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Mitigation Investment Ratio

1:4 ratio

!

Predisaster Reduces present value
Mitigation spend of postdisaster recovery spend
by factor of about 4
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NEVERTHELESS, OBSTACLES ARE PRESENT
WITH REGARD TO MITIGATION
PLANNING...
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Large number of
expectation options
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We are developing

Decision Suppori

Policy & Planning
Investment Options
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OBJECTIVES

1) To develop a systematic and transparent
approach to sifting through, evaluating and
ranking disaster and natural hazard mitigation
options using analytical processes and tools.

2) To develop user-friendly prototype software
tools that implement the above approach

3) To test the software across three end-user
defined case studies.
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Multi-hazard Mitigation Options

|

Sift through large number Spatially explicit,
of mitigation options <« temporal,
with optimisation integrated model

|

Optimal mitigation portfolios
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Goods

N — An integrated
SOClety ~_Labour_—" Economy modelling system
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Multi-hazard Mitigation Options

Structural Management Land use
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Due to the large
number of
mitigation
portfolios
evaluating each is
computationally
intractable
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Due to the large
number of
mitigation
portfolios
evaluating each is
computationally
intractable

Objectives
functions are
evaluated using the
complex, nonlinear,
dynamic integrated
modelling system
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EVOLUTIONARY ALGORITHMS Due to the large

number of
1) Use value of objective function directly ' mitigation
(can link with simulation models) portfolios
2) Robust in large decision spaces evaluating each is

3) Search using a population of decision  computationally
variable sets simultaneously

4) Use probabilistic rules to understand
why some decision variable sets Objectives
performed better

5) Uses these rules to improve the
population of decision variable sets

: : : : complex, nonlinear,
6) Uses this process, in an iterative o
fashion, to improve decision variable dynamic integrated
set over time modelling system

intractable

functions are
evaluated using the



Multi-hazard Mitigation Options

Structural Management Land use

|

Sift through large number Spatially explicit,
of mitigation options <« temporal,
with optimisation integrated model
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Optimal mitigation portfolios
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Multi-hazard Mitigation Options

Structural Management Land use
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AN ITERATIVE AND INTERACTIVE PROCESS

IT Specialist
System architecture
Software technology
and implementation

Build usable
and user
friendly system

Integrate and
code models

Architect
Integration
Communication
Management

Scientist End user

Model main processes Deliver policy context
Define scale, Define problems,
resolution and levels of functions and usage

detail of DSS

Select
policy-relevant
research
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OBJECTIVES

1) To develop a systematic and transparent
approach to sifting through, evaluating and
ranking disaster and natural hazard mitigation
options using analytical processes and tools.
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BUILT USING GEONAMICA:
A MODULAR WAY OF MODELLING

3

Land use local level

Earthquake risk model

Flooding risk model

Bushfire risk model

GEONAMICA

Climate

Policy Support
System

Demographics

Economics
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OBJECTIVES

1) To develop a systematic and transparent
approach to sifting through, evaluating and
ranking disaster and natural hazard mitigation
options using analytical processes and tools.

2) To develop user-friendly prototype software
tools that implement the above approach

3) To test the software across three end-user
defined case studies.
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GREATER ADELAIDE CASE STUDY

Work has started on a South Australian case study
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Two more case studies yet to be decided...
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MAJOR OUTCOMES (1)

1) Utilisation of a systematic and transparent
approach to evaluating disaster and natural
hazard mitigation options (e.g. infrastructure,
land use, policy).

2) The ability to make more sirategic and less
responsive decisions in relation to mitigating the
Impact of disasters and natural hazards as @
result of the availability of better information.

'll bnhcrc.com.au



MAJOR OUTCOMES (2)

3) The availability of prototype decision support
software tools for three end-user defined case
studies to enable recommended opftions to be
identified by sifting through and evaluating and
ranking a large number of options).

4) A better understanding of the trade-offs
between economic, environmental and/or
social objectives for different mitigation options
for three end-user defined case studies.




ADVANTAGES OF OUR APPROACH

1) Focuses on mitigation
2) Integrated approach

3) Considers nonstationarity in landuse and
climate

4) Deals with uncertainty in a risk-based approach

5) incorporates optimization in combination with
simulation.

