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NATURAL DISASTERS ARE EXPENSIVE

Chart ii: 2015-50 forecast of the total economic cost of natural disasters, identifying costs for each state
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NATURAL DISASTERS ARE EXPENSIVE

Chart ii: 2015-50 forecast of the total economic cost of natural disasters, identifying costs for each state
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PREVENTION IS BETTER THAN CURE

“Better to build a fence at the top of a cliff,
than park an ambulance at the bottom~

_ UNFENCE
Helen Clark 2015 Sendai CLIFF EDGE
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RISK REDUCTION & MITIGATION

“Better to build a fence at the top of a cliff,
than park an ambulance at the bottom”

Helen Clark 2015 Sendai

Where to put the fence?

How high should it be?

When to build it?

»

UNFENCE

CLIFF EDGE
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RISK REDUCTION & MITIGATION

“Better to build a fence at the top of a cliff,
than park an ambulance at the bottom~ i
Helen Clark 2015 Sendai grlis'i‘ggi !

Where to put the fence?

How high should it be?

When to build it?

bnhcrc.com.au ‘



Scoping
Function and use

Specified Explore therisk Y  Evaluate risk-reduction
P plr)oblem options

Make risk-reduction
plans

End-users and operators | | Spatial and temporal infopmatia

Y Reported on 'Spatlallyexpllcl l

Hazards
; " " " i Multi-hazard
. Geophysical . Meteorological . Hydrological . Climatalogica

Problem Formulation
K reduction easure

. Structural options
. Financial instruments

Y Landuse planning

External drivers Criterla

i More than pure hazard
Ry Social criteria usgd (e.g. risk based)

. Technological ' Economic

Y Natural resource management

. Education

Y Improved monitoring, warning,
evacuation, response

. Political

Administrative changes

Analysis framework Legend

Modelling components 'Modetintegmtion
@90
.Hazatd Y Exposure Y Vulnerabili Y Reported on .

Evaluating mitigation options and developing plans <:>

) L ) o . Wl Greater Lower
Inclusion of MCDA, Sensitivity, Uncertainty or Optimisation analysis il coverage coverage

ser and organisational interaction with the system
Specifying criteria for enduser requirements GUI design and development

Reported on derlving criteria for enduser . GUI developed
requirements from modelling results

i i i Enduser engagement and
' Aggregated risk into decision criteria . considerat?og of different types of users

Use and user engagement Monitoring and evaluation
Use process Monitoring and evaluation process
Non-hazard scenarios used . Reported on / studied

. Evidence that DSS champions sought

Training conducted

RESEARCH GAPS

Newman J.P., Maier H.R., Riddell
G.A., Zecchin A.C., Daniell J.,
Schaefer A., van Delden H., Khazai
B., O'Flaherty M.J. and Newland C.P.
(2017) Review of literature on
decision support systems for natural
hazard risk reduction: Current status
and future research directions,
Environmental Modelling and
Software, 96, 378-409,
DOI:10.1016/j.envsoft.2017.06.042



A Spatio-Temporal Decision Support System for Natural Hazard
Risk Reduction Policy Assessment and Planning

i eom ) -—

— = ‘ SN -
Perth Melbourne R T
P -

Adelaide

; _
NG’ , Tasmania
L1 — . ;
— 5 \ . r’ = }‘.'\\; ' '.
)
- \_" -'.\
—— - ...-.\«i N :
s TR >
Sonae ln. ADRLLA " Q" .
o \ FEAINT -
| ! LG ,r" \1
———— o : {
\ f o
— C—— s’

bnhcrc.com.au ‘



EXPOSURE

VULNERABILITY




Economy

Land use Building stock

EXPOSURE

Coastal inundation
Riverine flood

Earthquake
VULNERABILITY HAZARD Bushfire




Population
Politics Healthcare

Technology People Economy Demographics

Land use Building stock

EXPOSURE
Community values Urbanisation

) Social capital Coastal inundation !
Conflict Ageing

Social vulnerability Riverine flood

Building stock Earthquake
Building vulnerability VULNERABILITY HAZARD Bushfire

Immigration Extreme climates

Economic development Climate Change

Social Welfare




Damage index

Ao

Opticns

PGA (m2/s)

