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ABSTRACT: Christchurch and Washington DC provide recent exesnpf a hazard and
risk to earthquakes much higher than any envisagethquake previously. It was not
necessarily a lack of preparedness or researdtesetlocations, but the short earthquake
catalogue history in these locations that provilitteé clues as to the impending threat.
There was also lack of planning for “tail-end risk”an unknown distribution and the fact
that such developed nations failed to take a hi¢detor of safety into account by simply
accepting the “475-year earthquake hazard mage&idential construction and not daring
to push the boundaries higher.

In this paper, a stochastic earthquake risk asssgssiundertaken for Australia looking
at lessons from scenarios near our capital cifies.hazard analysis (Schéfer, Daniell and
Wenzel, this conference) is combined with an exposand vulnerability analysis and
socioeconomic impact functions in order to presesges and impacts for a first order view
of Australian Risk.

It is hoped this analysis will fuel discussions é@mbined solutions for future earthquake
design in Australia to look at combining existirgpg-term probabilistic seismic hazard
assessments with scenario analysis and even “blaak scenarios”.

1 INTRODUCTION

Christchurch and Washington DC provide recent exesnpf hazard and risk of earthquakes much
higher than any envisaged earthquake previouslwak not necessarily a lack of preparedness or
research in these locations, but the short earkegcatalogue history that provided little cluesathe
impending doom. There was also lack of planningtaf-end risk” in an unknown distribution and the
fact that such developed nations failed to takigher factor of safety into account by simply adosp

the “475-year earthquake hazard map” for resideciastruction and not daring to push the boundarie
higher.

Many attempts have been undertaken to identifgémmic risk in Australia over certain locationgjw
key efforts coming through EQRM and the work of &&ence Australia (Edwards et al., 2004) as well
as through Risk Frontiers and their QuakeAUS madethe production of hazard, exposure and
vulnerability models.

Given the short earthquake catalogue, damage detzs &om a limited number of earthquakes, with
many lessons and extrapolations needed from aitiedytical modelling or observations from overseas
in order to fill in the earthquake damage recordofmential analyses. It was decided that to supeie

the earthquake hazard work of Schéafer and Dar2él14), risk calculations would be made for the
stochastic earthquake catalogues. Fulford et @8DZpPprovide an early view of risk outputs from the
Geoscience Australia EQRM model (Robinson et #&052, incorporating user workshop data on
vulnerability functions, to change a version of HAZ for Australian conditions.

Numerous lessons have been learnt through Christichas to the potential impacts of very large
damaging earthquakes on URM (Unreinforced Masomijdimgs) (Moon et al., 2014; Ingham and
Griffith, 2011) and low code RC buildings such &slauilt in Australia. The sister city of Christeiab

is Adelaide, which has an extremely high URM arghtlitimber Brick Veneer building typology
percentage as defined by NEXIS (National Exposui@rination System). This model is an attempt to
build a rapid, robust metric model exploring thettheof risk data that can be collected from an revetie
perspective; and to provide a tool for discussintesusable risk metrics and assumptions for Aliatma
earthquake modelling.
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2 HAZARD MODELLING

A short summary of the parameters used in the Haradelling will now be made. For further details,
the adjoining paper in this conference (Schafel.e2015) contains the hazard modelling assumsgtion
in the robust model.

Hazard Components used in the model
Historical Data Used Geoscience Australia, McCue (2013 & 2014)
Completeness Periods| automated per seismic source and pixel
E\(lj%cluste?; d& ng;;ents 24034 (total), 11838 (declustered)
Seismic Source
zonation method

Fuzzy Domains

USGS Vs30, 1/3 weighting within GMPE (ground matig@rediction
equation) selection

(Atkinson & Boore, 2006), (Lin & Lee, 2008), (Alleg012), (Somerville g
al., 2009)

spatial uncertainty / seismic migration (large sthang kernel), incomplet
data record (deterministic scenarios), seismic®unechanism / b-value

Site effects

—F

GMPESs used

D

Uncertainty accounted

for (fuzzy logic)
PGA-MMI Atkinson and Kaka (2007) with checks of Bilal et @013), Tselentis and
relationships Danciu (200&via Greenhalg et al. (1989) as per Daniell (20.

