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ABSTRACT

John McAneney , Risk Frontiers, Dept. of Environmental Sciences, Macquarie University, NSW 2109

This study examines building damage as recorded in PerilAUS to determine the national

profile of natural peril impacts and frequenciess EA AT A1 UOEO AiBPITUO 2EOQE
Index based on a House EquivalerHE) loss metric introduced by Blong (2003); a
normalisation correction based on Crompton and McAneney (2008) and Crompton et al.

(2010); and a lower bound event threshold of 25 normalised HE. The latter is equivalent to a
monetary loss of around $10m ir02516. Normalisation puts historical events on a common

footing with lossesthat would be incurred given 2015 societal and demographic conditions.

It answers the question: what would be the building losses if historic events were to recur

today?

While more validation and analysis remains to be donee are confident thatthe relative
importance of the various perils and their spatial distribution across states and territories has
been faithfully captured. Broadly we find that there have been aaverage5.85 events per

year causing losses in excess of 25 normalised HE. This frequency exhibits no statistically
significant change since 1900he mean loss per event is Bn with a standard deviatiorof
$430m.

The most costly event in terms of building damage is the 1999 Sydney hailstorm, whiak

also the most expensive insured loss. The losses broadly follow a Pareto distribution in which
20% of events account for 80% of the aggregated normalised buildingdssind the top 20

are responsible for50% of those losses. We can expect natural disaster events as costly as
the 1999 Sydney hailstorno occur about once per century, eventtike the Brisbane floods
once every 30 to 40 yearand that of the Hobart Bushifes about once a decade

Just why most of the extreme losseg the 1974 Brisbane floods and Cyclone Tracy in the
same calendar year, the 1999 Sydney hailstorm and the 2011 Queensland and Victorian floods
Z are clustered postl970 requires further investjation. We do not believe thiso be a
reporting bias and know in the case of floods, for example, that Brisbane experienced much
higher floods in the early and latel9th century than either the 1974 and 2011 floods.
Regardless of the reason, thepattern of lossesdemonstrates clearly OE A GEARAIOAA 6
character of the distribution of natural peril losses in other words, there is always the
possibility of event losses far in excess of the historical medrhis may beccur becauseof

an event of higher itensity or larger footprint, that footprint impacting an area of higher

valued exposure or all of these together

Of all the perils, tropical cyclones have been most destructive and responsible for 30% of the
national building damage since 1900. Bushfitdbods and hail have all been similarly costly
each accounting foranother 18% of building losses, although when hailstorms are combined
with other storm events (excluding cyclones), thunderstormsimilarlycontribute 30%of the
losses. Compared with metorological hazards, geophysical perils have had a minor influence
on building damageover the last 116 years with earthquake losses dominated by a single
event --the 1989 Newcastle earthquake. Howevéhis time period is too short to predict the
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frequency of damaging seismic events and in the casetbfs peril, as with some othes, the
spatial pattern of losses shown here could be overturned by another extreme loss.

QUESTIONS FOR FURTHER RESEARCH

1.

Furthervalidation of the House Equivalent calculations with particular scrutiny on Central
Damage Value estimateby peril. The best way to do this is byomparisonwith the ICA
Disaster List once thishas beenupdated and normalised andwith output from Risk
Frontiers suie of Natural Catastrophe Loss models.

Comparison ofthe pattern of loss of life with the building damage over theommon
period (1970 to 201Bwhere both databases are thought to be complete.

Scrutiny of the loss data in respect of meteorological indicgdEENSO, SAM, IOD, etc.

Exploration of what these data mean fothe national spend ommitigation z is mitigation
making a material difference to the loss profile?

How can this data contribute to a national risk assessment?

Why are extreme HE losse® A1 O O O A-T920R 5 théd alyéxason for this or is it just a
random pattern?

What is the significance of the fatailed nature of the distribution of losses for emergency
management?
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BACKGROUND

Estimating the cost of natural disasters in Australiaas important but far from trivial task.
Interest in having better definition of this cost and its spatial distribution arises from many
parts of government as well as the emergency management sector. The authors of an early

effort by the BTE (2001) recogeiAA OT i A T £ OEA AEAEFEAOI OEAO AT A
AT 1T Al OOETI T O AOAxT r &£Z01 1 OEAEO OADPI OOY 1 000 AA «
analysisof economic lossesvas heavily based on a corrupted version of the Insurance

#1 O1T AET 1T /£ | Ol BAICADISAsEr Listh ®hich @ditles insurance sector

losses since 1967.