0070836
0078

oK

COOBTI 632
Q00RHBOE
0010061988
O01167229)
Q012724842
Q012205
001A¥ 0628
0.016108007
Q017418083
o182
0O200N5192
QO2I012E
Qo2rMIe
00245411
007615043
007 F88630¢
0029608114
001846567

Coancet

VULNERABILITY

bnhcrc.com.au




1] rGA Damage indes
-~ VOSSR QO0II9RAY
/\_ 0031972 QOONITRIES
00RO 0004655463
0040371 0 0O%ATHCT
OOUNIN  Q.006TIIENY|
Dowzea? Q007036591
0043781 O.O0IREADS,
004AYS8  COOKTIISN
LEC ISV 000WHBONE
COATIEZ  O010663I8Y
aocsev: 001167229
:Omilf oo2M802
Vos1TSy QORI MO%
DO V019N
00547 0016168007
0056333 G0N TAIROLY
L8 0018708
0059575 0.O200NSA9Z|
0061275 QO2IN I
0063025 Qo2 rMery
0064074 00245411
O Ol 7% OOXeLLeaY
LR .07 rasss0s.

Damage index

g ﬂ u:;l::\’: go\uu.:-;
0 Opsons PGA (m2/s) 25 [Tok | | concet

bnhcrc.com.au




Integrated
Model

RISK

VULNERABILITY

bnhcrc.com.au ‘



Integrated
Model
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Expected average annual
loss from earthquakes
2013-2050

bnhcrc.com.au




o

1IN 100 YEAR EVENT, CURRENT&BU’IQ.NS




T

1IN 333 YEAR EVENT, CURRENTa}LTIO_NS

bnhcrc.com.au ‘



e

1IN 333 YEAR EVENT, 2050 UNDm 8.5




1IN 333 YEAR EVENT, 2050 UNDER RCP85
WITH MITIGATION

bnhcrc.com.au ‘



",
----

Building Vs
value

s (L“BquMg
.-"“". Stock
% %% model

Building vulnerability curves

& o . Loss/Risk
8 ) v
Q '.-.v
Inundation x L

Inundation

CALCULATION OF RISK FOR 2015 | -




Inundation

Building vulnerability curves

Loss/Risk

:’r :

Inundation

Damage

i S

w b.(‘.
'

CALCULATION OF RISK FOR 2030




Building vulnerability curves

o  Loss/Risk
& e
€ %o
© k=
. = 9
Inundation ‘vi;
g

Inundation

CALCULATION OF RISK FOR 2050




TIOT

, g
1

. ‘1
5 N




Things we

generally can
, control
* Land use planning
e Structural measures

* Building codes
e Community education
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Land use change with
time
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Land use at time T
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Stochastic Perturbation
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MITIGATION OPTIONS EARTHQUAKE
« Hazard

* Vulnerability
Retrofitting building types
Changes to the building stock mix

* EXxposure
Land use planning
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MITIGATION OPTIONS BUSHFIRE

« Hazard

« Planned burns
« Education and awareness to reduce arson

* Vulnerability
« Changes to the building stock mix
« Education and awareness 1o manage your property and have a kit ready

* EXxposure
- Land use planning
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MITIGATION OPTIONS COASTAL INUNDATION

« Hazard
e Structural measures

* Vulnerability
« Reftrofitting building types
« Changes to the building stock mix
 Education and awareness to manage your property
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- Land use planning
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1IN 100 YEAR EVENT, 2050 UNDER RCP8.5
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1IN 333 YEAR EVENT, 2050 UNDER RCP8.5
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MODELLER INTERFACE COASTAL INUNDATION

- UNHaRMED - UNHaRMED - oIl
U O S degsied e [t velatie S e (A B Qe [5 2w

Laywthdanoom
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MODELLER INTERFACE COASTAL INUNDATION

