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THE ANTHROPOCENE

The Anthropocene defines Earth's most recent geologic time period as being human-influenced, or anthropogenic, based on overwhelming global
evidence that atmospheric, geologic, hydrologic, biospheric and other earth system processes are now altered hy humans.

The line corresponding to 1950 hiohlights the Great Acceleration, the post-World War IT worldwide industrialization, techno-scientific
davelopment, nuclear arms race, population explosion and rapid economic growth,

These graphs were compiled in a publication of the International Geosphere-Biosphere Programme (I1GBF).
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Aquatic Revolution

= 50,000 = 10,000
years ago

McCauley et al 2015 Science



Looking at cumulative risk

Qtow ,
Legend

0 . Source of impacts: High, Moderate, Low

Reef

Anthony et al 2013 %



Need for integrated assessments

Derivatives
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Poledna et al 2015 Journal of Financial Stability
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Need for integrated management

Ecological, Economic, Social objectives

All best met

Good for many

Sufficient for many

Meet few

Integrated management

Poor across all

Manage in space or time
Add other dimension

Do nothing

Fulton & Gorton 2014 %



Role of the human dimensions

2000

1 Biological and ecological - [ Carbon Dioide
— distribution, composition & productivity I
change; thresholds
2 Behavioural, cognitive and social
- flexibility & personality; intuition & perception
cultural influence 900 |
3 Governance and regulation
— supportive vs constraints & delays (hardship
potential)
4 Economic and markets o0 |
— compound barriers; larger operators typically
have more capacity
5 Technological or
- facilitate change vs lock in maladaptive 20 | _
behaviour; info access s

6  Scientific %
Fulton & Gorton 2C14
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Role of the humans

" Adaptation & innovation
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Role of the institutions

" Formal institutions shape:
- economic growth & investment

- risk-taking

Aron 2000, Meye & Diez 2013, Dobinger et al 2015, Miranda et al 2015



Australian Example - Torres Strait

Plaganyi et al 2013, van Putten et al 2013 @



Australian Example - Torres Strait

( Pre-season survey )—>( Lobster abundance )<—(

Cost related drivers

(Prlvate freezer

( Hookah ownership )
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commercial catch
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Price related drivers
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/
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Australian Example - Torres Strait
( Pre-season survey )—>( Lobster abundance )<—( Non-indigenous —(SEC ﬁshery)

commercial catch

Cost related drivers i : Papuan )
Price related drivers
(Private freezer\ ( Hookah ownership ) e N\ N\
\)
Function: . . ] | . .
ree. ™ Objective: more full time indigenous fishers D
. = ther
( — (use olympic quota, ITQ, community quota ?)
Authority (5) ster
\ — D
N " Assumed: economic drivers = key

Community t
knowlec

Community . .
( models  Actually: socio-cultural & infrastructure

]

(Working age

\J } A HICIVCTILUL TTUUICT VI
| k payments )

Social capital )

Profit drivers\ 1 ( Tradition & culture )/

.V A" 2\
(Full time fisher Part time fisher ( Casual fisher




Australian Example - Torres Strait

" Full time fishers
— Economics (profit) is a driver
— Social capital important too (crew, freezers)

Returns from
fishing
Crew
availability

Social capital
Profit drivers

Full time fisher




Australian Example - Torres Strait

" Part time fishers

— Socio-cultural is key ( weather )
J

Ease of catching
lobster

Socio-cultural
drivers

Government Full tme
employment scheme alternative i mcome
Incidental household

payments

( Tradition & culture

A"J 2\
Part tlme fisher ( Casual fisher

— Ease of access vs other income




Other factors

" Mood |
- judgement severity [ ’
- risk taking ‘ "

" Gender

" Political leanings

" Culture

* Framing

" Personality (patience, optimism, ethics)

Cameron 2000, Ariely 2008, Kahneman 2011, Delis and Mylondis 2015



Use, management & modelling:
similar natterns of evolutlon
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Use, management & modelling:
similar patterns of evolution

Sector-based Exploitation
management

Entire
system
(EBM)

Resource
system
(EBFM)

Resource
& drivers
(EAF)

Resource
(Fisheries)

) =) ) m—)
) =) =)

Base figure: NOAA @
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Cllmate Habitat Predator

