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Abstract. Australia is vulnerable to the impacts of tsunamis 1 Introduction

and exposure along the SE coast of New South Wales is es-

pecially high. Significantly, this is the same area reportedThe 2004 Indian Ocean tsunami (2004 10T) was an im-
to have been affected by repeated large magnitude tsunamportant reminder in Australia that tsunami can be devastat-
during the Holocene. Efforts are under way to completeing. Before this disaster few agencies had considered the
probabilistic risk assessments for the region but local gov-threat that tsunamis might represent to Australia. The de-
ernment planners and emergency risk managers need infoployment of a fully operational Australian Tsunami Warn-
mation now about building vulnerability in order to develop ing System (ATWS) finally occurred in mid 2009. However,
appropriate risk management strategies. We use the newlgfforts are still underway to understand and quantify the ha-
revised PTVA-3 Model (Dall’Osso et al., 2009) to assess thezard and vulnerability to tsunami (Bird and Dominey-Howes,
relative vulnerability of buildings to damage from a “worst 2006, 2008; Hall et al., 2008). Once detailed information is
case tsunami” defined by our latest understanding of regionavailable about the hazard, vulnerability and probable maxi-
risk — something never before undertaken in Australia. Wemum loss for events of specific magnitudes, appropriate risk
present selected results from an investigation of building vul-mitigation measures may be developed and decisions about
nerability within the local government area of Manly — an the long-term sustainable development of the coast may be
iconic coastal area of Sydney. We show that a significantnade.

proportion of buildings (in particular, residential structures) For the coast of New South Wales (NSW) in SE Australia
are classified as having “High” and “Very High” Relative (Fig. 1a), tide-gauge records show that historically, only
Vulnerability Index scores. Furthermore, other important small tsunamis have affected the region (Dominey-Howes,
buildings (e.g., schools, nursing homes and transport struc2007). Reported geological evidence however, suggests that
tures) are also vulnerable to damage. Our results have serinegatsunamis many times larger than the 2004 10T may
ous implications for immediate emergency risk managementhave occurred repeatedly during the Holocene (Bryant, 2001,
longer-term land-use zoning and development, and buildingBryant et al., 1992a, b; Young and Bryant, 1992; Nott, 1997,
design and construction standards. Based on the work un2004; Bryant and Nott, 2001; Bryant and Young, 1996;
dertaken here, we recommend further detailed assessment Sfvitzer et al., 2005; Young, et al., 1995, 1996) (Fig. 1a). This
the vulnerability of coastal buildings in at risk areas, devel- geological work has led to the development of what has been
opment of appropriate risk management strategies and a deeferred to as the “Australian Megatsunami Hypothesis” or
tailed program of community engagement to increase overalAMH (Goff et al., 2003). The evidence for the AMH is very
resilience. controversial (Felton and Crook, 2003; Goff and McFadgen,
2003; Goff et al., 2003; Noormets et al., 2004). First, some
of the proposed evidence for megatsunamis has clearly been

Correspondence td¥. Dall'Osso incorrectly interpreted (Dominey-Howes et al., 2006). Se-
BY (filippodallosso@gmail.com) cond, there appears to be a disjunct or miss-match between
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Fig. 1. (a)Broad location of the study region of Sydney, New South Wales (NSW), SE Australia. The hatched oval encompassing the
region north of Sydney south to beyond Batemans Bay is the region reported to have been affected by Holocene megatsunami (Bryant,
2008). NSW =New South Wales, NT = Northern Territory, SA = South Australia, TAS = Tasmania, VIC = Victoria, WA = Western Australia.