UNHaRMED - UNHaRMED

Damage index

0 Water depth (m) 3 [ox | [omen




| [ [Vacant

"3 [ Mature

w B Forest

. []Rural Residential

[ Low Density Residential

1 M Conventional Density Residential
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3 [ Retail / Commercial
' "o M Industrial
. %,’ [ Community Services
M Forestry
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[] Pasture
! I Extractive Industries
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M Service Infrastructure
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M Government
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I Water
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BENEFITS OF PROPOSED APPROACH

End users involved in:

- Model development & selection
User interface design

Scenario development

Policy assessment & planning
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]
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|

Social learning occurs when stakeholders,
modellers and facilitators explore and
evaluate policy options through group
intferaction with the DSS

Builds strategic capacity by exploring
future risk profiles

Looks towards integration of system within organisations
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BENEFITS OF PROPOSED APPROACH

 Flexibility / Customisation
* Policy / risk-reduction options

* Hazards (e.g. single- or multi-hazard)

e Spatial extent
 Temporal scale (e.g. short- or long-term)

e Qutputs / indicators

Scenarios

Indicators
Analysis
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EXPECTED OUTCOMES

* Best-practice approach to identification of
o ] outcomes that represent value of money

* Evidence-based decision-making

e * Increased transparency, efficiency and

effectiveness in decision-making processes

i i  Development of shared understanding of risks, how
p— | they interact and what can be done about them
=1 |-

e Understanding of relative importance of different
factors in specific decision contexts

* Development of flexible, adaptable pathways to
reducing disaster risk

Scenarios

Indicators
Analysis

44 ——



EXAMPLE APPLICATIONS
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HAZARD
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What is the likely magnitude and extent of a hazard?

[ UNHaRMED - UNHaRMED - o IEN
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&' e ||
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Riverine Flooding - 1 in 20 Year Flood
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What is the likely magnitude and extent of a hazard?

(] UNHaRMED - UNHaRMED - o KN
Elle Simulation Maps Qptions Window Help
L] Open kd Save Integrated scenario: lﬁ;lavanlable - Step [l Run top D Resst I ¥ 2000-Jan-01
[ Main window =& =
= Drivers ~
@ Riverine flooding 1/100 years — Current conditions [Tt =T~
- Very: high ﬁ‘ Hide outside modaelling &
- High : [ Regionboundaries
Madium ’
L
[:] Low
|_] Veary low

Zoom tools |
|- | o

MNamad viewports:

Grid toala

Netwaork |

Riverine Flooding - 1 in 100 Year Flood
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What is the likely magnitude and extent of a hazard?

LavesManage

: : ZDON”‘;‘ |
YR
Y

Named wewports:

Network tools
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What is the impact of climate change on a hazard?

(] UNHaRMED - UNHaRMED - o |
Elle  Simulation Maps Qptions  Window  Help
| 4] Open ||kl Save | integrated scenario: [Not available =l | w2 Step Hb Run | | [ Sep 10 Renet H‘_’) 2000-Jan-01
- -
T - Vary high _ﬁ] Hide outaide modalling ‘
ma v
| | voh [ Raglon boundarias 51
[ Medium B42013
Saclo- ] row
aConomics ﬁ
Very low
LavarrMenecior
Land value I ZDD"\ '°°" I
BEulding stock 1 [ ‘ m ‘
e viswpons
Grid toals
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il | ) \
Coastal Inundation - Current Conditions
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What is the impact of climate change on a hazard?

[+ UNHaRMED - UNHaRMED - o “
Elle  Simulation Maps Qptions  Window  Help
| 4] Open ||kl Save | integrated scenario: [Not available =l | w# step | | B Run | Sop | @  Resnt ‘ | * 2000-Jan-01
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| - High l; Raglon boundarias T
[ Medium &3 2050
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Very low
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|

MNearnmd viswpons
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[

‘ Seenarios:
| Indicators
[ Analysis

Grid toals
Natwork tools

Im ; | |

Coastal Inundation - RCP 8.5

bnhcrc.com.au ‘




What is the impact of mitigation on a hazard?