Rather thaneconomic losses, Blong (200%yas focusedfirmly on direct losses, specifically

AAOAT EOEAO AT A AOEI AET ¢ AAi AcAs , EEA 10600 OOO0OAU
PerilAUS database (Coates 1996; Haynes et al. 2010; Crompton et al. 2010; Coates et al.

2014) using data from 1900 onwards. He employR&k Frontiers House Equivalent (HE)

methodology (Blong 2003. While this metric has the virtue of being inflaticproof, it

ignores other societachanges that have taken place since the turn of last century. In other

words, the assessment preferentiallgives more weight to more recent events, in much the

same way as il the BTE (200L)eport. This shortcoming can be overcome using

adjustments that have become known as loss normalisation (Pielke and Landsea 1998).

Crompton and McAneney (2008) normaliseflustralian insurance sector losses from a

corrected version of the ICA Disaster List and then updated this methodology again in 2011

for a report to the Insurance Council of Australia. Losses were broken down by state and

peril beginning with the 1967 Hadt bushfires. This work was further updated again for the

001 AODAOGEOGEOU #1 1 I E OO Edafurél disagter fenBidy@rrafigerfedt& OU ET O1 ¢
Key findings were that that a small number of extreme events were responsible for most of

the aggregated nomalised insurance losses and that the increase in insured costs over time

could beaccounted for by increasing exposure and wealth. This view has now been

accepted by the IPCC (2012; 2014).

In our present study, we reexamine Australian building losses irgy afurther updated
version of PerilAUS. Btural hazard considered comprise hshfire, earthquake, flood,
severe storm (gust, hail, lightning, rain and tornado) and tropical cyclae

The project was completed in two steps: 1) updating the data held hiit PerilAUS and 2)
analysis obuilding damage from natural hazard events between 1900 and 201%pésil type
and by state and territory The focus of this report is the second of these.

Other phases of this CRftinded research programme have dealt witfatalities associated
to natural perils and have been reported upon separately (e.g. Coates et al. (2016)). Fatalities
will not be further discussed in this report.
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METHODOLOGY

PerilAUSontains detailed information on natural hazard events impacting Australia from
European settlement (1788) and before, but with good confidence from 1900. The data
emphasisesnatural hazard incidence and consequencesich as fatalities, damage to the
built environment, insurance losses, economicosts and event physical attributes.

As noted in previous Bushfire and Natural Hazards CReports, PerilAUS data is based on
material collected from news media, government departments and the published literature
In terms of newspaper accounts while a range of newspapers were examinedhe Sydney
Morning Heraldand its forerunner, The Sydney Gazetterovide an unbroken record of just
over 200 years of disaster reporting, for the first hundred years and more,dnrrespondents

in every tinpot settlement in the country. While parts of the paper are indexed, muctfi the

run is not and researchers read every natural hazasddated item up to the late 1990¢Blong
2004).The ICADisaster List which records insurane sector losses since 1967, has also been
consulted to provide a crosscheck on the loss figures RerilAUSand also to ensure key
events were not overlooked.

The data covers 12 peril types: bushfire, earthquake, flood, hailstorm, extreme heat,
landslide,lightning strike, rainstorm, tornado, tropical cyclone, tsunami and windstorm. The
database has served to underpin some twerdwe other hazard and riskrelated studies: for
example, Coatest al. (1993); Coates (1996); Coates (1999); Blo26d3 and2005); Haynes

et al. (2009); McAneney et al. (2009); Haynes al. (2010); Cromptoret al. (2010); Blanchét

al. (2014) and Coatest al. (2014).

At the time of writing, December 201&erilAUSontains a total 0f15,29%vent records
from the year 1900An additional 1163 evenisere added during the last 12 months of ih
project. Not all of these events will have caused building losses. In fHogre is no easy way
of separating events that have caused building losses frahose that have impacted in
other ways. All that can be said is that each event listedRerilAUShas had an impact on
human health and/or the built environment.

The additional events listed sincRovember 2014 include:

a few year 2013 events

many year 2014 events

all year 2015 eves and

1 any new data in all major (ICA listed) events from 1980715.