(b) Simplified map of the Sydney Harour region with our specific field study area of Manly located NE of the CBD. Highways 1 and 2 are
shown.(c) Detailed GIS map of our study area of Manly. Area of inundation (including relative water depths above land surface) associated
with our tsunami scenario are shown in blue. Principal features are high-lighted and buildings inundated by the tsunami are indicated in
orange.

the historic record of small frequent events and the Holocenat no more than 10 mabove sea level (ma.s.l.). More than
record of large infrequent tsunamis (Dominey-Howes, 2007).20% of these people are over the age of 65 (Opper and Giss-
Last, no independent verification of the sources of thesdng, 2005). Furthermore, within the Sydney region, approxi-
events has been undertaken — a vital component for undemately 400 000 property addresses are located less than 3 km
standing risk (Dawson, 1999). Bryant (2008) however, ad-from the coast and about 200000 are less than 15ma.s.l.
vocates a cosmogenic source for these events although th{€hen and McAneney, 2006). These properties have a com-
hypothesis also remains to be proven. bined value of more than 150billion$ . Given this massive
If the AMH can be independently validated, it has pro- exposure, it is of concern that our understanding of the re-
found implications for the coastal vulnerability of NSW gional tsunami risk remains limited and unverified and that
and government agencies (such as the NSW State Emepo work has been undertaken to assess the vulnerability of
gency Service, NSW SES) are wholly unprepared for suchcoastal buildings.
events. For example, the proposed prehistoric megat- Although it may take some time before probabilistic as-
sunamis occurred in coastal areas of NSW where more thasessments of tsunami return periods and maximum waves
330000 people now live within 1km of the coastline and heights are available for the region, there is still a critical
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need to examine the vulnerability of buildings to tsunamiin- — we assume the main direction of flow of the tsunami
undation. Such assessments will be useful for developing  inundation is perpendicular to the shore;

risk management strategies and for assisting in longer-term o ) ) )
land-use planning. — we are only considering a single wave inundation; and

The aims of this work are to: — we do not include flow velocity or entrainment of debris

1. determine a “credible worst case scenario” for tsunami  nd sedimentin the water.

generation and inundation along the coast of NSW in|; should be noted that we cannot provide any assessment of
the region of Sydney; and probability of occurrence for our scenario.

The selection of the Manly local government authority re-
gion (Fig. 1b and c) as the case study to explore the vulnera-
bility of buildings to the scenario was based on the need for
(1) a transparent, inclusive process of consultation with local
government authorities (LGA's) about the nature and purpose
of the study, (2) a region where the building density at the
This is the first time that the vulnerability of buildings to coastis high, and (3) a place of regional socio-economic im-
damage from tsunamis has ever been investigated in AusPortance (Dall’'Osso and Dominey-Howes, 2009).
tralia.

2. to use the revised PTVA model (reported by Dall'Osso
et al., 2009) to determine a “Relative Vulnerability In-
dex” score for each building located within the expected
tsunami inundation zone and display the vulnerability in
a series of thematic maps at a scale of 1:5000.

3 Method

2 Development of a credible worst case scenario and
selection of case study area for building vulnerability
assessment

We use the recently revised Papathoma Tsunami Vulnera-
biltiy Assessment Model (PTVA-3) described by Dall'Osso
et al. (2009) to determine a “Relative Vulnerability Index”

It has recently been suggested that submarine slides dowfRV!) score for every building in Manly struck by tsunami
the NSW continental shelf would trigger large, locally dam- ro_od-water during the inundation d_escrlbed in the scenario
aging tsunamis (Glenn, 2008). New data demonstrate thatr19- 1¢)- The RVl is calculated using the PTVA-3 Model

the continental slope has experienced widespread sedimeff'd t@kes account of potential damage to the building struc-

failure through time. Swath bathymetry has revealed the griure and to those parts of the building exposed to contact with

chitecture of slope failures and the slip-plane geometry of aVater. Specifically, the model considers: (a) the physical

number of submarine mass failure sites including the Bullicharacteristics of each building that are known to be asso-
(~20kn?), Shovel 7.97 kn#), Birubi (~2.3 kn?) and Ya- ciated with the degree of damage sustained by buildings to
caaba £0.24 k) slides (Glenn et al., 2008). These slides t;unamis (e.g. number of storigs, building matgrial, founda-
could have generated moderate to large local tsunamis floodions; ground floor hydrodynamics, movable objects etc.); (b)

ing to significant heights above sea level (if they occurregthe degree of protection provided to each building by natural
rapidly as single failure events). and artificial barriers; and (c) the flow depth expected to af-