6) Uses what we know today, and uses advanced
computational fechnigues to make the most of
this
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MITIGATION VS RELIEF SPENDING
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Relief/Recovery: $27,364m in 13 years
Mitigation: $480m in 13 years
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‘A WICKED PROBLEM’

« Complex, highly interlinked system

« Non-stationary, spatially explicit problem

« Decision maker has no ‘right to be wrong’

« Too many policy/project options to consider

. No one, perfect solution [ Competing } [ Risk and }

objectives uncertainty

Community Large number
expectation -] of options
Insufficient Lack ot
data / measurable
i i criteria
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WE ALL KNOW MITIGATION IS COST
EFFECTIVE ...

‘It is generally accepted in the emergency management
community that.

one dollar spent on mitigation can save at least two dollars
in recovery costs

Figures from overseas experience, particularly in the UK,
have indicated that, as much as eight recovery dollars
may be saved for every one mitigation dollar spent.’

Robert McLelland
Commonwealth Attorney General 25 March 2011



—————————————————————— |- =======n
Problem Definition : | Determination of Recommended Options :
|
. . . |
e.g. Projects A9, Define P_o_tent;al | I Select Hazard :
A10,B7,C4, D5 |-» Hazard Mitigation ~ [-eereeeenes |--1I~ Mitiqati -
! _ _ I itigation Option I
() Options & Constraints | I
(! Select Option |1
|
e.g. Projects A3, . L I I to Evaluate |1
A6, A8, B2, B5, | | Define Objectves& -} H v nextusing ||
System Performance » | . I
B7 Veasures ,!'| Evaluate System Multi -
() I:> Performance under Objective :
X Uncertain Conditions Optimisation |
i Algonthm
.55, A8 ! i
A9, A10,B2,B3, | | UseExstingData/ | o I
C1, C4, G5, D1, Information / Models : I v I
D2, D3, D4 11| Recommended Hazard :
() | Mitigation Options that '
| : deserve further :
e.g. Projects B2, - . | consideration dunng |
Baclc2 L N Define Risk Scenario | J1 : non-technical decision- I
) (e.g. Climate) ¥ making ,
________ W-—————————- - ___________p--__

Decision Support (Ranking of Recommended Options)

Discuss DSS Design and |+ »| Develop, Apply
Development in and Enhance
Participatory Workshops Discuss Problem Definition DSS framework
Trade-offs between Hazard
.|  Mitigation Options and
Reach Agreement on
Selected Option

46 bnhcrc.com.au

(") = Depending on relevance to selected case studies and timely availability



jm—mmmmmm———————— =
Problem Definition | Determination of Recommended Options :
|
- i |
e.g. Projects A9, Define Potential | Select Hazard
A10, B7, C4, D5 |--»| Hazard Mitigation o tfg:gon %Zstrmn ‘ !
() Options & Constraints : |
I Select Option | 1
e.g. Projects A3, L I to Evaluate |1
A6, A8, B2, B5, Define Objectives & : v i I
System Performance . I
B7 Veasures 1| Evaluate System Multi -
() i :’ Performance under Objective :
Uncertain Conditions Optimisation |
e.g. Projects A1, : Algonthm |
A2, A3, AB, A8, I ) I
A9,A10,B2,B3, | | Use Existing Data/ I I
C1, C4, G5, D1, Information / Models I v I
D2, D3, D4 I| Recommended Hazard '
() I'| Mitigation Options that :
: deserve further |
e.g. Projects B2, . . consideration dunng |
B4, C1, C2 Lal: R|slg SEETEI : non-technical decision- I
() (e.g. Climate) ! making |
e e e e b----- '

vl v

Decision Support (Ranking of Recommended Options)

Discuss DSS Design and |+ »| Develop, Apply
Development in and Enhance
Participatory Workshops Discuss Problem Definition DSS framework
Trade-offs between Hazard
.|  Mitigation Options and
Reach Agreement on
Selected Option