= —a -

Many of the new event reports related to the fatality investigations of this project.
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HOUE EQUIVALENS

PerlAUSAT D1 T UO @BROBOADAI 66 j (wq |1 AGOEA O Al

peril types, locations andyears of record(Blong 2003; Blong2005). All buildings losses are
categorised as an equivalent number of mediaized residential homes so that four
residential dwellingssuffering 25% damage in an earthquakeequivalent to onedwelling
completely destroyedin a bushfire Damage to otherbuildingsis alsomeasured interms of
numbers of mediansized residential homesising comparisonsased on relativefloor areas
and construction costs per iz the Replacement Ratio (RR)A median-sized house is given
a RR of1.0 while a mediassized townhousehasa RR of 0.7; an Office and Showroom 23; a
General Hospital 410n short, RR is the multiple required toxgressthe cost of a buildingin
equivalent numbes of mediansized residentialhouses Blong (2003) tabulates RR for
different categories of construction. Clearly buildings such as hospitals, hotels and shopping
centres vary enormously in scale and whetmetter information exists about cost ratios, it
should be used.

The amount of damage sustained by each building categoryaissigneda Central Damage
Value (CDVjanging from 0.02 for Light, 0.10 for Moderate, 0.4 for Heavy, 0.75 for Severe
Damage and 1.@or Total destruction. These values follow from postvent reconnaissance
missions undertaken by Risk Frontiers and others. It then follows that ttmtal damagefor

an individual building can be expressed as:

Damage (HE)= RRx CDV

Or more generaly, the total event damage

Damage (HE) 4 ijRRx CDV
where the summation is across all buildings (i) and locations (j) impacted.

The Damage Index is concerned only with buildigsgnd ignoresdamage to motor vehicles,
fences, building contentshusiness interruptionjnfrastructure, demand surgeand othercost
elementsthat may all feature strongly in insurance claim$hisdistinction is important when
considering events like hailstormayhere, for example, a large proportion of theoll in urban
areasmaycome fromdamageto cars, particularly if the storm occurs during a period of peak
traffic flow . In the 1999 Sydney hailstorm about a third of the insured cost was due to damage
to motor vehicles.

Clearly the accuracy of the HE calculation &y sensitive to the estimation of CDahd to the
number of buildings damaged. Judgement needs to be applied especially where the data on
numbers of buildings and the degree of damage is poaswill often be the case in media
reports.

Nonetheless here are real benefits of considering building damage in this waly particular,

it enablesa good understanding of the components of damage in any particular event.
Comparisons can be made between total damagend/or the components of damage of a
particular peril type across time and space and dhe relative destructivenessof different
perils, e.g. flood visa-vis bushfire.The index is also inflatiogproof. More detail can be found
in Appendix 1.
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NORMALIZATIONDF HOUSING EQUIVALENTS

In order to compare the impacts of historical events with more recent events we employ
what has become known asoss normalisatior{Pielke etal. 1998; Crompton and McAneney
2008; Crompton et al. 2010 Loss normalisationanswersthe question: what would ke the
cost today if historicalperil events were toimpact upon current societal and demographic
conditions?Clearlya repeat today ofan event that destroyed a handful of homes in 190&s
the potential to inflict much larger losses in areashich now hawe much higher numbersof
homesthan was the case at the time of the original evenThe normalisation processised
here accounts for this byadjusting historical losses for known changesn numbers of
dwellingsand improvements in buildingodes and construction in cyclorrone parts of the
country.

To normalize bushfire building damage (HE) recortts current societal conditions we
follow Crompton et al. (2010) bgonverting the HEin yeari to year 2015 numbers as
follows:

HEo15= HEX N;j (1)

where N;jis thedwelling number factodefined as theratio of the number of dwellings in
year 2Q.5in state or territory j to those present in yeai. Thenumber of dwellings in each
state or territory is reportedin the census opopulation and housing and/or year books
which areavailable from the Australian Bureau of Statistics (AB®}tp://www.abs.gov.au].

A dwelling is definedasa structure intended for humarhabitation? normallya house, flat,
caravan, and so on but also indudes hotels,prisons,hospitals? that were occupied on
censusnight. National censwere undertaken irregularly util 1961 and at-§early intervals
since. Linear intgpolation was used to determine the number of dwellingior years

between census yearsGrowth in the number ofdwellings is assumed as a proxy for growth
in HE.