Since a probabilistic tsunami hazard assessment has ndgct each building. Readers interested in further details about

yet been completed for the coast of NSW, we cannot use éhe PTVA-3 Model and the calculation of the RVI should re-

probabilistic scenario as the boundary condition for our anal€' t0 Dall'Osso et al. (2009).
ysis. In the absence of a probabilistic scenario (event) and in N order to build the GIS database and run the PTVA-3
view of the work of Glenn et al. (2008), we determine the MOdel, the following data sets were acquired:

credible worst case scenario (for this study) as follows: _ a geo-referenced and ortho-rectified aerial image of

Manly that is used as the geographical base of the study.
The aerial image was useful when it was necessary to

— the slide occurs without an earthquake trigger (i.e., no ~ manually digitize building vector files and for obtain-

— a submarine sediment slide occurs off-shore of Sydney;

natural warning sign); ing specific building features needed by the model (e.g.,
shape and orientation of the building footprint, build-
— a tsunami arrives at shore within 10-15min of its gen- ing row, the presence of movable objects and protection
eration; provided by natural barriers). This image was provided
by Manly LGA,;

— the tsunami achieves a flood run-up height of +5ma.s.|.
and occurs on top of the maximum astronomical tide — a Digital Elevation Model (DEM) extracted from stereo

along the Sydney coast which is 2 mww.maritime. aerial photos with horizontal resolution of 1m. The
nsw.gov.all Consequently, our flood event achieves a DEM was used to calculate the water depth above the
maximum run-up of +7ma.m.s.l.; ground surface by subtracting the ground elevation from
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the horizontal flood surface at specific grid (building)  — utility (including water, sewerage, gas and electricity);
points. The DEM was also provided by Manly LGA;
— transport;
— a shapefile of polygons representing all the building
— tourism;

footprints. The shapefiles were also provided by Manly
LGA. Building attribute data were then manually en-

tered in to the GIS database for each building file; and recreation and culture;

commercial; and

— attribute data for each building. The data included both
building and urban environment data (e.g., seawalls,
etc.). These datasets were not available from Manly
LGA and so we undertook field surveys to collect these Using the PTVA-3 Model method to assess the relative
data building-by-building. vulnerability (RVI) of the buildings to tsunami damage, we

present results as a series of thematic maps associated with

The data provided by Manly LGA was entered into each building class (e local government buildings), in
a GIS database, and categorised according their specifi¢ 9 9. 9 9s).

formats and thematic values (Fig. 1c). TopographlcalWhICh the RV score of egch building is q!splayed using a
PR . colour code associated with that vulnerability level.
data were converted from a “.txt” format into a polygon . :
. ; . Due to the low elevation of most of Manly, it can be
shapefile. The marine flood-water depth for our scenario

; . : .__'seen from Fig. 1c that in our scenario, the tsunami would
given by the 5m tsunami (plus 2 m maximum astronomical : . )

L . flood right across the isthmus from the ocean side of Manly
tide=7ma.m.s.l.) were projected onto the whole study are

(Fig. 1c). The buildings shapefile was modified in order to be%t/‘gifggéoo Manly Wharf on the Harbour side. The tsunami
used in the vulnerability model. A total of 1141 individual . 9 any
goon (in the northern part of the study area) to a significant

building footprints were manually extracted (Fig. 1c). . . . . o . i i
We ground-truthed (cross-checked) the building shapeﬁlesd'Stance inland, inundating buildings in low-lying areas ad

created for Manly with those actually present on the groundlacent to the lagoon.

and collected data for the attributes of the model detailed in nlc;]a?;(; Z(r:fjn: ;g;ﬁgf Tf%'?nﬁﬁgﬁ;fuﬁg?nhz ??S;%Z?tég
Dall'Osso et al. (2009). The area covered by the expecte gs P

o ) . : ; hat were under construction at the time this study was un-
tsunami in Manly is large so we divided the entire area in to . .
dertaken) would be affected by tsunami flood-water. This
18 smaller more manageable areas.

