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Abstract. Australia is at risk from tsunamis and recent work (the As/NZS ISO 3100 Risk Management Standard) requires
has identified the need for models to assess the vulnerabilita probabilistic quantification of the hazard and permits the
of exposed coastal areas — a fundamental element of the riskstimation of frequency, magnitude and return periods for
management process. Outputs of vulnerability assessmemvents of particular magnitudes. From such work, hazard
can be used as a baseline for the generation of tsunami prescenarios can be identified and risk managers use these to ex-
vention and mitigation measures, including evacuation mapsplore the exposure and vulnerability of people and infrastruc-
Having noted that no evacuation maps exist for Manly, Syd-ture to events. Estimates of probable maximum loss (PML)
ney (an area recently subjected to high resolution buildingmay then used to develop a range of risk reduction strategies
vulnerability assessment by Dall'Osso et al., 2009b), we us€Fig. 1).

the results of the analysis by Dall'Osso et al. (2009b) to  Australia is at risk from tsunamis. The 2004 Indian Ocean
“draft” tsunami evacuation maps that could be used by theand 2006 Java tsunamis resulted in flooding in NW West-
local emergency service organisations. We then intervieweérn Australia and the 2007 Solomon, 2009 New Zealand
500 permanent residents of Manly in order to gain a rapidand 2010 Chile tsunamis were all recorded on tide gauges
assessment on their views about the potential usefulness ¢f Australia although there was no significant inundation
the draft evacuation maps we generated. Results of the sutbominey-Howes and Goff, 2010). In New South Wales
vey indicate that residents think the maps are useful and ungNSW) (Fig. 2a), historically, only small tsunamis have oc-
derstandable, and include insights that should be considereglirred (Dominey-Howes, 2007) but geological evidence sug-
by local government planners and emergency risk managegests that megatsunamis larger than the 2004 Indian Ocean
ment specialists during the development of official evacua-event may have occurred repeatedly (Bryant, 2001; Bryant
tion maps (and plans) in the future. et al., 1992a,b; Young and Bryant, 1992; Nott, 1997, 2004;
Bryant and Nott, 2001; Bryant and Young, 1996; Switzer et
al., 2005; Young, et al., 1995, 1996). The possibility exists
that submarine slides off the NSW continental shelf could
trigger large, locally damaging tsunamis and as such, Geo-

Globally, efforts are underway to assess the risk to coastScience Australia has completed surveys of these slide fail-

from tsunamis. Risk assessment such as that detailed iH"eS (Glenn etal., 2008).

the Australian and New Zealand Risk Management Standard The “Australian Megatsunami Hypothesis” or “AMH”
(Goff et al.,, 2003; Goff and Dominey-Howes, 2009;

Dominey-Howes et al., 2006) is controversial (Felton and
Correspondence tcE. Dall'Osso Crook, 2003; Goff and McFadgen, 2003; Goff et al.,
BY (filippodallosso@gmail.com) 2003; Noormets et al., 2004; Dominey-Howes et al., 2006;
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Recognition there
is a problemll! HAZARD ASSESSMENT MODULE
Hazard characteristics - e.g., where, when, how, why,
how big, how often
The source characteristics
Outputs = Probabilistic Assessment

'

EXPOSURE MODULE
What is within the tsunami inundation zone?
People, houses, infrastructure etc
Outputs = Basic summary statistics

VULNERABILITY MODULE
Who / what exactly are vulnerable to
damage and loss?
Outputs = Very detailed and high resolution
data

M
LOSS MODULE
Use of outputs from exposure and
vulnerability modules to estimate PML's
Outputs = Loss estimates ($), people
'l

MITIGATION MODULE
Planning controls, building regulations,
instruments, codes, disaster plans,
evacuation plans etc

Fig. 1. The risk management process: a simplified flow diagram block indicating the main elements.