Figure 1: Stochastic earthquake catalogue for 100,9ears from the 500,000 years.

3 EXPOSURE MODELLING

The exposure modelling was a 2 step process. THdSHatabase (Nadimpalli et al., 2007) provides
a great census of data on wall materials, roof nas$e storey heights and cost data. This was freed
SAl level data. In addition, mesh block data fquydation and number of dwellings are able to bentbu
on a mesh block level (ca. 300,000 units in Auityand thus downscaling techniques used in oader t
evaluate the losses at each point. Unfortunatslyeg footprint data through OSM is unavailable fo
all cities.

Population adjustments were made using growth srématalculate the June 2015 population in each
location in order to adapt the 2011 population dataday’s terms. A dwelling-weighted analysis was
made in addition.



The costing of dwellings vs. non-dwelling constroctwas examined in terms of the same methodology
as used in the LAC (Latin-American and Caribbe&k) profiles of the World Bank where gross capital
stock (replacement costs) are calculated in cotipmevith bottom up replacement costs (per m2) as
examined through the work of NEXIS. In this casifierence of more than 70% exists. The net capital
stock (actual value of all dwellings, including ¢ents) is calculated at ca.$1.7 trillion AUD (Auwsdtan
dollars). When taking the Perpetual Inventory Methato account, a value of ca. $2.9 trillion AUD,
including fixed contents, is calculated. Takingoiiccount demand surge and non-fixed contents and
service lives, this can be as high as $3.6 trilAdsD.

Figure 2: Left: Gross capital stock estimates alggkated using ABS (Australian Bureau of Statigt{@914) and
Daniell (2014); Right: Gross Capital stock per na@hd area in SE Australia.

By comparison, a value of over $4.5 trillion is simoin NEXIS for a combination of dwellings and
contents. There is the possibility that the classtiion of certain buildings as dwellings vs. connoie
buildings accounts for some of this differencethis case, however, the resolution between theegalu
is a reduction by 18% of the values in NEXIS. FamMwelling construction, a reduction of 3% is
made for commercial and no change for industrisdmimaking the same adjustments. The total values
of gross capital stock in non-dwelling constructioolude road value, port infrastructure, agricrdtu
and many other components that are not accountad @ther studies. The resolution of the top-down
and bottom-up solutions is often a good tool f@oteing costs of assets (Gunasekara et al., 2865).
billion in all other assets are calculated in Aalérin terms of gross capital stock. Of thesel $filion

are deemed to be at similar risk to the existifigastructure in case of earthquake (removing wegpon
research stocks etc.). A split as in HAZUS and EQ&¥Mo structural and non-structural (acceleration
sensitive and drift sensitive) is undertaken.

4 VULNERABILITY MODELLING

In terms of vulnerability modelling for Australidouilding stock there is much effort that has been
undertaken in the past into examining loss me(gckvards, 2004). A review of papers from the AEES
over the last 25 years, in addition to other exdepapers, was undertaken. Over 45 functions were
found for various typologies from different everfthe results for some of the URM functions are stow
below.

The non-structural acceleration sensitive portinnAustralian building typologies provides much
damage, as seen in recent earthquakes such a®tharid Kalgoorlie events; and this requires that th
damage ratios around and before yielding of thecsire are taken into account. Calibration was
undertaken in this study in order to take this extoount. The original EQRM functions were origipal
very high, and provided an overestimation of ldgdsigh intensities when compared to historical éven
such as 1989 Newcastle.

The problem with a lack of damage data inside Adlistabove intensity VII or of ground motions above
PGA (peak ground acceleration) of 0.1g means tfiatmation from other countries is required in arde
to examine the potential loss effects. In this eespupper bounds through Christchurch and othehr su
events reaching above intensity VIII provide invaile evidence and data for potential future events.