For each of these areas, we printed a map with individualrepresems total exposure. Since this is an area too large to be

building shapefiles and a standardised table for recording as?as'ly displayed on a single map, we have artificially divided

sociated building attribute data in order to cross check thez;j r(lfitud%/)arliaolgrtgtzc:jur a’;gifup;ng Sggé?ggzss(frfgizld?
buildings present within the building shapefile (Dall'Osso 9. £)- Y. v

and Dominey-Howes, 2009). Where the CorreSIOOndenCferent maps of building vulnerability across these four sub-
b e - . %Iocks (one map for each of the 9building classes in every
etween the aerial image and field observations was poorblock plus 4 overview maps). This is far too much data to
building shapefiles were manually corrected using the CroS%e résented here. Instead We resent selected results from
checked field data. The data collected during the field Sur_BlngS 2 and 3 W'e choose’thes?a w0 sub-blocks since the
veys was then entered into the attribute table of the corre:?lre markedl d.ifferent in that Block 2 is dominated by resi- y
sponding building shapefile in the GIS. Finally, the RVI score ential buildiyn < whereas Block 3 is dominated b co);nmer-
for each building was calculated using the format describead. 9 y

X . cial buildings. Between these two sub-blocks however, they
by DalfOsso et al. (2009) and appropriate maps generated. account for 1094 (or 95.88%) of the total building inventory

of the study area. Lastly, rather than displaying maps for all
4 Results nine building classes for each sub-block, we only show se-
lected maps that in our opinion are particularly interesting in
Different stakeholders will inevitably choose to explore the terms of the story they tell about building vulnerability.
vulnerability of different types or classes of buildings de-
pending on their own interests or responsibilities. Within the4.1 Block 2
Manly LGA, we examined more than 1100 buildings of dif-
ferent uses. However, in organising our results, we classified e area of Block 2 inundated in our scenario is shown in

residential.

the buildings into the following nine building categories: Fig. 3. This is a large area bound to the north by the entrance
to Manly Lagoon and to the east by the ocean. The depth
— local government; of flood-water over the land surface is highest along the nar-

row coastal beach strip to the east of Block 2 and towards
the northwest adjacent to Manly Lagoon, where it reaches
— education; 7ma.m.s.l.

— health and medical services;
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Fig. 3. Tsunami inundation and water depth in Block 2, Manly. The expected water depth at, and the RVI scores of, every building located
within the inundation zone are shown.

www.nat-hazards-earth-syst-sci.net/9/2015/2009/ Nat. Hazards Earth Syst. Sci., 20282009



2020 F. Dall'Osso et al.: Assessing the vulnerability of buildings to tsunami in Sydney

Governement
Relative Vulnerability Index

Fig. 4. The spatial distribution and calculated RVI scores of all local government buildings within the tsunami inundation zone of Block 2,
Manly.

A large number of buildings of all types would be affected of “average” or ‘lower’. The education buildings are mostly
by the tsunami. This represents the total exposure to potentiatlustered together in the northeast of Block 2 and have a mix
damage during the hypothetical tsunami. Figure 3 display=f vulnerability but one has a “High” RVI score (Fig. 6). The
the expected water depth at, and the calculated RVI scorespatial distribution and calculated RVI scores of the large
of, each building located within the inundation zone. A sig- number of residential buildings are displayed in Fig. 7. As an
nificant number of buildings are classified as having “High” interesting observation, the majority of residential buildings
and “Very High” RVI scores and most of these are located inlocated in the seaward sections of the study area are actu-
the central and northwestern sectors. ally classified as having “Average”, “Low” and “Very Low”

Only a small number of buildings are associated with theRVI scores even though they are closer to the sea. Residen-
utility, transport, recreation and culture, tourism and com-tial buildings classified as having “High” and “Very High”
mercial classes and broadly speaking, they do not have anRVI scores are mostly clustered to the west and northwest
“Very High” or “High” RVI scores. Consequently, we do not of Block 2. This is due to two main reasons: (1) most of
provide separate maps for these buildings. However, we ddhe structures next to the beach are new well constructed
present the RVI scores for local government, health and medbuildings with characteristics that will reduce damage from
ical services, education and residential buildings and thesésunamis; and (2) the calculated flow depth of water above
are shown in Figs. 4, 5, 6, and 7, respectively. the ground surface will actually be higher in the areas next to