Dominey-Howes, 2007; Goff and Dominey-Howes, 2009), surveys and building damage assessments. PTVA-1 was
but if validated, it has profound implications for the coastal developed by Papathoma et al. (2003) and Papathoma and
vulnerability of NSW and government agencies (such asDominey-Howes (2003), who identified and ranked a series
the NSW State Emergency Service (NSW SES) — the leadf attributes (engineering and environmental) known to be
combat agency for tsunamis in NSW) are unprepared foresponsible for controlling the type and severity of tsunami
such events (Dominey-Howes, 2007; Dominey-Howes et al.damage to buildings. PTVA-1 required the attributes to be
2006; Dominey-Howes and Goff, 2010). ranked in order of importance — a subjective procedure that
Hall et al. (2008) outlined a useful “step-by-step process”relied heavily on expert judgment.
to assess the tsunami risk to coasts. Step one identifies all A review of the PTVA-1 attributes using post-event data
tsunami sources, estimates frequencies and propagates waviesm the Indian Ocean Tsunami lead to the development of a
from source into shallow coastal water providing a proba-revised version of the model, PTVA-2 (Dominey-Howes and
bilistic wave height for any particular return period. Step two Papathoma, 2007). Dominey-Howes and Papathoma (2007)
utilises inundation modelling to examine exactly how far in- confirmed that many of the PTVA-1 attributes correlated well
land and to what elevation a tsunami might flood. Presentlywith the type and severity of the damage they observed and
in Australia, Geoscience Australia is the lead agency that unPTVA-2 featured changes to the ranking and details of the
dertakes these steps. attributes. PTVA-2 was used to provide estimates of PML
The last step in Hall et al.’s process is to map the “ex-for a Cascadia tsunami impacting Seaside, Oregon, USA
posure” of buildings within the inundation zone and assesgDominey-Howes et al., 2010).
building “vulnerability”. To date, this has not been under-  The attributes within the PTVA Model are considered ap-
taken by any official government agency or emergency serpropriate for use in assessing vulnerability and it is believed
vice in Australia. Such work has however, been undertakeroffers a robust framework to explore building vulnerability

by Dall'Osso et al. (2009a,b). in the absence of fully developed and validated engineering
vulnerability assessment models containing fragility curves.
1.1 Assessment of the vulnerability of buildings Dall'Osso et al. (2009a) improved the PTVA-2 Model by
to tsunami: the PTVA Model introducing a multi-criteria approach to the ranking of the

attributes, thus overcoming concerns about subjective rank-
Dall'Osso et al. (2009a,b) carried out an assessment of théng. In the third version of the model (PTVA-3), contribu-
vulnerability of buildings to tsunami in the Manly Local tions made by separate attributes to the overall vulnerability
Government Authority (LGA) region, Sydney (Fig. 2b,c). of the building were weighted using a new approach based
The method used was the PTVA-3 model. on pair-wise comparisons between attributes — a method typ-
The PTVA is a GIS-based model developed using infor-ically used in multi-criteria analysis and Analytic Hierarchy
mation about tsunami impacts and results from post-tsunamiProcess (Saaty, 1986).

Nat. Hazards Earth Syst. Sci., 10, 17395Q 2010 www.nat-hazards-earth-syst-sci.net/10/1739/2010/



F. Dall'Osso and D. Dominey-Howes: Public assessment of draft tsunami evacuation maps from Sydney 1741

(a) (b) N /

QUEENSLAND

(c)
A_ ¢ ="\ Tweed Heads Manly
(
—1295 2

South Head

dney Harbour

P

CBD'

Bondi Beach

Tasman Sea

NEW SOUTH WALES

_—_

MANLY
‘}“ 640 m
( LEGEND: )
e ‘SHORELINE
INUNDATED BUILDINGS
WATER DEPTH (m amsl):

SYDNEY

/' TAswAN sEA
erds Bay
/

Miles
~
~
~

VICTORIA >

151W 153 W

Fig. 2. (a)Broad location of the study region of Sydney located in New South Wales (NSW) on the SE coast of 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 Harbour region with our specific field study area of Manly located NE of the
CBD. Highways 1 and 2 are show(t) Detailed GIS map of our study area of Manly. Area of inundation (including relative water depths
above land surface) associated with the selected tsunami scenario are shown in blue. Principal features are high-lighted and buildings
inundated by the tsunami are indicated in orange. The green and yellow rectangular frames indicates the position of the vulnerability and
“draft” evacuation maps shown in Figs. 3, 4, 5, and 6.