47 bnhcrc.com.au

(") = Depending on relevance to selected case studies and timely availability



Problem Definition Determination of Recommended Options

e.g. Projects A9, Define Potential L —
A10,B7,C4, D5 ||  Hazard Mitigation ' Mitieg:(t:i o %Zstrl T
() Options & Constraints
Select Option I‘
e.g. Projects A3, . to Evaluate
A, A8, B2, B5, L o ERE v next using Optimisation
»  System Performance .
B7 Veasures Evaluate System Multi -
() | Performance under Objective
Uncertain Conditions Optimisation Modelling / Simulation
e.g. Projects A1, Algonthm
A2, A3, AB, A8, > .
A9, A10,82,B3, | | Use Existing Data/ Data / Information
C1, C4, C5, D1, Information / Models y
D2, D3, D4 Recommended Hazard
() Mitigation Options that
deserve further
e.g. Projects B2, . . consideration dunng
B4 C1C2 | N Define Risk Scenario non-technical decision- Risk

(e.g. Climate)

making

()

Decision Support (Ranking of Recommended Options)

Discuss DSS Design and |+ »| Develop, Apply
Development in and Enhance
Participatory Workshops Discuss Problem Definition DSS framework
Trade-offs between Hazard
.|  Mitigation Options and
Reach Agreement on
Selected Option

48 bnhcrc.com.au

(") = Depending on relevance to selected case studies and timely availability



e e ——— 1
| Problem Definition : | Determination of Recommended Options :
| |
. . |
I | eg. Projects A9, Define P_o_tent;al | I Select Hazard :
I'| A10,B7 C4,D5 |- Hazard Mitigation |- |--1I~ Mitigation Option |
: () Options & Constraints | : I
| I, Select Option |1
1 | eg. Projects A3, L I I to Evaluate |1
1| A6 a8 o Bs | | Define Objectives & H v nextusing ||
I B7 System Perfomance - MU Evaluate System Multi I
I () Veasures ::’ Performance under Objective :
' 1 '] Uncertain Conditions Optimisation |
: e.g. Projects A1, I : Algorithm ||
I A2, A3, AB, A8, I I > |
| | A9 A10,B2,B3, | | UseExistingData/ | o I
1| C1,C4,C5, D1, Information / Models : I Y I
I D2, D3, D4 | I| Recommended Hazard '
I () | Mitigation Options that :
: | : deserve further |
e.g. Projects B2, . . | consideration dunng |
: Baclc2 L N Define R|(sj|k Sofnanﬂ ........ J1 : non-technical decision- I
I (") B0 ETEE I | making |
| [

Decision Support (Ranking of Recommended Options)

Discuss DSS Design and |+ »| Develop, Apply
Development in and Enhance
Participatory Workshops DSS framework

Discuss Problem Definition,
Trade-offs between Hazard
Mitigation Options and
Reach Agreement on
Selected Option

49 bnhcrc.com.au

(") = Depending on relevance to selected case studies and timely availability



e e 1
| Problem Definition : | Determination of Recommended Options
| |
. . |
I | eg. Projects A9, Define Pqtent;al | I Select Hazard
I'| A10,B7 C4,D5 |- Hazard Mitigation |- |--1I~ Mitigation Option
: () Options & Constraints [ :
| I, Select Option
1 | eg. Projects A3, o hy to Evaluate
1| A6, A8, B2, BS, o v next using
| B System Periomiance [ I ™2 ol ate System Multi
I () Measures ::’ Performance under Objective
' 1 '] Uncertain Conditions Optimisation
: e.g. Projects A1, I : Algonthm
A2 A3, A6, A8 I >
|| o [ =
| | A9 A10,B2,B3, | ) UseBExistingData/ | s : | 3 end
1| C1,C4,C5, D1, Information / Models I y
I D2, D3, D4 : I| Recommended Hazard USer case
I () I'| Mitigation Options that :
|
: | : deserve further stu d 1€S
e.g. Projects B2, . . | consideration dunng
o st | Define Risk Scenario 1V non-technical decision-
I 1 1 .’ C' t ........ .’ I -
I (%) (e.g. Climate) | | making
|

Decision Support (Ranking of Recommended Options)

Discuss DSS Design and |+ »| Develop, Apply
Development in and Enhance
Participatory Workshops DSS framework

