917

15.12.1917
20.1.1918
10.3.1918
3.2.1920
1.4.1921
6.4.1921
28.3.1923
26.2.1925
19.6.1925
10.2.1927

26.2.1929

27.2.1929

- 31.1.1945

1.2.1945

Central
pressure

“mb

Direction of
movement
Degrees from
north

210
115
no.
180 -
215
070
100
270
245
210
- 105
235
245
245
230
120
255
255
215
250
235
105 -
230
110
110
275
210
235
240
145
220
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Gulf of Carpentaria

APPENDIX D (Continued)

Groote Eylandt to Cape

York

East coast

Cape York to Cape Carpricorn

CentfaT

Date
- - pressure
mb
15.4,7958 - 990
15.1.1959 992
19.1.1959 995
25.12.1959 . 988
26.12,1959 - 986
20.3.7960 - 1002
22.3.1960 1003
3.3.1961 988
19.2.1962 999
7.1.1964 (Audrey) 999
11.1.1964 (Audrey) 983
4.12.1964 (Flora) 996
5.12.1964 (Flora) 992
14.1.71965 _ 998
27.1.1965 (Judy) 1002
29.1.1965 (Judy) 996
15.3.1967 {Cynthia)} 994
19.3.1967 (Cynthia) 1002
28.1.1968 (Dixie) 986
21.2.1968 (Bonnie) 1004 .
11.2.1970 (Dawn) 994
18.3.1970 (Cindy) 995«
19.3.1970 {Cindy) 1000
3.2.1977 (Aggie) 986
19.2.1971 {Fiona) 960
7.1.1972 (Bronwyn) 996
13.4.1972 (Faith) 997
29.7.1973 (Adeline) 970
1.3,1973 (Leah) 996
5.3.1973 (Madge) 996
6.3.1973 (Madge) -—
25.3.1973 (Bella) 1002
11.2.1974 (Yvonne) 1000 .
14.2.1974 (Yvonne) 995

Direction of’

Central

Direction of

{ Date
movement pressure  movement
Degrees from mb-  Degrees from

north north
235 5.2.1947 - - 065
035 11.2.1947 ' e 205
070 6.1.1948 -~ 110
095 13.1.1948 -- 080
130 10.1.1949 996 115
270 11.2.1949 995 230
270 16.2.71949 - 125
110 6.3.1950 - 270
090 - 8.3.1950 _ -- 085
- 180 - 10.3.1950 -- 285
225 3.1.1954 - 115
120 7.2.1954 990 180
110 7.3.1955 965 240
105 20.1.1956 1000 360
105 6.3.1956 961 275
130 2.2.,1957 1001 110

. 335 1.4.1958 968 - 250
235 20.1.1959 985 125
225 16.2.1959 948 - 175
265 28.12.1959 997 . 095
070 - 20.3.1960 1002 270

- 255 0 3.3.1961 . - 115
- 035 6.12.1964 (Flora) 996 110
- 275 14.71.1965 1000 105
140 30.1.1965 (Judy) 997 075
125 18.1.1970 (Ada) 962 205
115 11.2.1970 (Dawn) 994 075
205 16.2.1971 (Gertie) 988 295
260 21.2.1971 (Fiona) 995 110
270 - 24.12.1971 (Althea) 952 - 230
290 14.4,1972 (Faith) 1002 095
190 4,3.1973 (Madge) 997 265
285 19.12.1973 (Una) 988 175
10.2.1974 (Yvonne) 995 280

225

(Lourensz, 1977)

Note;

The above 1ist does not represent individual cyclones. In a number of
cases cyclones moved out to sea and crossed the coast again elsewhere.

Some cyclones moved from one region to another. Where they stayed

within a region and crossed the coast more than once the name is

repeated.
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APPENDIX E

OrganizatiOn‘gf_the,QueenéTand.Countér DiééstékZOréanization (1975)

1. December 1975 an. Act of the Queensland Par]iamént established the
State Counter Disaster Organization (SCD0) and State Emergency
Service (SES). ' L ,

2. i) The Director of the State-Emergency Service administers the
- SCDO-and SES under. the -overall control and direction of the
Minister for Police. ' '

i1) The Director §ES is the Executive Officer of the Central Control
Group -of which the Chairman-is the Coordinator Generail. 1his.
Group provides the link between the disasterrarea and the .

Government.

i11). Queensland is divided into 27 Disaster Districts. Each such
: - Disaster District consists of one or more local authority areas
and the operational counter-disaster control is under the -
direction of the Disaster District Controller. The Controller
. is responsible for organizing the resources of his District for
the counter-disaster operations and, where he considers it
necessary, for requesting outside assistance. Under the Act, .
Police Inspectors have been appointed Disaster District
Controllers. A Disaster District Control Group, chaired by the
Controller and incTuding representatives from the local authority,
medical authorities, the court, ambulance, fire brigade, the
Regional Operations Officer SES, and.the Local Controllers,
SES and others, is set up to assist each Disaster District
Controller. It meets at monthly intervals during the cyclone
season and six-week intervals during the rest of the year.

3. The State Emergency Service provides for the education and training
of the members of the public for counter-disaster purposes and for
the coordination, direction and control of volunteers, material and
resources in counter-disaster operations.

Under threat or occurrence of a disaster the SES is activated at
State Teyel by the Director SES or at local level by the Local
Controltler SES.

4. In the event that the effects of a disaster or threatened disaster
are likely to exceed the capacity of the statutory services to deal
with the situation a State of Disaster may be declared by the
Disaster District Controlier for a period of three days {with the
approval of the Minister for Police or Chairman SCDO) or for fourteen
days b{ the Governor in Council (on the advice of the Minister for
Police).
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5. A State of Disaster confers extensive powers upon

a) Chairman SCDO and D1saster Dwstr1ct Controilers

i)

i1)

i11)

Owners of resources can be requ1red to surrender them to
authorized persons for counter-disaster use

Evacuation or exclusion of persons from part1cu1ar areas
can be directed’

Powers similar to those-conferred upon the group listed
under b.

b). Local Controllers, Police Officers and other Authorized Persons

i)
1)
711}

iv)

Power to enter places where necessary to prevent loss of
1ife or injury or to relieve suffering or distress

Power to close roads, etc. to traffic
Power to remove vehicles impeding counter-disaster operations

Power to evacuate or exclude persons from particular areas
(with the concurrence of a).
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QUEENSLAND COUNTER DISASTER ORGANIZATION
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