In Dall’'Osso et al. (2009b), the PTVA-3 was used to un- run-up of +5mabove sea level (ma.s.l.), occurring during a
dertake an assessment of 1100+ individual buildings locategheak of high tide (+2ma.s.l.).
within the expected flood zone associated with a particular
tsunami scenario (Fig. 2c). Selected results of this analysid.2 Moving forward from building vulnerability
are shown in Figs. 3 and 4, which cover the northern and assessments to evacuation maps
the southern parts of Manly respectively (indicated as “map
frames” 1 and 2 in Fig. 2c). These two areas are shown heréndividual building vulnerability assessment can be used to
since that are markedly different in character. develop building codes and regulations, to develop a program
The scenario used by Dall’Osso et al. (2009b) relates toof building retrofitting, to outline land-use zones, and to aid
a tsunami triggered by an underwater sediment slide east dh emergency risk management (NTHMP, 2001). With re-
Sydney. The tsunami would reach the coast somewhere igard to this last option, vulnerability assessments can help to
the range of five to twenty minutes after generation (J. Sexformulate evacuation maps (Schiermeier, 2005a,b).
ton, personal communication, 2009). This is the worse case Evacuation mapping is part of what has in the risk man-
scenario because such an event could occur suddenly withogigement sciences, come to be known #w “last milé
an earthquake trigger that would otherwise initiate an alarm(Taubenlck et al., 2009). The "last mile” refers to that part
warning from the Australian Tsunami Warning System. With of risk management where hazard and risk assessments are
a tsunami arriving at the coast with no official warning, in- translated in to risk reduction actions and more specifically,
sufficient time would exist to fully evacuate low lying areas these are communicated to the public and other stakehold-
close to the shoreline. We assume the inundation achievesers. The “last mile” is difficult to enact effectively. How the

www.nat-hazards-earth-syst-sci.net/10/1739/2010/ Nat. Hazards Earth Syst. Sci., 1Q,76032610
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Fig. 3. Tsunami inundation and water depth in the northern part of Manly (Map Frame n. 1). The RVI scores of every building located within
the inundation zone are indicated.
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Fig. 4. Tsunami inundation and water depth in the southern part of Manly, the Central Business District (Map Frame n. 2). The RVI scores
of every building located within the inundation zone are indicated.
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community responds to risk reduction efforts including evac-an effective warning system .the majority would feel more
uation plans, varies enormously from place to place and forcomfortable knowing that in the event of a disaster an effec-
hazard to hazard. Tsunami evacuation planning has recentliive warning systemificluding evacuation plgnwas at least
been the focus of a number of studies (e.g., Bellotti et al.,in place.

2009; Taubeniick et al., 2009; Post et al., 2009). (Editorial, The Manly Daily, p. 11, 2009)

In an interesting study of significant natural disasters,

Thévenaz and Resodihardjo (2010) identified a series of fac- Further, members of the local community resident in
tors and conditions that hamper effective community emer-Manly LGA who were interviewed about tsunami risk and
gency response during disasters. They classified these fathe current lack of tsunami risk management and evacuation
tors in to groups, but importantly, their focus on “Policy” planning provided responses such as:

(and its associated planning) high-lights the importance of | don't think you could run very far .. .it would be impos-
contingency plans (which we interpret to include evacuationsible to escapgMB)

plans) as a vital element in effecting community response in It does scare me a bit . .(LW)

emergencies. | think it's a real possibility .. .(BC)

Tsunami evacuation maps are used in two ways. First, they ...you can't pretend it's an impossible scenario ... Manly
are used to identify “unsafe” areas or zones from which peo-s situated quite low so | wouldn’t want to be around if and
ple must clear entirely into “safe” zones outside the evac-when it hit.(KD)
uation areas. The second is to identify individual building (Woolley, p. 5, 2009)
structures within the inundation zone that are safe to permit .
“vertical” evacuation when insufficient time exists to enable Henry Wong, General Manager of Manly Council stated:

complete ground-based evacuation of an area (FEMA, 2009). - .the council had.received a_dvice that residgnts in 2500
houses would have five to 20 minutes from the time of a sub-