Figure 4 shows that just five buildings are the responsibil-the lagoon.
ity of the local government bull of them have been clas-
sified as having “High” and “Very High” RVI scores. Two 4.2 Block3
with RVI scores of “Very High” are actually surf life saving
club buildings. Figure 5 shows the calculation of the RVI This sub-block (Fig. 2) is centered about the administrative
scores and the spatial distribution for the health and mediand commercial heart of Manly LGA. The area of Block 3
cal services sector buildings. One building which is in fact inundated by the tsunami in our scenario is shown in Fig. 8.
a nursing home for elderly people, is classified as having &Please note that Blocks 2 and 3 overlap. Readers must be
“Very High” RVI score whereas the others have RVI scores careful not to double count individual buildings shown in

both Blocks 2 and 3.
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Fig. 5. The spatial distribution and calculated RVI scores of all health and medical services buildings within the tsunami inundation zone of
Block 2, Manly.
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Fig. 6. The spatial distribution and calculated RVI scores of all education buildings within the tsunami inundation zone of Block 2, Manly.
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Fig. 8. Tsunami inundation and water depth in Block 3, Manly. The RVI scores of every building located within the inundation zone are
indicated.
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Governement
Relative Vulnerability Index

Fig. 9. The spatial distribution and calculated RVI scores of all local government buildings within the tsunami inundation zone of Block 3,
Manly.

Examination of Fig. 8 indicates that the entire low-lying 4.3 Total building vulnerability
commercial heart of Manly centered around “The Corso”,
would be completely submerged by flood-water. A signifi-
cant number of buildings of all types would be affected by

Since we have been highly selective in terms of the maps
of building vulnerability we have chosen to display, to assist

flood-water. Figure 8 displays the calculated RVI scores forre_ade_rs with understanding th(_a qbsolute number of buil_d ings
these buildings. There are no significant issues associate‘(’fIth different RVI scores by building class, Table 1 provides

with buildings belonging to the health and medical services,ﬁls?mmary fo'r tlhe v(\j/hole'(;)f I\:I'arlyt. It ls cleahr fror?hTart]).lehl "
education, utility, tourism, recreation and culture, commer- at commercial and resiaential structures have the nighes

cial or residential building classes. Consequently, we doabsolute number of buildings assessed as having *High” and

not present vulnerability maps for these buildings. However, Very High” RV scores.
there are interesting results for buildings belonging to the lo- Discussion and conclusions
cal government and transport building classes and as sucl’?, u u

we present _the following results for these building types N Assessing the vulnerability of buildings to potential tsunami
Blo<_:k 3in Figs. 9 and 10, r.espectlvely. . damage is a vital necessity for developing appropriate risk
Figure 9 shows that whilst the majority of local govern- \nagement strategies. It is however, a complicated pro-
me“nt bU|Id|rJgs have been assessed as havmg an RVI scolg,ss ~Before undertaking systematic assessments along the
of “Average” or lower, one — the Manly Life Surf Club, at coast of NSW, it would be appropriate to determine the
the S(?‘uthern .encj of Manly Beach has been assessed as hayz, oropability that damaging tsunami might occur and to
Ing a “Very H!gh RV.I score. Within Block 3, only a small identify their probable sources. Work is underway to inde-
number of buildings is related to the transport services SeCtobendently verify the “Australian Megatsunami Hypothesis”
(Fig. 10). The only problem_atic buiIdir)g structure i§ Manly (AMH) since this is central to the emergency risk manage-
Wharf that has been classified as having a *Very High” RVI p,0 approaches that might need to be implemented. At the
score. present time, it is not possible to state whether the AMH is
true or not. Further, probabilistic assessments of risk are ur-
gently required.
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Fig. 10. The spatial distribution and calculated RVI scores of all transport buildings within the tsunami inundation zone of Block 3, Manly.

