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Models, ERA & NRM

e |In ERA & NRM, we need models that:

— Represent complex systems (i.e. multiple
Interacting variables)

— Incorporate knowledge and data
— Inform decision making

— Promote adaptive management
— Scientifically robust

e Role of models
— Predictive

— Exploratory: Key knowledge and data
gaps




Models: Science & NRM

Scientific Robustness
Versus
Utility in NRM / Decision-making

ldeally models: meet both needs



Bayesian Models

Model complex systems

Formal integration of different sources
of evidence .
— Subjective & Quantitative ="
— Across disciplines

Guide data collection

— Targeted to benefit the understanding
(and management) of a system

— Address uncertainties

Models iteratively updated - adaptive
management




Bayes’ Theorem

P(B|A)=PA[B)-P(B)

P(A)

Rev. Thomas Bayes
(1702-1761)



http://en.wikipedia.org/wiki/Image:Thomasbayes.jpg

What Is a Bayesian Network?

® Two components

- Structure @
- Probabilities
® | inks between variables

represent causal relationships
(as with a conceptual model)

® brobabilistic relationships are used to describe the
strengths between variables

'Inputs: expert opinion (technical / non-technical), literature,
monitoring / research data, other models



Are BNs scientifically
robust?

Can BNs meet the needs of
NRM?




BN Models: Science & NRM

Criteria BNs

Dynamic systems (loops) P00r §
Continuous distributions P00r 5’;
Imprecise Probabilities* POor K
Transparency Poor / Okay
Multiple hazards/risks Okay =
Communication tool Okay =
Integration tool** Okay

Adaptive Management Okay

Scenario analysis Okay

* Exact inference only in BNs
** Across disciplines & merge subjective and quantitative info



BN Models: Science & NRM

Scientific Robustness
Versus
Utility in NRM / Decision-making

BN models: meet many needs of NRM,
scientific robustness still catching up



BNs — some examples

Flexible and adaptive modelling tool
Excellent communication tool

No single method or purpose for
building models

Let me show you....




Conceptual models =
Quantitative Models

Case Study example:

Blue Green algal booms
(Anabaena) in Burke Weir

= Data-driven model



Bayesian Networks (B NS)
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Purpose: Predicting & managing blooms

Webb & Pollino




Model sensitivity =
Ranking / prioritising risks

]
Case Study example:

Native fish in the Goulburn Catchment
= Data and expert-driven



Fish
Network

-5 sub-networks
Water Quality

Flow

Structural Habitat
Biological Interactions

-2 query nodes
Fish Abundance
Fish Diversity

-23 sites
6 reaches

-2 temporal scales
1 and 5 year changes

Pollino, Woodberry, Nicholson, Korb, Hart
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Complex Models = Simple
Models

]
Case Study example:

Black box (Eucalyptus largiflorens)
depressions on the Murray floodplain

» Data and expert-driven



Black box Network (complex)

( Region Landuse )«
Informetion ce




Black box Network (simple)

Information Source

CSIRO 38.0
Roberts  17.0
MWWG 0+
MDFRC 1.82
MFAT 118
Other 31.3

Region
Denimein 121
Wakool 0+
Cadell 0+
Berriquin 0.61

Murrumbidgee 25.9
SA Chowilla 535
NSW Chowilla 0+
Other 18.8

Receives irrigation drainage water?

L Receives environmental water?

Regulated_River

no 82.8
yes 17.2

no
yes

95.7
4.28

nung|

yes 87.2
no 128

Recent Flooding (natural or artificial)?

yes
no

69.5
30.5

101+14

Purpose: Educational tool




Multiple Hypotheses /
Models = Single framework

]
Case Study example:

Eucalyptus camphora in the
Yellingbo Nature Conservation
Reserve

» Data and expert-driven
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Purpose: Exploratory (conflict, gaps & future directions)



Important variables*

Uni of Melb Consultant Integrated
assessment assessment model
Soil NO, Soll cations Pests
Pests Inundation Soil NO; & PO,
Soll cations Water quality Soil type
Soil type Drainage, Watertable
channelisation |depth
Soil PO, Pests Soll cations

* Sensitivity Analysis




Risk Assessment =
Prediction & Scenario Analysis

]
Case Study example:

Mine operation scenarios
» Data and expert-driven



Lots of data

Focus on
management
Data from Mine Input actions
OKARD & (Waste Rock and Tailings)

ARD

Metal Il?elease

N

OkChem Data from
/ HEC-6

Channel
Aggradation

v

Accumulation

Toxicity

Habitat Reduction

Reduction in Fish Edibility

N

Reduction in Fish
Availability




Little data

Expert elicitation & targeted research / monitoring

Focus on
management

Data from Mine Input actions
OKARD & (Waste Rock and Tailings)
OkChem

Data from
HEC-6

MetaiRelease

| ‘,

Toxicity Habitat Reduction Light Attenuation

— ~5 Vv el

Reduction in Algal
Biomass )
Pollino and Hart
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