TheHE representation avais the need for an inflation afistment. Although Blong (2003)
differentiates between smallmedian, and large houses based on floarea, this level of
detail is not often included in the sourceocuments and so, for most building types,
numbers ofHE were based on a single (median) size of each buildiyge.

We follow Crompton and McAneney (2008 payingspecial attention to wind losses caused
by tropical cyclones since improved building codegere brought into force following the
destruction of Darwin byTropical Cyclone Tracy in 197Bhese mandated improvements in
building construction standardscame into effect at different times in different area of the
country: herewe adopt 1975 foDarwin, 1976 for Townsville and 1981 elsewhere as threshold
years for building coderegulation of the wind standard and to discriminate between new
and improvedconstruction.

We have applied this technique to the tipical cycloneghat have produced the most
building damage andestimated the adjustment for the remaining events from a curve fit to
the results. There is scatter about the curve due to the way in which the adjustment is
calculated and it outputsTC Building Code Adjustment Factas a function of theyear the
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event occurred.Failure to allow for the wind standard being regulated would be to assume
the ratio of pre-to post-19XX buildings is the same in season284 what it waswhen the
event occurred.

TheBuilding Code Adjustment Factds unique to each tropical cyclonevent loss and
incorporates the proportion of the loss attributable to wind damagedbuildings as opposed
to flooding or storm surge, wind damage to cars, etc. anthe proportion of pre-and post
19XX dwellings in the impactedrban Centre and Localityl{CL both in the seasorthe
event occurred and in season 2B1It also accounts fopre-and post19XX residential
building lossratios (ratios ofdamagelosses toreplacementvalues) that are a function of
peak gust speedThis loss ratio also includes damage due to widdven rain following
wind damage tothe envelope of the dwelling. The adjustment assumes the pakdXX
buildings were builtin line with the wind standard, i.e. @ more or less vulnerable than the
wind standardprescribes.

Urban Centres and Localities (UCLS) are a geographical unit that statistically describe
Australian population centres with populations exceeding 200 persons. They are designed
for the release ofdata from the Census of Population and Housing, and are derived from
analysis of the data within Statistical Areas Level 1 (SA1s) from the 2011 Census. UCLs are
created from aggregates of SAls. Centres with a core urban population of 1,000 persons or
more are considered to be Urban Centres, whilst smaller centres with populations of 200
persons or more and a core urban population below 1,000 persome aonsidered to be
Localities
(http://www.abs.gov.au/websitedbs/D3310114.nsf/4a256353001af3ed4b2562bb064/&81H
6e07234c98365aca25792d0010d730/$FILE/Urban%20Centres%20and%?20Localities%20and%20
Significant%20Urban%20Areas%&DFact%20Sheet.pdf
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TIME SERIES OF LOSS FREQUENCIES AND HOUSING EQUIVALENTS

Figure 1 shows the annual aggregated number of events causiogmaliseddamage in

excess of more than 25 HE. This threshold is adopted to overcome a likely bias against very
small events that may not have been featured in newspapers or been the subjecofficial
enquiries. On average there are 5.&hichevents per year. With an average house price of
$400k, this threshold is equivalent to an event loss of $10 m due to damaged buildings.
Using a threshold HE rather than a dollar loss is more defensibledugse inflation alone will
reduce the significance of a $10 m loss over time. By way of comparison, the ICA Disaster
List employs a notional value of $10 m but its application has not always been rigorously

adhered to.
.
D. H‘ll |“||N|||‘J“ ‘“l|\||‘|||”|||\‘|.|| |“| |‘|M|“\||‘| ‘||“ || N“W

1900 1925 1950 1975 2000
Year

Figure 1The annual number of daaging events per year since 19@Gth normalised HE
losses > 25Year 1900 refers to thd2month financial yearbeginning July 1: this is done to
separatesuccessive summer periods, when many but not all natural disasters occur

Count

Figure 2 shows the aggrgated but non-normalisedHE losses by year since 1900shows

1TO0A0 ET xEAO EO ANOEOGEERAT @O0CHWthODOABPOABDI AOO
comparison as it ignores large social and demographic changes that have occurred over the

116 yeard-or consistency with Figures 1 and Figure 3 (see later), Figure 2 also excludes

events with normalised HE losses §2
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The normalised losses in Figure 3 show the normalisation adjustment is successful in
cancelling outthe escalating trend obvious in Fige 2 and point to increasing

concentrations of population and wealth in atisk locations being the primary cause of
increasing building damage. This result is in line with other scholarship across different
perils and jurisdictions (Pielke et al. 2008;d@npton and McAneney 2008; Bouwer (2011);
McAneney et al. (2017) and references therein.) This conclusion has also been accepted by
the IPCC (2012, 2014).