Discuss Problem Definition,
Trade-offs between Hazard
Mitigation Options and
Reach Agreement on
Selected Option

50 bnhcrc.com.au

(") = Depending on relevance to selected case studies and timely availability



—————————————————————— |- =======n
Problem Definition : | Determination of Recommended Options :
|
. . |
e.g. Projects A9, Define P_o_tent;al | I Select Hazard :
A10,B7, C4, D5 B-» Hazard Mitigation ~ [-eeeeeeenes |--1I~ Mitiqati -
! _ _ I itigation Option I
() Options & Constraints | I
(! Select Option |1
|
i |
e.g. Projects A3, Define Objectives & | I to Evalqate |
A6, A8, B2, B5, I y nextusing |1
- System Performance » | . I
o7 Measures (| Evaluate System Multi - I Optimisation
() I:> Performance under Objective :
X Uncertain Conditions Optimisation |
e.g. Projects A1, | Algonthm | Modelling / Simulation
A2, A3, A8, AB, ¥ \ |
A9, A10, B2, B3 Use Existing Data / I I :
H 1 ¥ & ..’ ........ I
C1, C4, C5, D1, Information / Models g : | v | / Data / Information \
D2, D3, D4 11| Recommended Hazard '
() | Mitigation Options that :
| : deserve further |
e.g. Projects B2, . . | consideration dunng |
B4 C1 G2 " Define Risk Scenario | J1 : non-technical decision- I
) (e.g. Climate) I ! making ,
oM __________ b----- '

vl v

Decision Support (Ranking of Recommended Options)

Discuss DSS Design and |+ »| Develop, Apply
Development in and Enhance
Participatory Workshops Discuss Problem Definition DSS framework
Trade-offs between Hazard
.|  Mitigation Options and
Reach Agreement on
Selected Option

51 bnhcrc.com.au

(") = Depending on relevance to selected case studies and timely availability



OVERVIEW OF DSS PROJECT

1) Moftivation
2) Conceptual Approach
3) Methodology

4) Milestones —

5) Personnel

77 e



I Problem Definition : I Determination of Recommended Options :
| |
. . | |
I | eg. Projects A9, Define Potential | | Select Hazard
|| A10,B7,04,05 [--» Hazard Mitigation |- P \iteaton Ootion | !
: () Options & Constraints | : |
| I, Select Option |1
1 | eg. Projects A3, . hy to Evaluate |1
1| 6. 28,82 85, Define Objectives & ¥ v i |
System Performance » | . I
I B7 Veasures (1| Evaluate System Multi -
I () I:> Performance under Objective :
' 1 V] Uncertain Conditions Optimisation | |
: e.g. Projects A1, | : Algonthm |
| A2 A3, A6, AS, | | Y |
| | A9 A10,B2,B3, | | UseExistingData/ | o I
1| C1,C4,C5 D1, Information / Models : I I
I D2, 03, D4 | I| Recommended Hazard '
I () | Mitigation Options that :
: | : deserve further |
e.g. Projects B2, . . | consideration dunng |
: Baclc2 L N Define R|é,|k Scfnano ........ J1 : non-technical decision- I
| () (€g. Climate) * making :
e W-————————--_ L ___________ [ !
vl = : : v
Decision Support (Ranking of Recommended Options)
Discuss DSS Design and

Development in

e

Mock-up DSS interface
for case study 1

7selected case studies and timely availability

Year 1
(2014)