(] UNHaRMED - UNHaRMED - o KN
Elle Simulation Maps Qptions Window Help
L] Open kd Save Integrated scenario: lﬁ;lavanlable el | w¥  Step > Run tor D Resst I ¥ 2000-Jan-01
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What is the impact of mitigation on a hazard?

Elle

() Open || kel Save | Integrated scenario: [Not available

Simulation
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Window Help
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EXPOSURE AND VULNERABILITY
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What is the current land-use?

i o ~iam"l5e 58 Iwcuv " -:@ulmﬂ‘
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What is the future land-use?

- Land Use
B vacent Land use map 2013-Jan-01 ] iide ouside madsliinig a
. Famat { |E,' Region boundaries
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What is the future land-use?

* Residential *
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What is the probability of urbanisation in the future?
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RISK

ccccccccccccc



What is the current expected average annual loss from
earthquake?
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What is the current bushfire risk?
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What is the current expected average annual deaths from
heatwave?

2016

QO = N W H» U O
r T T T T T 1

2.4 deaths per year
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CURRENT SOCIAL
VULNERABILTY

V & &

B very high

Onkaparinga
National Park

ol | B ]

Very low Very high

CURRENT BUSHFIRE
HAZARD

el | |

Very low Very high

CURRENT BUSHFIRE
RISK
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B Very high

CURRENT SOCIAL
VULNERABILTY

V & &

- None
- Very low
[ Jtow
P Medium
B o
- Very high

CURRENT EARTHQUAKE
HAZARD

ol | I8 |

Very low Very high

CURRENT EARTHQUAKE
RISK
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What is the future expected average annual loss from
earthquake?

Expected average annual
loss from earthquakes
2013-2050
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What are the future expected average annual deaths from
heatwave?

Combined Impact of
Climate Change and
Population Growth

Annual expected deaths
per kilometre square

i 0.000000
i 0.005000

I 0.010000
- I 0.015000

2.4 deaths per year (avg over 100 replicate futures) 5.9 deaths per year I 0.020000
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What is the future bushfire risk?
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What is the future expected average annual loss from

earthquake under building retrofit?
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What is the future bushfire risk under prescribed burning?

& UNHaRMED - UNHaRMED - B

File  Simulation Maps QOptions  Window Help
|q,'J Open HH Save ' Integrated scenario: |Not available - ry»’ Stop } ‘ ™S Run ‘ M Stop ‘Q Reut H\,\g)
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Building stod ||| Quteut ) N
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INTEGRATED SCENARIOS

A

—

>
Today Future
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Things we

generally can
, control

Things we
generally

VULNERABILITY HAZARD

MODEL

Evolution over
time

bnhcrc.com.au ‘



What is the impact of... (different climate change scenarios, different population
projections, different mitigation strategies, different hazards)

What is the relative importance of... (different long-term drivers, different mitigation
strategies, different hazards)

What is the relative benefit cost ratio of different mitigation strategies?

What is best portfolio of mitigation strategies for a given budget?

What are trade-offs between cost and risk of different mitigation strategies?

When are important future tipping points ?




What are plausible future developments and what are their impacts?
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FEZg| THE UNIVERSITY }:{ / bushfiretnatura A
o.fADELAIDE BRris G

Ignorance of the Lambs Internet of Risk

VISIONS
GREATER ADELAIDE
2050

Future challenges for resilience

Silicon Hills Cynical Villagers

An exploration of disaster risk and the future Future cha||enges for mitigation

Riddell G.A., van Delden H., Dandy G.C., Zecchin A.C. and Maier H.R.
Graeme A Riddell, Hedwig van Delden, Graeme C. Dandy, Holger R. Maier, Aaron . . . .
e e oo ety ot assaicesa (2018) Enhancing the policy relevance of exploratory scenarios: Generic
Research Institute for Knowledae Svstems. Maastricht. the Netherlands . . . . o

approach and application to disaster risk reduction, Futures, 99, 1-15.