The average event loss over the 116 year$8m with a standard deviation is $430nn four

years, financial years 1973, 1974, 1998 and 2010, losses exceed 10,000 HEs. Key events
responsible for these extreme losses are the Brisbane floods in 1974, Cyclone Tracy (1974),
Sydney hailstorm (1999) and the Queensland and Victorian floods {20dust why these large

1T O0AO0 ADPDBAAO-1900AL beledriatdiwadantDfirtded research. We do not
believe it to be a reporting bias. In the case of the Brisbane floods for examfilere were

floods in the early and late #9century thanwere larger thaneither the 1974 or 2011 events

(van den Honert and McAneney 2018lobally we have seen apparertme clustering of

large earthquakes, but proving these occurrences to be statistically different from a random
pattern is very difficult (Dimerde Oliveira 2012).

Table 1 shows the top 20 normalised HE totalghich are responsible for 50% of the
aggregated normalised lossesThis list includes five different perils and reinforces the fact
that the Australian riskscape is not dominated by one gjie peril. Figure 4 also shows these
data to conform to a Pareto distribution(Vose 1996) witi20% of events responsible for 80%
of the aggregated normalised HE losses.

Table 1 also lists the Average Annual Recurrence Interval of losses calculated as:
ARI = (116+1)/Rank (2)

It shows that natural disaster losses of the order of those inflicted by the 1999 Sydney
hailstorm can be expected about once per century and those similar to the 1967 Hobart
bushfires once every decaddhe fat-tailed nature of the distribution meansthat losses well
in excess of the historical mean are always possible.

Table 2 lists the top 10 normalised insurance losses to 2015 societal conditions and shows a
slightly different view of risk (McAneney et al. 2016). Nonethetet is gratifying to see that

the ranking of the top eventsin Table i1s more or less preserveth the ICA Disaster List
Differences betweenthe two tables arise fromthe following:

1 The shorter record of the ICA Disaster List which begins in 1967

1 The CA Disaster List misses many smaller events

1 Until the 2011 Queensland and Victorian floods, flood damage to residential homes
was notuniformly insured

1 Insured claims cover many other elements of damage than just building losses,
including business intemption lossesand vehiclesBoth were significant
contributors to the insured cost ofthe 2007 Pasha Bulker storpor example,in
which 4000 motor vehicles were destroyed.

1 The ICA Disaster List contaimsrors: for example, neither PerilAUS nor the BoM
attribute any losses to Tropical Cyclone Madd&973)

10
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Figure 2 Non-normalisedHElosses aggregated byinancialyear since 1900.
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Year

Figure 3.As per Figure2 but showing normalisedaggregatedHE by year

11
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Table 1Events ranked byiormalised building damage itHE (190 2015)and Annual
Average Return Interval (ARI). Losses have been estimagssuming thevalue of a median
sized building in 2018 $400k.

Rank | Year | Event Estimated Loss ARI
($millions) (years)

1 1999 Sydneyhailstorm 5754 116
2 1974 TC Tracy 5334 58
3 2011 Brisbane floods 4763 39
4 1974 TC Wanda floods 3654 29
5 1985 Brisbane hailstorm 2323 23
6 1983 Ash Wednesday fires 1991 19
7 1937 Unnamed TC 1990 17
8 1989 Newcastle earthquake 1952 15
9 1939 BlackSaturday bushfires 1673 13
10 1903 TC Leonta 1556 12
11 1967 Hobart bushfires 1394 11
12 2007 Western Sydney hailstorm 1219 10
13 1954 Unnamed TC 1108 9
14 1918 Unnamed TC 1017 8
15 2009 Black Saturday bushfires 995 8
16 1907 Unnamed TC 874 7
17 1998 Brisbane and region hailstorm| 778 7
18 2010 Perth hailstorm 742 6
19 1918 Unnamed TC 604 6
20 2003 Canberra bushfires 603 6

Table 2.Top 10 Australian normalised (2042015) insurance sectanatural disaster loss
events (McAneneyet al. 2016).