53

bnhcrc.com.au




Development in

e

Prototype DSS for case

7selected case studies and timely availability

e e ——— 1
| Problem Definition : | Determination of Recommended Options :
| |
. . | |
I | eg. Projects A9, Define Potential | | Select Hazard
|| A10,B7,04,05 [--» Hazard Mitigation |- P \iteaton Ootion | !
: () Options & Constraints | : |
| I, Select Option |1
1| €9 Projects A3, ot h to Evaluate ||
1| 6. 28,82 85, Define Objectives & ¥ v i |
System Performance » | . I
I B7 Veasures (1| Evaluate System Multi -
I () I:> Performance under Objective :
' 1 V] Uncertain Conditions Optimisation | |
: e.g. Projects A1, | : Algonthm |
I A2, A3, AB, A8, | | ) |
| | A9 A10,B2,B3, | | UseExistingData/ | o I
1| C1,C4,C5 D1, Information / Models : I I
I D2, 03, D4 | I| Recommended Hazard '
I () | Mitigation Options that :
: | : deserve further |
e.g. Projects B2, . . | consideration dunng |
: Baclc2 L N Define R|é,|k Scfnano ........ J1 : non-technical decision- I
| () (€g. Climate) * making :
e W-————————--_ L ___________ [ !
vl » : : v
Decision Support (Ranking of Recommended Options)
Discuss DSS Design and

54

Year 2
(2015)

bnhcrc.com.au




™ GEONAMICA® - Waikato_New
le ion Options  Window  Help

K save Integrated scenario: | Baseline -

fed Main window [

Drivers

Ru s |[@ fess | [@ 2050-Jan-01

Decision Support

Economy

% sector: |Horuculture and frut growing - s = . e
International exparts: ming (2009) J‘J/ i / ) ]J f J |

Interregional exports:

@ Gross fixed capital formation:

Changes in inventariss:

ming (2004)
ming (2004)

ming (2009)

Populaton @ Land use map =]
Fertiity lever: (Bl Bare Suwfoose =]

[ Bare Sufaces = [ District boundaries
Mortality lever: [ Indigenaus Vegstation

addisonal netinm | [l Other Exatic Vegetation
District / Time | | [l Wetland

Franklin ] Besidential - L festyle Blocks

Thames-Corom | [l Besidentisl - Low Density

Hauraki [ Eesidential - Medium to High

Waikato [ Commercial
Scenarios mc |
Indicators « 1, LayerManager
Anatysis - [] Horticulture

[[] Biofuel Cropping

[ ¥eqetable Ciopping

[ Other Cropoing

[ D P

[ Sheep. Beef or Deer Farming
] Other Agricultae

Mamed viswperls:

M Foresty ad

Pen

Flood

Modelling / Simulation

bnhcrc.com.au




Decision Support

Risk

Modelling / Simulation



Decision Support




Decision Support

Risk

Cost

Modelling / Simulation



Decision Support

Cost




Decision Support

Modelling / Simulation

bnhcrc.com.au ‘



Decision Support

Decreasing cost
Increasing value

Modelling / Simulation
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Decision Support (Ranking of Recommended Options)

Discuss DSS Design and |+ »| Develop, Apply
Development in and Enhance
Participatory Workshops Discuss Problem Definition DSS framework
Trade-offs between Hazard
Mitigation Options and
Reach Agreement on
Selected Option
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Development in

e

Prototype DSS for case
studies 2 & 3

7selected case studies and timely availability

e e ——— 1
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Discuss DSS Design and
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OVERVIEW OF DSS PROJECT

1) Moftivation
2) Conceptual Approach
3) Methodology

4) Milestones

5) Personnel_
774 o e



Problem Definition

e.g. Projects A9, Define Potential
A10,B7,C4, D5 |--»  Hazard Mitigation
() Options & Constraints

e.g. Projects A3,
A6, A8, B2, Bb,
B7

Define Qpjectives &

HEDWIG
Ariella

e.g. Projects B2,
B4, C1,C2 .. »

()

Define Risk Scenario
(e.g. Climate)

Discuss DSS Design and
Development in

‘
Participatory Workshqg H E DW I G
Jeff

Holger
5
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Discuss DSS Design and |+ »| Develop, Apply
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Participatory Workshops Discuss Problem Definition DSS framework
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PRESENTATION OUTLINE

1) Structure of CRC

2) Overview of DSS Project

3) Overview of Evolutionary Algori’rhm—

4) Evolutionary Algorithm Research Challenges
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EVOLUTIONARY ALGORITHMS

1) Search from a
population of decision
variable sets
simultaneously

2) Use probabilistic, rather
than deterministic, rules

3) Use value of objective
function directly (can link |
with simulation models)
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Determination of Recommended Options