Figure 3: Brick/URM buildings showing the damagéoas. intensity from mainly Australian functions

The capacity spectrum method was used to reprdductions in terms of pre-code and low-code. A
conversion from PGA to MMI (Modified Mercalli Inteity) was then used for calibration. An
adjustment based on Atkinson and Kaka (2007), aset &f calibrated functions using the European
Macroseismic method (Giovinazzi, 2005), via equatime mechanical outputs to intensity adjustments
in terms of the loss functions, was used. Thisnald for comparable metrics to be analysed compared
to empirical data. As with any vulnerability quditttion, uncertainties include the spectral resgon
used, uncertainty in the damage data around aircertdue (beta distribution used) as well as
extrapolation of empirical losses above certaiuesl In addition, the seismic quality of the burtgli
stock was only given a basic change based on th@3®N&ge factor (pre-1980 vs. post-1980 stock). For
the mechanical method, calibration was undertak@mder to check the assumptions of “Pre-code” and
“Low code”.

Figure 4: Left: MDR of the vulnerability functiomsed in the study for the 37 typologies. RightoAparison of
URM and timber building loss vulnerability funct®mused in the study, with the empirical loss datanf
Newcastle.

Along the same lines as Ryu et al. (2013), it wasfl that the existing EQRM functions had much
higher estimates, and thus European and US (HAZf®)ogies were adapted to fit the model data.
For unknown vulnerability functions (with no dat#)e same estimated parameters of code influence,
ductility and additional system response were kepistant from the fitted system in order to create
reasonable set of functions for Australian condiioFor casualty functions, three methods were
considered for vulnerability functions: HAZUS-orted casualty functions which were based on quasi-



historical/expert functions; semi-empirical/anatgli casualty functions based on the work of Jaigtval
al. (2014) for different typologies; and the socimeomic fragility functions of Daniell (2014). Ftre
analysis below, the empirical methodology was deedrin Daniell and Wenzel (2014) last year: the
coefficients of 11.5 and 0.14 were used in additmiDI (Human Development Index) and time-of-
day calibration for the analysis, however any @ieotoptions would also be reasonable.

5 RISK MODELLING

Australia has a very distributed earthquake lossoimparison to other countries, given the arehef t
country and the distributed nature of major citizs.a recent study of Central American nations,
PML250 (Probable Maximum Loss event at a 250 yeturn period) values of around 12% of capital
stock are quite common (Gunasekara et al., 200 Bustralia, lower seismicity (yet high vulneratyi)i
and the distributed nature give a PML250 aroun8%.2structures only). However, given the value of
Australian capital stock (total) that can be aféecby earthquake is around $9 trillion AUD, this
economic cost at a 250 year return period is irothder of $20 billion AUD.

Figure 5: The PML curve for Australia (structuresly considered; all stock and tail value at risk/@R))

Around 75% of the AAL (Annual Average Loss) comeasi events below PML1000 across Australia.
In the report of Fulford et al. (2002) in Newcadtiey found that 82% of AAL came from below
PML1000. Significant non-structural damage occugra percentage of non-structural and structural for
smaller events with acceleration sensitive comptmgarticularly at risk.

The TVaR (Tail Value at Risk) represents the avermgpnomic loss given that an event occurs at
over a certain return period. This a useful valreniaking decisions as to tail risk. The T\tafwvas
calculated to be 0.587%, as compared to 0.226%eaBMLoso.

Figure 6: Left: Residential Building Class AALs (); Right: AAL () in each use class/economic class

The AAL for the various typologies is a good waystart examining the most vulnerable features.
Unreinforced masonry buildings (as seen in the Z20dstchurch earthquake) are the most vulnerable
building typology, with a total AAL around 0.14 . This is around 3 times higher than that of thekor
veneer/timber based buildings. These results ang eonsistent with the results of Ryu et al. (2013



where URM was shown from a Mw5.35 event to be R2rfes$ and from a Mw6.5 event 3 times. Age
factors showed slight differences in loss acrodsidas in major cities, with older buildings having
slightly higher loss ratios. Storey height alsoyptha minor role, with mid-rise buildings often ay
slightly higher loss ratios than high or low risgpénding on spectral period adjustments.