1.3 Aims of this work marine landslide before the tsunami hit the beach. The coun-
cil had to take warnings seriously.
In light of our introduction, the aims of this study are to: (Sydney Morning Herald, p. 7, 2009)

— construct “draft” evacuation maps that include the . :
identification of safe evacuation zones and safe evacua- _He also stated: .. the blggest chalk_ange would be evacu-
tion buildings (using the inundation scenario and data?Un9 the CBD (central business district) ...

on building vulnerability undertaken by Dall'Osso et (Woolley, p. 5, 2009)

al., 2009); and _ . .
It is clear therefore, that there is a need for tsunami evacu-

— to recruit 500 permanent residents and ask them taation plans. Whilst we have stated our aims, we need to make
evaluate the potential usefulness of the “draft” evacua-it clear that this paper does not seek to explore the multitude
tion maps we create. of reasons that influence public perceptions of the draft evac-

This work is necessary because the General Manager dfation plans we develop. We recognise such work is valu-

the Manly Local Government Authority (Manly LGA) con- able _both ac_ademlcglly and f_or practu_:al reasons. However,

firmed to us that no official tsunami evacuation plans existth® aim of this work is to provide practical support and tools

although the LGA is keen to develop such maps as part ofo the local emergency services and information to help them

an “all hazards” risk management approach. Further, the |oplgn and to test the communme.s tolerance for our draft maps.

cal Manly unit of the State Emergency Services (SES) con-!t is not to advance the theoretical understanding of the sub-

firmed that no tsunami evacuation plans exist. Whilst the lo-J€Ct area.

cal Manly unit of the State Emergency Service (the lead com-

bat agency fo_r respondi_ng to a tsunami) has not yet undery Approach and results

taken tsunami vulnerability assessment or evacuation plan-

ning, we acknowledge that at the State level, the NSW SESi9 1 Generating “draft” evacuation maps

working through a program of tsunami risk related activities

and will undoubtedly at some point in the future, consider We used the outputs of Dall'Osso et al. (2009b) to explore the

evacuation planning. identification of areas that can be classified as “safe evacua-
Examination of secondary sources of information (namelytion areas” and “safe evacuation buildings” during a tsunami.

local/regional newspaper archives) reveals that the current In order to develop “draft” evacuation maps for Manly,

lack of tsunami evacuation planning has been high-lightedwe first identified several suitable evacuation points or “as-

in the local community. The Manly Daily newspaper in a sembly areas” according to the best practice guidelines set

critical Editorial statement indicated that there is: out in FEMA (2009). These points/areas are indicated by
...aneed for preparation .. . with as little time to evacuate coloured stars in Figs. 5 and 6 and were selected based upon

as five minutes, authorities must work together to establistthe following criteria:

www.nat-hazards-earth-syst-sci.net/10/1739/2010/ Nat. Hazards Earth Syst. Sci., 1Q,76032610
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Fig. 5. “Draft” evacuation map for the northern part of Manly (map frame n. 1). The star indicates the location of the identified evacuation
point. Safe buildings for vertical evacuation are colored in green.

1. they are located outside the inundation zone; tify those buildings within the inundation zone that would
) ] _ be suitable for permitting “vertical evacuation”. Specifically,
2. they are as close as possible to inundated buildingye jdentified buildings within 10 min walking time of the
blocks meaning they represent the shortest horizontakontemporary shoreline. Our analysis reveals that people liv-
evacuation distances from the nearest shoreline; and  jng in puildings within the yellow block, in the north part of
Manly (Fig. 5), would not be able to reach any safe evacu-
ation point/assembly area in less than 10 min. Furthermore,
the bridge at the northern end of the bay could not be used for
escape on foot because tsunami flow-depth over the bridge

