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

Holger R. Maier, Graeme A. Riddell, Hedwig van Delden, Jeffrey P. Newman, Aaron

C. Zecchin, Roel vanHout, James Daniell, Andreas Schafer, Graeme C. Dandy, Charles
P. Newland

Acknowledgements: Molly O’Callaghan, Evangeline Moore, Philippa Radford, Yasmin Zhar

Sy
.

K79 THE UNIVERSITY Pe
D .. r | Skl O er AP Australian Government | BUIS|NESS
EE;’ ofADELAI DE R I KS ’ MCC\Y R :kpann_ml of Industry. Eootperart)ive Research
z ’ « knowledge systems N@ Ancmanag ’ SRR nnovation and Science entres Programme




EARTHQUAKE



Land use model

\

Building stock model

L

) < ///

™ § Earthquake % s
AT

o
Q Risk
G
Indicators:
* Building value at risk maps

* Building damage state maps
e Expected fatality maps

Hazard
/I\

Earthquake ground
acceleration model

d

Soil and geological
data, Vs30 data

Building earthquake
vulnerability curves

Building stock model

Earthquake fatality
curves




Land use model

\

Building stock model

/2

s & ///

s § Earthquake 2,
YRN

S
Q Risk
44'}' LAY AN

Indicators:

* Building value at risk maps
* Building damage state maps
e Expected fatality maps

Hazard
/]\

Earthquake ground
acceleration model

d

Soil and geological
data, Vs30 data

Building earthquake
vulnerability curves

Building stock model

Earthquake fatality
curves




Stochastically Generated Earthquakes Average PGA

PGA (m/s*2)

Value

. 27051

=



UNHaRMED - UNHaRMED
File Simulation Maps Options Window Help

] Open | kd Save | Integrated scenario: [Notavaiable ~] 9 Sep || B R | Stoo | Resst ||  20004an01

R

Main window ==

i(l Hide outside modelling area

[P 8183636 ... 9091818
[ 7275455 ... 8183636
[ 6367273... 7275455 &Y suitabiity map

... 6367273

.. 5459091
.+ 4550909

0 3642727

0 2734545

LayerManager

Scenarios

Zoom tools.

Bl

Indicators
Analysis

Named viewports:

Grid tools
Network tools

CAP NUM SCRL




Land use model

\

Building stock model

7
S
%)
g
&

Indicators:

Earthquake
Risk

Building value at risk maps
Building damage state maps
Expected fatality maps

Hazard
/]\

Earthquake ground
acceleration model

d

Soil and geological
data, Vs30 data

Building earthquake
vulnerability curves

Building stock model

Earthquake fatality
curves




Land use

e
. Keiarar
B

Wy o

| L2

B ousin,

| EE
[l owesn..
| EELTEN

W o0ccs ..
| L
| RTINS
| EEEEE
|

| EER]

ALLT TS
23000¢32
e
23MARL)
22003
LRl Lo
CMMARLI
« Z000053

ey

o BIONCT
. 2000C220 ...

rae

| tvelnbak trwn 2tk




Modeller interface Earthquake

UNHaRMED - UNHaRMED

File Simulation Maps Options Window Help

|qﬂ Open ||ﬂ Save |I.ntegratedsoenan’o: INota\raiIabIe LI |§9 Step ||D Run | Stop D Resst I(‘D 2000-Jan-01
Main window (= =] =]

Drrivers

Climate

: | Building stock | Annual loss |
Extemal drivers

Socio- —Hazard
§ | eConomics Frequency: I 0.00001 LI
. Scaling factor: 7.7
Policy drivers —Vulnerability

Residential buildings: |Combinaﬁon Wooden Hom ;I
Commercial buildings: ILoad Bearing Masonry; Cal LI
Industrial buildings: |Stee| Frame; Steel Clad Wa ;I

S

Land use

—Mitigati
Land value e

Retrofitling cost:

Buildling stock —Outputs

Average MMA: o Show map
Scenarios
Indicators Damage index: @ Showmap
Analysis

Value at stake:

Expected average annual loss:

Hazard magnitude & likelihood / Building types

CAP, NUM SCRL _:




Land use model

file Simulation Maps Options Window Heip

Open Save Integrated scenano: Saselne v Ry = 9 Reser [ v 2050-Janr01
g - - ( — =7 |
AP J Land use map = o B¢
" P g "
- I = g . e & 3 Hide outsicla modeting 3
. ! = | =] s | / ’ -
1 Land use made 5 ; . Forest {© Region boundaries
Land use: Resdental v Lond use type:  Functon . bailoa K Natwork layer Roads
Rural resgratiol
Land use | Neghbourhood | Accessibility | Surtabiity | Zoning . -\".AL
. Commercal
Paramaters (for all land uses) D Fublic institutions Incke
Inertia/comversion effect for vacant land uses:
= [ Eesrastion
From\ To Vacant Forest ‘ [ r— R < youl ) AR
Vacant . —_ . »pinge . -
J Accessibility map Industry E =] I = J Accessibility map Rural residential =
Forest e T )
Residentia - B:Bicars LD g‘ Hide outside modelling a z‘ Hide outside modelling a
LA
0.6...0.8 : . .6... 0. . . .
Rural residentia D ’5— Region boundaries und \ l; Region boundaries
0.4..06
Commercial D z} Network layer Roads m jﬂ Network layer Roads
0.2..04 2 oy 2 ;
By inEe (metity ot I:, EAccassibiﬁtymapRuralr
Neighbourtood effact for function lar| - 0.0...0.2
From\ To Resid.. Rura
Vacant
Forest
Residential |5
Rural ressdentia \ oo LayerManager
Commescial [ 110k Zoomtools |
< A
Maxgenum distasce In neightourhood & 15‘}\ “i"’:t
.
> 4 3 Outpust boor
. @9
Named viewports:
S m — o oty
o —
} Grid tools Grid tools
etwork tool - Network tools
]




Land use model

Q Land Use ] Iﬂﬂln“lﬁ
l vecor Land use map 2013-Jan-01 |
. Forest

. Besidential

[l Bual resicential
. Commercial

ﬂ Hide outside modelling 3

[ Region boundaries Dynamically changing land use

:
(on an annual time step)

under a particular socio-
economic scenario — see video

[7] Public insshsions inchuding edu
B Bsceeation

[l Incustr:

D Agricubure

[ Horbcutnre

[ Lovestock

[l Aepor

. Infrastructure

. Resenwoir

. Mine and guamy

| B

D Land cutside Grester Adei=ice

Corresponding changes in
Leadeane | building stock / values at stake

e (not shown here)

=1

Named viewpons:

Grid tools

Pen

Flood

Inspect

Copy region

Copy value

Network tools




Land use model

D innone of the maps
. inboth maps

. only in map 1. netin map 2
. onlyin map 2, netinmap 1

D in none of the maps
. in both meps

. onfy inmap 1, notin map 2
- conlyin map 2 notin mag 1

Change Map — Rural | |
Residential Change Map — Residential




Land use model

\

Building stock model

<
™ § Earthquake
o
Q Risk
¢ =
Indicators:
* Building value at risk maps

* Building damage state maps
e Expected fatality maps

Hazard
/]\

Earthquake ground
acceleration model

d

Soil and geological
data, Vs30 data

Building earthquake
vulnerability curves

Building stock model

Earthquake fatality
curves




Modeller interface Earthquake

File Simulation Maps Options Window Help
(0 Open [ [k Seve | meratedscenaior [t aveiaie

L UNHaRMED - UNHaRMED

]9 s |[B An | B 30 [® Reet [[9 2000vn

B Main window

| Bullding stock

| ~Hazard ——
Frequency:
Scalng factor:
Vuinerabiity -
Residential bud

Damageindex

Commerdal bui

PGA

0.036918

| 0.037972
| 0.039056

0.030171

| 0.041318
| 0.0a2a97

0043711
0.044958

| 0.046242

0.047562

0.04892
0.050317
0.051753

0.053231

0.05475

| 0.056313

0.057921

| 0.059575
| 0.061275
| 0.063025

0.064824

| 0.066675

0.068578
0.070536
0.07255

Damage index
0.003292863
0.003979265
0.004695463
0.005442802
0.006222689
0.007036591

0.00788604
0.008772632|
0.009698034
0.010663983

0.01167229
0.012724842
0.013823605
0.014970625
0.016168032
0.017418043
0.018722964
0.020085192
0.021507216
0.022991623

0.0245411

0.02615843
0.027846504
0.029608314
0.031446962

Opﬁons_..

PGA (m2/s)

Average MMA:

Scenarios

Iindicators Damage index:

Value at stake:

Expected average annual loss:

Building vulnerability / damage

25

CAP NUM SCRL




Land use model

\

Building stock model

7
S
%)
g
&

Indicators:

Earthquake

Z
4
.
. &)
Risk <.
7
92

* Building value at risk maps
* Building damage state maps
e Expected fatality maps

Hazard
/]\

Building earthquake
vulnerability curves

Building stock model

Earthquake fatality
curves

Earthquake ground
acceleration model

d

Soil and geological
data, Vs30 data




_ Average Annual Loss - 2013
For each 100m x 100 grid cell:

Residential & Public Institutions
1. Take ground acceleration for 1 stochastic EQ event

2. Look at building type in grid cell and corresponding
vulnerability / fragility curve

3. Calculate damage and corresponding annual loss
4. Repeat 2 and 3 for all other stochastic EQ events

5. Average annual loss in cell over all stochastic EQ
events

Repeat the above steps for all 100mx100m grid cells
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Future challenges for resilience
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. Climate_change * Land use planning

* Population growth * Land management
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Future challenges for resilience

Cynical Villagers

An exploration of disaster risk and the future

Future challenges for mitigation
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RESIDENTIAL LAND USE CHANGES 2013 - 2050
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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
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