Table 1. Summary of the total number of buildings by building class and the number of buildings according to their Relative Vulnerability
Index (RVI) scores in Manly. Please note that each building may have more than one use and as such, the apparent total number of buildings
listed in Table 1 is greater than the actual number of buildings physically located on the ground.

Manly (Blocks 1-4) Relative Vulnerability Index (RVI) Scores
Building type Number of  Buildings with  Buildings with  Buildings with  Buildings with  Buildings with
buildings “Very Low” “Low” “Average” “High” “Very High”
RVI RVI RVI RVI RVI
Local Government 23 4 9 3 1 6
Health and Medical 19 10 5 3 0 1
Education 19 7 5 6 1 0
Recreation and Culture 22 5 7 5 2 3
Utilities 12 2 0 2 4 4
Transport 5 2 0 1 0 2
Tourism 24 11 10 1 2 0
Commercial 217 113 66 21 7 10
Residential 865 218 295 193 119 40
Vacant and being redeveloped 8 - - - - -

In the absence of a probabilistic event that we might use agssumed that suspended sediment and debris are evenly dis-
the baseline for our study, adoption of our scenario is entirelytributed within the water flow, but they could concentrate in
reasonable and is in fact, based on the best available evidenckfferent locations causing heavier damages to specific build-
of likely regional sources (Glenn et al., 2008). If anything, ings. Lastly, future sea level rise will increase the degree of
our scenario is on the conservative side of what might be exsisk for buildings located within our study area. We suggest
pected. For example, we model only a single wave inundatthat future modelling should try and incorporate these factors
ing Manly. In reality, several waves would flood the area. Weto increase confidence in the final vulnerability of structures.
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We were greatly aided in our work by the provision of GIS
data layers from Manly LGA. In reality though, we found
many errors with the data contained within the files (which is
no fault of the government authorities). Consequently, time
and effort was required to cross check and correct these ba-
sic data files. Any future use of the PTVA-3 Model will

also need to ensure that the base data used for assessments . . . o i
— with regard to the residential buildings located in

of building data are as reliable as possible in order to ensure
vulnerability assessments are accurate and decisions made on
those assessments are appropriate.

The vulnerability of Manly (that is, the potential for dam-
age and loss) associated with the tsunami in our scenario is
very large. The total surface area covered by flood-water is
significant and a large number of buildings (1141) would be
inundated. Water flow depth above ground surface in some
areas would be as great as 7 m. In such a situation, it is very
difficult to imagine how any building would be left without
any damage. As mentioned in Sect. 4, we have only included
a small number of vulnerability maps by building class in this
paper. Interested readers may find the entire study results in
Dall'Osso and Dominey-Howes (2009).

Notwithstanding the limited data presented here, the fol-
lowing important observations are made:

— most buildings within our study area (Blocks 2 and
3) belong to the commercial and residential building
classes;

— Table 1 indicates that the largest number of buildings
classified as having “High” and “Very High” RVI scores
are in fact residential followed by commercial,

— whilst only relatively small numbers of individual build-
ings are associated with the local government, health
and medical services, education, recreation and cul-
ture, utilities, transport and tourism sectors, in some
cases (such as in Block 2, see Fig. 4, and Block 3, see
Fig. 9) significant proportions of those buildings (e.g.,
those that are the responsibility of the local government)
are classified as having “High” and “Very High” RVI
scores. We consider this as particularly problematic be-
cause in most cases, those local government buildings
with “High” and “Very High” RVI scores are also Surf
Life Saving Club houses. Surf Life Savers are first re-
sponders for emergency cases on beaches and nearby
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the identification of ‘significant’ buildings (e.g., schools
and nursing homes) as having “High” and “Very High”
RVI scores is worrying and again, it is likely that rel-
evant stakeholders might wish to consider how they
might address the vulnerability of these buildings to
likely damage;