Next, we recognised that it is extremely unlikely all peo- Will exceed 4m.
ple located within the expected inundation zone will be able Given the findings, the only way people could escape
to safely evacuate outside this area once inundation at thtsunami inundation would be via vertical evacuation in to
shore has commenced (FEMA, 2009). This recognition issafe buildings (FEMA, 2009). Consequently, we identified
based on the fact that some evacuation points/assembly airdividual buildings across the study area that could be used
eas are located some distance from the contemporary shoréer vertical evacuation above the maximum expected flood
line and it takes times to physically walk this distance. Postlevel. In Figs. 5 and 6, these buildings are coloured green.
et al. (2009) estimated that on average, pedestrians evacuatdese buildings are identified from the PTVA-3 Model anal-
at a minimum speed of 0.6 m/sec. This value considers thgsis carried out by Dall'Osso et al. (2009b) because they have
effect of land use type, terrain and slope, population denthe lowest RVI values and because their upper floors lie well
sity and the presence of critical facilities such as hospi-above the expected maximum flood height. That is, these
tals or kindergarden. These factors considerably affect théuildings have at least two floors above the expected maxi-
free walking speed of pedestrians when they are not hinmum flood level.
dered by other people or obstacles (Daamen and Hoogen- We wish to be careful to point out that in the absence
doorn, 2005; Weidmann, 1993). of any official studies in to the vulnerability of the Manly

By using the results of the PTVA-3 analysis of building coastal community, our analysis represents a “first pass” at
vulnerability displayed in GIS format, we were able to iden- indentifying those structures that in a worst case scenario,

3. they are located along main roads which is important
when considering which alternative evacuation corri-
dors are most suitable (Taubérdk et al., 2009).

Nat. Hazards Earth Syst. Sci., 10, 17395Q 2010 www.nat-hazards-earth-syst-sci.net/10/1739/2010/
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Francis Street OR safe buildings
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South Manly Promontory.

Fig. 6. “Draft” evacuation map for the southern part of Manly (map frame n. 2). The stars indicate the location of the identified evacuation
points. Safe buildings for vertical evacuation are colored in green.

would be (relatively speaking) the “safest” structures for ver- We asked two types of questions: simple questions that
tical evacuation. We accept that more detailed work needs t@ermitted quick “quantitative” analysis (i.e., X percentage of
be undertaken but in the absence of any information at all, uparticipants think ...) (these were the qualifying question
approach represents a defensible, common sense approachand questions 1 to 4 in Table 1) and more complex questions
that required explanation of views thus permitting more de-

2.2 Public evaluation of the usefulness of the “draft” tailed “qualitative” analysis (i.e., explain ...) (questions 5
evacuation maps and 6 in Table 1).
We found that:

Once we had developed the draft evacuation maps, We _ i order to recruit 500 “valid” participants (that is, peo-
wanted them to be evaluated by Manly residents (the “pub- ple who are residents (local government tax payers) in

lic"). We were specifically interested in knowing whether the Manly LGA), we had to approach 894 people in to-
local residents (as well as visitors but we did not interview tal:

non-residents in this study) — for whom such maps are devel-

oped, found them potentially useful for identifying safe areas — 178 participants (or 35.6% of the sample) actuéiltg
and what they did and did not like about the draft maps. We within the tsunami inundation zones shown in either
believe such analysis will assist risk managers when devel-  Fig. 5 or Fig. 6;

oping official evacuation maps at a Iater. stage. — 322 participants (or 64.4% of the sample) live elsewhere
We developed a very simple questionnaire survey that  ijthin the Manly LGA area. These people were still
comprised just six questions (see Table 1). We were notin-  valid participants as their taxes help support the local

terested in SpeCiﬁCS about reSpondent gender, age, level of emergency risk management po"cies and practices;
education and prior tsunami experience and knowledge. We o . ]
simply needed to know that they were local residents and — 489 participants (or 97.8% of the sample) did not know

what they thought of the draft maps. As such, our survey that the local State Emergency Service (SES) have not
technique used a purposive sampling approach and followed Y&t developed official evacuation maps;

the latest guidelines for emergency risk management socially — 100% of our participants stated that they think the local
oriented research published in this journal by Bird (2009). emergency services should develop such maps;

www.nat-hazards-earth-syst-sci.net/10/1739/2010/ Nat. Hazards Earth Syst. Sci., 1Q,76032610
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Table 1. A quick look summary of the Short Survey questionnaire we used and the results.