Select Hazard <

¥ Mitigation Option
Select Option
l to Evaluate
next using
Evaluate System Mults -
Performance under Objective
Uncertain Conditions Optimesation
Algonthm
y
Recommended Hazard
Mitigation Options that
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consideration dunng
non-technical decision-
making
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Determination of Recommended Options

Belect Option
applies
to

b calibration
of landuse

Optimysation
Algonthm

J

Recommended Hazard
Mitigation Options that
deserve further
consideration dunng
non-technical decision-
making
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PRESENTATION OUTLINE

1) Structure of CRC
2) Overview of DSS Project

3) Overview of Evolutionary Algorithms

4) Evolutionary Algorithm Research Cholleng—

'll 73 bnhcrc.com.au ‘



Problem Formulation

Selection of Decision
Variable(s) (DVs) and
DV options

Selection of
Constraint(s)

Selection of
Objective(s)

Search Methodology
& Controlling
Parameters
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~ ~ relatively simple problems
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Seeding Initial Population

Example network
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Seeding Initial Population

7 Solutionpool
!_ — -‘|
g 5 Solution 1| 2|31 4 |
1 -
5  NEd \ |
2 . 8 Total cost
4 ($ million) 31]28 | 271f 24 J:
7 H~
Example network Velocity threshold (v) 01l 02103l oa |1
(m/s) | |
Op"m(?rf\:n')ame‘ers Pipe 1 (mm) 40 | 30 | 301| 30 |1 = = > EAJIEANEIE
10 Pipe2(mm) | 20 | 20 | 201 10 |I optimal
Pipe 3 (mm) 30 | 20 | 20| 20 : Solution
Pipe 4 (mm) 20 | 20 | 20,| 20 :
Pipe 5 (mm) 10 | 10 [ 101 10 []
Pipe 6 (mm) 20 | 20 | 10| 10 |I
Pipe 7 (mm) 10 [ 10 | 10 10 |1
J I
Pipe 8 (mm) 10 | 10 | 104] 10 |,
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Seeding Initial Population

Pipe1 Pipe2 Pipe3 Piped Pipe5 Pipeb6 Pipe7 Pipe8

Base
Diameter 30 10 20 20 10 10 10 10
(mm)
i? 1m _E:nu i.3,.'.m . g:m _E'm _E'.m i:m i'm
N guﬁ Eu?: _g_ ] _g_n:- Eu'.: Eu'.: Eu?: Eu?:
Probablllty :,: ” :;um Eum 1 E = :;um :;um :;um :;um
Densit % o %uz I I 7 o= o T o= o %uz I I :l::- = I I %uz I I %uz I I
Yol LD . g.,mJJ_l_l gﬂmJJ_l_l NI RN NI R NN R NI R
R P i S P Sriable o mt e ] Sl ke e Aentubla o mtmrai]

(X axes: Available diameters (mm), Y axes: Probability density )

¥

Generate initial population
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Seeding Initial Population

Deviation of the average of the best solution to the

benchmark optimal solution {Cost)

%

Case study 6: Rural

200 400 600 800
Mo. of evaluations (thousands)

Deviation of the average of the best solution to the

benchmark optimal solution (Cost)

50%

45%

40%

35%

30%

25%

20%
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0%

200

400

Case study 7: Large

"‘\‘

600 200 1000 1200 1400 1600 1300 2000

Mo. of evaluations (thousands)
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Dynamic Adjustment of Decision Space

81 bnhcrc.com.au ‘



Incorporation of Heuristic Knowledge

a) Wetland Inundation Timing b) Wetland Recruitment Timing
o o
e T -t — e — ¢ —7 ' e—e—o trote At —
R 0/’3/:’%*- XN3 X o Sy \‘v\o n/,v”,;
P e+ 157 - LSRN M A
- X._ 0 //E‘ “ A *. 0 \+ , X b /
- X 7 = R VN4 0N — O
o e 00— 0= e \ A Hag X-= X _£0 /7
o o o—-0— 0= I:G—Gm T
o | o= 0= Q7 o |
o | | I | | | | | ] | | | o | | | | | | | | | | | |
Jan Mar May July Oct Dec Jan Mar May July Oct Dec
Month Month
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