The AAL of only structures totals around 429 mitlidUD, with this total being around 0.047. The
calculated life value AAL is 378 million AUD, leatj to interesting implications for casualty inswr@n
due to earthquake. For $2.5 trillion, Walker (206®es an AAL of around $210 million; thus the AAL
is lower than this estimate (perhaps due to thegmtage of new stock, and the additional commercial
and industrial values today). The risk resultssigaificantly higher than that of GAR (2015).

5.1 Where are the hotspots?

Using aggregated PML curves over the greater eigyons and the rest of each state, a view asyto cit
risk can be gained. In this view, only the urbanemare included. It should be noted that deperating
stochastic catalogue, Perth and Adelaide interahasgthe highest risk. Canberra has tRénighest
earthquake risk at long periods as well as in AAleésured in ).

Figure 7: Left: PML curves for capital cities; RiglRAL () for each larger zone

Figure 8: AAL aggregated to SA1 statistical unitshows higher AALs across SW Australia, Adelaldsnant
Creek and parts of SE Australia

5.2 What is the real cost?

Planning for tail-end risk as well as convincindifpmans of long-term risk is a very difficult tksgiven



the shelf life of a politician is around 4 yeard$teD, without major disasters, it is a case of “oiusight,
out of mind”. Bringing techniques such as life dogtinto decision-making for cost-benefit ratios fo
earthquake risk means that retrofitting decisiansuilding developments become financially vialde a
opposed to without life costing. This is explairiedhe adjoining paper of Daniell et al. (2015ajhis
conference, with cost-benefit ratios for countaesl large-scale building changes. A PML1000 event
in Australia has the ability to cause 6500 deathairily due to brittle masonry collapses). The total
structural cost of the event will total around $8ifion; yet only these deaths carry with themfa Gost

of $31 billion (not counting injuries). The strucliretrofits for life safety would therefore haagreat
importance, with the cost being about that of $tmad cost. Taking into account that this life $afeost

is a “deaths only” value, it could be expected thaluding additional injury costs could be far gter

(in Porter (2006) for Northridge, this ratio waoab30 times higher; however, in reality for highath
toll events, the ratio would be more likely 1:1h€eFe exists the need in low seismicity countrieske
this into account.

Indirect costs in the same order as other suchtgwerother countries have caused close to the same
amount as direct costs due to factors such as doerand business interruption. Using Daniell et al.
(2015b), this could be conservatively estimatede@round $40-50 billion in this Australian event.

Figure 9: Left: The PML curve for Australia includj just structural costs; just the value of liferr deadly
events; and the combined loss taking into accotnttural and life values; Right: the annual aveeadeaths
NB: most years have no deaths in each location.

Thus, for the 1000 year event, the real cost ®lyfilat least 350-400% of the original structuradtco
The effects of demand surge (Olsen, 2008) havelm#y slightly brought in to the model with a facto
of 1.1 made for major events repairs. Historicalys is often much higher, where many repairs pccu
in a developed nation in short time periods. Iragngly 61% of life risk is above PML1000 yet only
25% of structural risk, showing the significancenwdjor events on life-based economic risk.

6 CONCLUSION

A stochastic risk assessment has been undertakassiog on Australia and, in particular, the rigk t
major cities. Among the analysis, scenarios hase laéen examined around major cities as part of the
adjoining hazard assessment by Schéfer et al. {2Bilthis conference.

It was found, as expected, that Australia’s risk éarthquakes is not necessarily a function of high
earthquake hazard, but more so URM building typelgA key outcome of this analysis was not
necessarily the AAL (0.047 and PML250 of $20bn value but the fact that libsting should play a
role in decision-making within Australian earthqaanalyses. There is never one solution to futske r
and given the fact that there is very little higtal Australian data, assumptions in every compbnen
(hazard, exposure and vulnerability) contributéntdifferent results.

It is hoped this analysis will fuel discussions @mmbined solutions for future earthquake design in
Australia. Combining existing short-term probaltitisseismic hazard assessments with scenario
analysis as well as cost-benefit analysis (humaoh famancial) would provide governments with
plausible numbers for planning purposes.
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