Rank Year Event Cost (Millions AUD
1 1999 Sydney Hailstorm 4475
2 1974 Tropical Cyclone Tracy 4178
3 1989 Newcastle Earthquake 3834
4 1974 Brisbane Floods 2701
5 2011 Queensland and Victorian Floods 2506
6 1983 Ash Wednesday Bushfire@Vildfires) 2371
7 1985 Brisbane Hailstorm 2046
8 2007 Pasha Bulker East Coast Low Storr 1966
9 1973 Tropical Cyclone Madge 1520

10 1990 Sydney Hailstorm 1433

12
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Figure 4.The top300 normalised losses as listed in Table 2 against rank. The straight line
shows a Paretqpower law) distribution.
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Figure 5.Breakdown ofnormalised HHossesby State since 1900.
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BREAKDOWN APOTALLOSSES BY STATE

Figure5shows a piechart represertation of normalised HE damages by State since 1900.
Queensland tops the list with 37% of the national total followed by NSW at 28% and Victoria
12%. Collectively NSW and Queensland account for 75% of total building Inssegd over

the last 116 years.

BREAKDOWN OF LOSSEBHNL

Figure6 displays a breakdown of the national event count and normalised HE losses since
1900 by peril. We note that whereas bushfires and floods cause losses comparable to their
frequency, tropical cyclones, hail and earthquakes are much more destructive thanithe
frequency might imply.GDtherO dnclude storms other than hail and tropical cyclones,
landslides, tornadoes and lightning strikestormsoccur frequently but are relatively non
destructive compared with the major perils identified individually.

Of allthe perils, tropical cyclones have been the most destructive accounting for 30% of the
losses with hail, flood and bushfire each contributingnother ~18% eachearthquake losses
are mostly attributable to a single eveng the 1989 Newcastle earthquake.

In Figure7 we examine the same data bun this case group all normalised HE losses due to
hailwith strong wind gusts tornadoes, lightning and heavy rainfalinto a Thunderstorm
category (TS) Collectivelythunderstorms are as destructive as tropicalyclonesin

accounting for 30% of the damage.

The breakdown of losses by peril in Figures 5 and 6 are broadly in line with those of
Crompton and McAneney (2008) determined from an analysis of the ICA Disaster List but
differ in detail due to:

1 the importance of more recent extreme eventsz the 2009 Victoria bushfires, the
2011 Queensland and Victorian floods and Tropical Cycloneafssin 201admongst
others;

1 alonger datasetand

1 consideration of a wider range of perils.

14
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Figure 6. National event frequencies and normalised HE losses by peril type.
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Figure 7. As for Figure Sut with losses due tchailstorms, gust, tornado, heavy rainfall and
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BREAKDOWN OF LOSSEBHRL AND BY STATE

Figures8 to 12 show the proportional breakdown of the total losses attributable to various
perils across States and Territories. Over the last century, bushfires have been most
destructive in Victoria where theyhave been responsible for over 50% of the national
building loss caused by this peril. Nonetheless bushfires also pose a serious risk in all other
states and territories with the exception of Queensland where losses are minor compared
with floods and cyclmes.

Figure9 shows that earthquake losses are dominated by the 1989 Newcastle event.
However, 116 years of data is too short a time period to dismiss the seismic riskghtise
buildings and even another modest event in a major metropolitan area suchAakelaide or
Melbourne, for example, could turn this graph on its head. Poor construction practices in
respect to seismic ground motions and high property costs mean that earthquake risk
tends to drive the top end of reinsurance programmes covering Austiaii natural hazard
risks.

Figure10shows hail to have been a problem especially in NSW followed by Queensland.
Large and costly storms experienced in Perth (March 2010) and Melbourne (Christmas Day
2011) serve as a reminder that hail is not just an issueNSW and Queensland.