https://doi.org/10.1016/j.futures.2018.03.006

Main scenariodrivers and outcomes

Ignorance of the

i Appetite for Change

Silicon Hills Cynical Villagers

Internet of Risk

Population in 2050

19 M 15M 25 M 1.8 M

15M
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< e /A

C i ; .

esionce i a0 e/ "

Building stock
resilience

A 0O . 0

o\\
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Residential land use
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; 2 Infill, some spraw! on
Large increase in rural

Gradual growth urban > : : ; Residential commuter the fringe and rural
residential, mixed with i . g :
and rural areas communities in the hills residential
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development

Large increase in rural
residential

Land use planning

N e A
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Education &
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Structural mitigation
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D Not in 2013 or 2050 . Gone in 2050
°
s C e n q " 0 S . In both 2013 and 2050 . Developed by 2050

RESIDENTIAL LAND USE CHANGES 2013 - 2050

Silicon Hills Cynical Villagers lgnorance of the Lambs
Low challenges High challenges mitigation High challenges resilience

bnhcrc.com.au




D Not in 2013 or 2050 . Gone in 2050
°
S C e n q rl o S . In both 2013 and 2050 . Developed by 2050

RURAL RESIDENTIAL LAND USE CHANGES 2013 - 2050

Silicon Hills Cynical Villagers lgnorance of the Lambs
Low challenges High challenges mitigation High challenges resilience
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[:l Not in 2013 or 2050 . Gone in 2050

Scenarios I p—
COMMERCIAL LAND USE CHANGES 2013 - 2050
e [ '_']'J?q: ,_H_,Jjﬁﬂi's ,_h_r"_]ﬁfwl
v;s' ; 5 o ,_}\ - i
Kb \ z ™ A e Y
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e ) o~y f )
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S, Sy /“-\\ A . / - J ' \‘\\_/
Loag £ g g
'l ,// |~ ﬂ/
L Lo
Silicon Hills Cynical Villagers lgnorance of the Lambs
Low challenges High challenges mitigation High challenges resilience
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Smillion

H ==- High: 8.894
Scenarios B
CAPITAL DAMAGE 1/500 EVENT RIVERINE FLOOD 2050 ~ 'o:°

— pl =y

e

\ B
\ L ?
f Vo ( | "“J
J /I\\\f )’/\)/
r \ .
> A
Silicon Hills Cynical Villagers lgnorance of the Lambs
Low challenges High challenges mitigation High challenges resilience
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Scenarios e
ANNUAL AVERAGE DAMAGE BUSHFIRE 2050  [Tyuyu

Silicon Hills Cynical Villagers lgnorance of the Lambs
Low challenges High challenges mitigation High challenges resilience
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BUSHFIRE HAZARD RISK

Current Cynical Villagers Ignorance of the Lambs Silicon Hills

S I s 1 [ 171 ([

Very | Very high
o HAA No change



EARTHQUAKE HAZARD RISK

Current Cynical Villagers Ignorance of the Lambs Silicon Hills

Brown Hill Creek
Aberfoyle Park

None l l D I l l High increase l I I l I . I I I I l High decrease

Very lo Very high
R B No change




POTENTIAL UTILISATION FOR BROADER
PLANNING
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IMPLICATIONS FOR WATER SUPPLY?

Residential
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IMPLICATIONS FOR TRANSPORT?

Residential
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IMPLICATIONS FOR BIODIVERSITY?

Residential
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IMPLICATIONS FOR ENERGY?

Residential
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| Summary of Uses

Strategic risk analysis

«  SWOT analysis of organisation
« TCEFD Physical Risk Assessment

Modelling to inform long-term resource needs and vulnerabilities
Modelling to inform future “hotspots’ or areas of concern

* Test opportunities to reduce these
 Identify areas/factors that agencies have limited control over

Assessment of climate resilience of systems

« (Can consider individual systems or regions

* Can assess the resilience of supply chains

J 7 4 ——



THANK YOU

Holger Maier
holger.maier@adelaide.edu.au
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