Yes No Total
Qualifying question: 500 394 894
Do you live some where within the Manly LGA area?
Q1: Do you live within the flood area shown in
either Fig. 5 or Fig. 6? 178 822 500
Q2: Did you know that the local emergency
servicesDO NOT have such evacuation maps? 1 489 500
Q3: Do you think the local emergency services 500 0 500
should develop such evacuation maps?
Q4: Do you consider the “draft” tsunami
evacuation plans useful for identifying safe 500 0 500

evacuation areas and safe evacuation buildings?

Q5a: WhatDO NOTyou like about the “draft”
tsunami evacuation maps?

Q5b: WhatDO you like about the “draft”
tsunami evacuation maps?

Q6: Would you like to make any other comments?

“don’t understand the meaning of the coloured lines around
different parts of the map”,
“why is there only one safety point (star) in Figure 5?”,
“the map does not show which streets | should move out of the area along”,
“Figure 5 is a really big area. It seems too large.
I'm not sure if I'd have time to get out of the area”

“the identification of so many buildings | could go to”,
“clearly marked “danger” zones”,

“the names of streets so it's easy not to get lost”,
“looks very professional”, “colours make it look professional”,
“because | can see exactly where | need to go to”,
“it's easy to read/understand, because I'm local, | know how to get
from my place to the safe area”, “the colours make it interesting”,
“the scale is great — | can’t get lost”,
“I can actually picture where the safe areas are and
which buildings are high lighted”,
“the street labels .. .1 know where to go then”,
the blue that shows the depth of water.
It's scary so it makes me realise | have to get out!”

"I don't think anything like this could affect Manly”,
“why haven'’t the local government done this?”,
“looks a bit like science fiction to me”,
“it really scares me that this whole area could be flooded”,
“how would people know which buildings to get in to during an emergency?”,
“where will these maps be displayed?”,
“I know some of those buildings and they are private.
How would | get inside if | needed to? Who would let me in?”,
“how much time do we have to evacuate?”,
“my concern is that there might be thousands of people in the area.
How would you get them all out?”,
“don’t we need to have practice evacuations?”,
“how were these maps developed?”,
“what about people who can’'t read maps?”

— 100% of our participants considered that our “draft”

Itis not simply enough to ask participants if they do/do not

tsunami evacuation plans are useful for identifying safeknow about the existence of evacuation maps and whether

evacuation areas and safe evacuation buildings.

Nat. Hazards Earth Syst. Sci., 10, 173950 2010

they think our own “draft” maps are useful, it is also impor-
tant to understand why they think the way they do. Appreci-
ating community views about what does and does not work

www.nat-hazards-earth-syst-sci.net/10/1739/2010/
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about an evacuation map is significant because these insightocal Government LEMO’s and State Emergency Service

help ensure maps can be designed in a way that maximisgsersonnel are interested in (amongst others) questions such

their acceptance by the public and just as importantly, theiras:

compliance during an emergency. Questions 5 and 6 were de- ) i )

signed to gain these insights so that these may be considered~ Which areas of the coast are likely to experience flood-

in the future design of “official” tsunami evacuation maps. ing associated with a tsunami of a particular magni-
In relation to Questions 5 and 6, we report that: tude/return period?

— Which areas of low-lying coastal land will need to be
evacuated in the event of a tsunami of a particular mag-
nitude/return period?

— 224 participants (or 44.8% of our sample) provided
comments about what they diwbt like about our draft
tsunami maps (Question 5a). The vast majority of the
negative comments were the same. As such, we do not _ \yhat areas can be identified as “safe zones” to which
list 224 responses that are the same. However, Table 1 people may be moved during an evacuation?
provides a summary of the “key messages” about what

our respondents did not like about the maps; — What are the best routes to “safe evacuation areas”?