State
W act
0 nsw
B
B awo

.TAS
e
0w

Bushfire Losses

ACT NSW NT alb SA TAS vic WA
State

Figure 8. Percentage of the aggregated normalised HE losses caused by bushfires in
different States and Territories.
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Figure 9. Percentage of the national aggregated normalised HE losses caused by
earthquakes across different States and Territories.
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Figure 1Q Percentage of the aggregatechormalised HE lossaused by hail across different
States and Territories.
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Figure 11 Percentage of the aggregated normalised HE loss caused by flood across different

States and Territories.
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Figure 12. Percentage of the aggegated normalised HE lossaused by tropical cyclones
across States and Territories.
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Figurelshows that flood losseshave been particularly destructive in Queensland with 65%
of the national toll experienced in that state. The 1974 and 2011 floods were particularly
damaging, although even larger floods were witnessed in Brisbane in the early and late 19
century (van den Honert and McAneney (2013)). NSW follows nefter Queenslandwith

25% of the national total. NSW has probably invested more in flood mitigation than have
other states.

Lastly, in the case of Tropical cyclones over 50% of the aggregated HEddsgé&ropical
cyclones have occurred in Queensland with another 37% in the Northern Territory, notably
the destruction of Darwin in 1974. Cyclone Tracy is yet another reminder of how sensitive
these statistics can be to a single eveffigure 12)
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BIASE®\ND DATA LIMITATIOSIOF PERILAUS

Newspaper articles, while containing valuable narrative detail, can contain inaccuracies and
bias towards newsworthy events. Th@erilAUSecord from the early 1900s contains a certain
spatial bias towards New South Wales (NSW), especially Sydney, as the main and local
newspapers from states other than NSW were not available online until the 1990s. The
inclusion of government, scientific, istorical and other reports helg balance this bias.

News media has been searched in recent years Viave - National Library of Australia and
Factivaz an online search tooland current international news database. However, Trove
cover is sparse to nn-existent beyond the 1960s and Factiva covers onlgoin the mid-1980s
(for the Sydney Morning Heraldbr the early to mid-1990s (for the main newspaper from
other states and territories), with cover very good from about the mid990s onwards
(including the more local news media).

Importantly, the inclusion of all those events within the Insurance Council of Australia (ICA)
list (from 1967 to 2015) assigned a Catastrophe number has ensured that the most damaging
natural hazard events that have impacted Atralia since 1967 haval been accounted for.

Some possible big events that did not impact populated areas in the early part of last century
may not have warranted mention in local newspapers and PerilAUS will not contain records
of such events.

The man limitation to PerilAUS (and any other historical database) in respect to our current

task is that there isoften no one source of precise data to support the HE calculations for

manyA OAT 668 10EOA 1T £O0AT OEA OADPI OOOCAQRKHAELI AADAEA
difficult to extrapolate the number and type of buildings and the percentage of damaged

caused to them from a statement like thisin the case of large events, where a CDV is

estimated for a very large number of buildings, the resulting HE walneeds to be treated

with caution, as a small change in CDV or Ba&translates into a potentially large change in

HE.

It is impossible to assert thaPerilAUShas captured every detaibf building damage andsr
fatalities caused by natural hazard#t is true, however, that it represents the best collection
of such data in Australia since 1900.

20



A NATURALHAZARD BUILDING LOS PROFILE FOR AUSTRIA: 1900-2015| REPORT NO. 3312017

VIFF 7T TIIIIIIIINININIIII
REFERENCES

Alexander D(1989 Urban landslides Progress in Physical Geography, 15191.
Blong RJ (2003) A new damage indgdatural Hazards30, 123

Blong RJ (2005Natural hazards risk assessment: an Australian perspetsisges in Risk
Science 4Benfield Hazard Research Centre, Londdi® pp.

Bouwer LM, 2011. Have Disaster Losses Increased Due To Anthropogenic Climate Change?
Bulletin of the Amedan Meteorological Societ92 3946.

BTE(2001)Economic costs of natural disasters in Austrdiareau of Transport Economics,
Canberra, Australia. 170 pp.

Coates L, Blong RJ and Siciliano F (1998htning fatalities in Australia, 1824991 Natural
Hazards8, 2172233.

Coates L (1996An overview of fatalities from some natural hazards. Proceedings$ 2 6 & q
Conference on Natural Disaster ReductigtL Heathcote, C Cuttler andKoetz (Eds.)]

Institution of Engineers Australia, 29 Septemb& Octobe 19%, Surfers Paradise,

Queensland pp. 4954.

Coates L (1999Flood fatalities in Australial7881996.Australian GeographeB((3), 391

408.