Block 2, Manly (Fig. 7), it is apparent that most struc-
tures closer to the sea are in fact assessed as having
“lower” RVI scores than those further inland. Though
this is counter intuitive, it is because houses built closer
to the coast are much newer than those located inland
and have been built to newer, higher standards. Further,
the depth of the tsunami flood water above the ground
surface is less at the shoreline and greater closer to the
lagoon;

we acknowledge that large numbers of those residen-
tial buildings classified with “High” and “Very High”
RVI scores will be privately owned and the responsibil-
ity to address such vulnerability will lie with the indi-
vidual home owners. However, the emergency services
may well be interested to knowing more about the de-
mographic characteristics and any special needs of the
occupants of vulnerable houses;

some of the residential buildings with “High” and “Very
High” RVI scores will actually be “publically” owned
and managed. Those structures will be under the re-
sponsibility of local government or housing charities,
who should explore the implications of the vulnerability
assessment to the security of their tenants; and finally

the Manly Wharf transport structure (see Fig. 8) has
been classified as having a “Very High” RVI score.
Given than more than 8 million day tripper visitors per
year visit Manly via the ferries that dock at this wharf
and many more local people use the ferry service to get
to and from the city (and that the wharf houses many pri-
vate businesses), we feel that addressing the vulnerabil-
ity of this structure ought to be a priority for the relevant
authorities. Lastly, the car park located below ground
level at the wharf would be completely inundated, wors-
ening the damage level to the Manly transport system.

water, and damage to their structures might severely In conclusion, this is the first time that an assessment
affect the capacity of the Life Savers to respond. Toof the vulnerability of buildings to damage from a “credi-
varying degrees, Council is either directly responsi- ble worst case tsunami” haser been undertaken in Aus-
ble for the upkeep and condition of these buildings, tralia. We have used the recently revised PTVA-3 Model
or has a strong interest in those buildings being well presented by Dall’Osso et al. (2009) to explore the spatial
maintained (e.g., of medical and health service, util- distribution and number of buildings of varying vulnerabil-

ity or transport buildings). Therefore Council will ei-

ity in the iconic Sydney coastal region of Manly. Whilst this

ther need to directly examine how those structures carpaper only presents selected results, it is clear that a signif-
be modified to reduce their vulnerability or work with icant proportion of buildings (in particular, residential struc-
the relevant owners of those buildings to improve their tures) are classified as having “High” and “Very High” Rela-

structural resilience;

www.nat-hazards-earth-syst-sci.net/9/2015/2009/

tive Vulnerability Index scores. Furthermore, other important
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buildings (e.g., schools, nursing homes and transport sectdball’Osso, F., Gonella, M., Gabbianelli, G., Withycombe, G., and
structures) are also vulnerable to damage. Our results have Dominey-Howes, D.: A revised (PTVA) model for assessing the
potentially serious implications for immediate risk manage- Vulnerability of buildings to tsunami damage, Nat. Hazards Earth
ment and emergency management and longer-term land-use Syst. Sci., 9, 1557-1565, 2009,

zoning and development and building design and construc-httP://www.nat-hazards-earth-syst-sci.net/9/1557/2009/
tion standards. Dawson, A.: Linking tsunami deposits, submarine slides and off-

Based on the work undertaken here, we recommend: (a) shore earthquakes, Quatern. Int., 60(1), 119-126, 1999.

. . . ! . ) Bominey-Howes, D.: Geological and historical records of Aus-
further detailed analysis of building vulnerability, to be un- i~ tcinami. Mar. Geol. 239. 99-123. 2007.
dertaken when a probabilistic tsunami hazard assessment afghminey-Howes, D., Humphreys, G., and Hesse, P.: Tsunami and
inundation models will be available for the region; (b) the  palaeotsunami depositional signatures and their potential value in
development of appropriate risk management strategies, con- understanding the late-Holocene tsunami record, The Holocene,
sidering measures to reduce building vulnerability and possi- 16(8), 1095-1107, 2006.
ble evacuation routes; and (c) a detailed program of commu¥elton, A. and Crook, K.: Evaluating the impacts of huge waves on

nity engagement to increase overall resilience at Manly. rocky shorelines: an essay review of the book “Tsunami — the
underrated hazard”, Mar. Geol., 197, 1-12, 2003.
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