— 276 participants (or 55.2% of our sample) said there was — In the event that it is not possible to move all people lo-
nothing they did not like about the draft tsunami evacu- cated within the expected inundation zone into “safe”
ation maps; evacuation areas outside of the expected flood zone,

. . which buildings provide the best options for “vertical

— 421 participants (or 84.2% of our sample) provided evacuation” above the maximum expected flood level?

comments on what they did like about the draft evac-

uation maps (in response to Question 5b). Again, the The work we have done here addresses these questions.
responses provided by our participants were very sim-We have verified that, at present, no tsunami evacuation plans

ilar and “examples” of these responses are provided imare in place for the Manly LGA area and as such, the local

Table 1; population remain highly vulnerable to tsunamis. Dall’Osso

L . et al. (2009b) undertook a detailed building-by-building as-

— 79 participants (or 15.8% of our sample) provided no sessment of structural vulnerability in Manly. Here, we
response to the Question 5b; and last have used some of the results generated by Dal’Osso et

_ 121 participants (or 24.2% of our sample) provided re- al. (2009_[1?) to explore the iden.tificatiqn of areas that might_
be classified as “safe evacuation points” during a tsunami.

sponses to Question 6 and offered some other com j
ments. Again, responses were broadly similar and thel he outputs of Dall'Osso et al. (2009b) are useful, because

most frequently provided comments are listed in Ta- they are already organised in GIS layers and include most
ble 1. of the input data required for the drafting of the evacuation

maps in a georeferenced vector format (i.e. building physical
features and vulnerability, topography, terrain slope, land and

3 Discussion building use, the number of residential units per building, the
o o _ presence and location of critical facilities, etc.).
3.1 Implications of findings for Australia Figures 5 and 6 display those areas we think could be the

. ) . o ) . subject of evacuation orders. Figure 5 shows that the recom-
In addition to residents living within the forecast inundation \,,anded “evacuation area” that bounds Golf Parade. Rolfe
zones, numerous other stakeholders will be interested in thgyeet, Alexander Street, Pacific Parade and Pine Street does
management of risk associated with tsunamis (i.e. the emer;o; contain a single building that would be “safe” to evacuate
gency services, urban planners, insurance companies, real 6gr 1o quring a tsunami associated with our scenario. That
tate officers, etc.). However, here we focus on Australian Lo-is 41 puildings would be almost fully inundated and many
cal Government Authorities (.LGAs) (including their Locql would be severely damaged, if not completely destroyed.
Emergency Management Officers, LEMO's) and LGA units terefore, people that occupy these buildings would need to
of the State Emergency Service (SES) who are at the sharg)y evacuate the entire area. Having information like this
end of dea_lmg with hgzardous events such as tsunamis.  eans that the State Emergency Services can pre-plan the
In a major Australian Government report on coastal vul- hegt evacuation routes, implement signage at street level and
nerability* (Australian Government, 2009), it was noted that develop and engage in community education and outreach

1we note that this report focused mostly on the vulnerability of programs. Conversely, the large evacuation area of Fig. 6

coasts to climate change, sea level rise and storm surges. Howevearallel with the coast has many individual buildings we as-
tsunamis present similar challenges to vulnerability as do stormS€SS as suitable for vertical evacuation (although the western

surges and the questions related to risk assessment and inundatiéfds of Eurobin Avenue and lluka Avenue are some what
are identical. problematic).
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Figure 6 shows the mixed residential and commercial area  streets, parks and locations meant they “knew” the place
of Manly CBD. Although the flow depth above ground sur- contained in the map. This increased their trust in the
face is rather high in the tsunami scenario examined in this  map.
case, many individual buildings are assessed as being suit-
able for vertical evacuation. Given that the ocean beach at
Manly is a favourite with beach visitors and can be heavily
populated on a sunny summer weekend, the close proximity