#1 AOAO ,h (AUTAO +!'h /8" OEAT *h Explorihgdl67AU +* AT/
years ofvulnerability: An examination of extreme heat events in Australia 18241Q

Environmental Science and Polidg, 3344. DOI: 10.1016/j.envsci.2014.05.003.

Coates L, Haynes,® AAEl OA $h $ GvardAnHoreh R, GissE)AD16YAN
analysis bhuman fatalities from cyclones, earthquakes and severe storms in AustRajzort

prepared by Risk Frontiers for the Bushfir@ Natural Hazard Cooperative Research Centre
pp.69.

Crompton RP and McAneney KJ (200Rprmalised Australian insured losses from
meteorological hazards: 1962006 Environ Science & Policdyl (5), 37378.

Crompton RP, McAneney KJ, Chen K, Pielke Jr RA and Haynes KA (2010) Influence of
location, population, and climate on building damage drfatalities due to Australian
bushfire: 1928009, Weather, Climate and Socie®; 300-310.

Dimer de Oliveira F (2@LCan we trust earthquake cluster detection tes®&eophysical
Research Letter$01:10.1029/2012GL052130

Haynes KACoatesL, Leigh RHandmerJ, Whittaker J, Gissing A, McAneney KJ and Opper S
(2009) “Sheltern-place' vs. evacuation in flash flood&€nvironmental Hazard8, 29%303.

Haynes KA, Handmer J, McAneney KJ, Tibbits A and Coates L (2addalian bushfire
fataliies 190020084, %@Hi 1T OET ¢ OOAT A0 ET OAI AGEIT O OEA
A A Ol UG@Enwdnmdatal Science and Polit3), 185194.

IPCC2012Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation. A Special Report of Working Groups | and Il of the Intergovernmental Panel on

21



A NATURALHAZARD BUILDING LOS PROFILE FOR AUSTRIA: 1900-2015| REPORT NO. 3312017

VIFF 7T TIIIIIIIINININIIII

Climate Changiield CB, Barros V, Stocker TF, Qin D, Dokken DJ, Ebi KL, Mastrandrea MD,
Mach KJ, Plattner GK, Allen SK, Tignor M, Midgley PM, (eds.)]. Cambridge Universitg,Pres
Cambridge, UK, and New York, NY, USA, 582 pp.

IPCC2014Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental PanelroClimate Chand€ield CB, Barros VR, Dokken DJ, Mach KJ,
Mastrandrea MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova RC, Girma B, Kissel ES,
Levy AN, MacCracken S, Mastrandrea PR, White LL, (eds.)]. Cambridge University Press,
Cambridge, United Kigdom and New York, NY, USA, 1132 pp.

Insurance Council of Australia Ltd: 2016, ICA Catastrophe Database.-B@gent Day.
https://docs.google.com/spreadsheets/d/1vOVUKIM2RR_XU1hR6dbGMT7QFj4I0BGE_JAg4
c9mces/edit#gid=2147027033 Accessed 31/10/2016

Leicester B4, and Reardon GEL97§ A statistical analysis of the structural damage by
Cyclone TragyAnnual Conference Institution of Engineers, Australia, Townsville, 2427

McAneney J, Chen K, Pitman A (200B)0years of Australian bushfire propertjosses: Is
the risk significant and is it increasingl? Environ. Manageme@0 (8), 2812822.

McAneneyJ, McAneneyD, MusulinR, Walker,G,Crompton R (2016)Government
sponsored natural disaster insurance pools: A view from dowmder, International Jairnal
of Disaster Risk Reductid®, D.

McAneney J, van den Honert R, Yeo, S (203@tionarity of major flood frequencies and
heights on the Ba River, Fiji, over a 3g2ar record J of Climatologyin press).

Pielke Jr. RA and Landsea CW (199®)rmalized hurricane damages in the United States:
192%95, Weather Forecast.13 (3), 6631

Productivity Commissior(2014 Natural Disaster Funding Arrangementisquiry ReportNo.
74, Canberra. JEL code: H77, H84.

Rawlinsons (1999) Australia@onstruction Handbook, Rawhouse Publishing, Perth, 900 pp.

Van den Honert R and McAneney J (20Thg 2011 Brisbane Floods: Causes, Impacts and
Implications. Water 3, 1149173

Vose D (1996) Quantitative Risk Analysis: a guide to Monte Carlo simulatiodetiog, John
Wiley & Sons, New York, pp328.

22