— Use of colour seems important. Colour makes the maps
more interesting and seemed to help engage respondents
interests; and finally

of many buildings suitable for vertical evacuation, is signifi- — There needs to be a clearly identified process that under-

cant. pins the development of the maps and that this process
The “draft” evacuation maps we generated show how the s important to the public. They need to know how the

vulnerability data provided by Dall'Osso et al. (2009b) can maps have been generated in order to increase their con-

be used to organise tsunami prevention measures at the local  fidence the map is meaningful.
level, and they are a first step in that direction. Such maps can The observations we have made in our studv location of
be used by local emergency planners as a baseline to creaﬁ y

official evacuation plans. Such plans will have to: (1) include eagitggd Fthhelg:]pe“rcsa;r?]nfeog. O:; V\\ll\(/)erkr:c!f)awn:]s;% ?r?aetdlc:((:)al
detailed and reliable data on the local population; (2) arrangé) Wi 9 PI€ SIZES.

temporary shelters in appropriate zones; and (3) include th(g]?;/: rments tﬁgethea\/_wth the emﬁ rgency szr\élces test some
possibility of vertical evacuation (FEMA, 2009). Ot the approaches andssues we have raised here.

To our knowledge, within Australia, no tsunami evacua-
tion maps (draft or otherwise) have yet been developed oy Conclusions
trialled with the public. As such, our survey of 500 Manly
residents, though modest, represents a very significant test &s our cities expand, the exposure of our built environment
the potential usefulness of such maps to residents who wilto hazards such as tsunamis increases. Australia is at risk to
need to be evacuated in the event of an emergency. tsunamis. Abandoning coastal regions affected by hazards
Responses to Questions 4, 5, and 6 (shown in Table 1¥uch as tsunamis is simply not possible for a variety of rea-
provide useful insights and feedback on our draft evacuasons. Therefore, in order to enhance tsunami risk reduction
tion maps that official government agencies such as the Statstrategies, high-resolution assessments of building vulnera-
Emergency Service will need to keep in mind during the de-bility are required. Such assessments provide the building
velopment of official maps in the future. In fact, we recom- blocks upon which appropriate risk reduction strategies may
mend that official emergency agencies actually “test” draftbe formulated. Recent work by Dall’Osso et al. (2009a, b)
maps with the community/public/relevant stakeholders be-using a newly revised and improved PTVA-3 Model has been
fore finalising any future official maps in order to increase shown to be useful for providing assessments of the vulner-
community compliance. ability of individual building structures to tsunamis of par-
The main limitation of our approach is the lack of a Proba- ticular magnitudes. In this paper, we have taken the outputs
bilistic Tsunami Hazard Assessment (PTHA) for New South from Dall’Osso et al. (2009b) and shown where and how they
Wales upon which we can run our vulnerability assessmenmay be used to address important questions of relevance to

(Dominey-Howes et al., 2010). local government and emergency services officers. We use
a detailed case study from Manly, Sydney to explore these

3.2 Implications of findings for other locations and questions and options. We have not made specific recom-
recommendations mendations since in our view, it is the role of responsible

) ) . rofessional decision makers to best decide how such data

We understand that readers based in other locations will asﬁwight be used.
what value there is in our work to their areas? This is area- Eqrthe Local Government Area (LGA) of Manly, Sydney,
sonable question. We see the following issues as relevant te have heen able to identify specific points that lie outside
other locations both within Australia and internationally: tsunami inundation zones that would be suitable to evacuate
to. Further, where insufficient time exists to enable people to
fully evacuate from the inundation zone, we have been able
to identify specific buildings that would be appropriate to fa-
cilitate vertical evacuation. This is because these buildings
have been assessed as having low relative vulnerability index
@and because they would be only partially inundated by the
adopted tsunami scenario.

Importantly, we have tested the usefulness of the “draft”
— Scale seems very important. Our respondents noted thagvacuation maps we have generated by interviewing 500 per-

the high resolution of the maps with clearly identifiable manent residents. They overwhelmingly indicated that the

— To ensure “compliance” by the public during an evacua-
tion exercise or real event, we suggest that “draft” evac-
uation maps should always be trialled with local pop-
ulations to identify potential sticking points and issues
that require clarification. Such trialling is likely to in-
crease public understanding of the intent and value o
evacuation maps.
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mapsare useful. There are however, a few useful pointers trian and evacuation dynamics, Springer Verlag-Berlin Heilde-
about map layout and style that will be useful for the rel- berg, 13-25, 2007.
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