Climate Habitat Predator




Use, management & modelling:
similar patterns of evolution

Sector-based Exploitation
management

Entire

system
(EBM)

Resource
system
(EBFM)

Resource
& drivers
(EAF)

Resource
(Fisheries)

) =) ) m—)
) =) =)

Do 4"

Fisheries ~ Development Energy Eco Tourism Oil & Gas Integrated

OFMEI0

Conservation Marine Sanctuaries Aquaculture Etc

Climate Habitat Predator
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The eco bits

Waste
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End-to-end = the other bits 2 ™

& Markets
&9 Social networks a. '« | @ Energy @ Trade
&9 Attitudes i s & Costs
& Behaviour & decisions, ) i & Revenue

& Investment
Q Monitoring

QAssessments ol Agrlculture
Q Control Rules

@ Regulation

i &) Catchments

| QNon renewable
™ Resources (oil,
gas, mining)

/@) Fisheries

Urban (& residential
&) development
& infrastructure

(including ports) @ Land use o (commercial &

X

recreational)
\

Limits \u\t\ ik

Governance
Integration & feedbacks

_ @ Population @



How to achieve integration?

" Desirable interconnection




How to achieve integration?

" Usual experience




It Is Easy...
FIELDS arrAnGED BY PORITY
=
MORE PURE
SOCIOLOGY 1S PSYCHOLOGY 1S BIOLOGY 19 WHICH 1§ JUsT OH, HEY, T DIDNT
TUST APPUIED JusT APPLIED TUST APPLED  APPLED PHYSICS. SEE YOU GUYS ALL
Pﬁ?tHr:rLr::Gv Baﬂmw EHEHETET’ IT'S NICE TO THE WAy OVER THERE.
BE ON TOR L
F’HYSIGETE MATHEMATICIANS

SDE'ELGGIHS P&?EHULGGlaTs BJCmG:ETS EHEHlSTS

" Do not be frozen by fear

" Humans are not special
" We learn most from mistakes

I ©



It Is Easy...

1

MATHEMATICIANS

1% G

SDEIGLGGIE-TS F’&‘fﬂHﬂLﬂﬁlaTs E”C'LE&GIEE CHEMISTS F’HH’SIQETE

" Do not be frozen by fear
" Humans are not special
" We learn most from mistakes

E—— )



Models Bring Data & Ideas Together

(' Traditional |
owner ( h
- N (indigenous) Conceptual
Biological data knowledge : models
1 4
(abundance, L )
habitats, - N *
processes) Scientific f \
> g knowledge Qualitative
4 A N y, models
Use data
(e.g. fisheries, [ h \ y
tourism) —» Regulatory +
N J knowlegde - N
. y Quantitative
P N models
Community \ J

knowledge @



Approaches

" Make use of innovation phases

4

Q

.............................. Generation

Imitation

Copying

-\Borrowing

Popov and Vlasov 2015 %




Approaches

" Diversity of options

Ingt?sr:fy& @
Urban
- qualitative

- statistical ’ ‘
- stocks & flows
- differential equations @ ‘

- agent based (and @
hybrids) @
Model from: Anthony et al (2013)

E—— )



Ok there are issues ...

SUCCESS




Linking the sub-systems

" One vs two way coupling

Fishery
-
Y .
[N |
% L/ y:»/
Industry statistics
PP /
Stocks

o

\_\ ]
':,JLI

Decision rules

" Best management = quotas or economic levers (mostly)

Fulton et al 2014 @



Linking the sub-systems

" One vs two way coupling

Fishery
-

7

a3g
-

Stocks
L —

Monitoring

l;’ .ILI Lobby groups

Decision rules

" Best management = quotas + spatial + gear (+ social)

Fulton et al 2014 @



Scale interactions

" Hierarchy of change (cross scale interactions)
" Path dependency

Patch Local Regional

Ecological

Economic

Social/Cultural

Kinzig et al 2006 @



Handling multiple scales

Patch/Individual Local Regional Global

Physical Stressors Storm Wea_lther & Climate

Climate

Ecological : Feedln_g Connectivity Productivity Biogeo-
interaction graphy
Economic H9usehold Fishery Economy Trade

income

Social/Cultural Families Land use Geography Migration

Regulation T State )
Management & Voting Municipality Government Conventions

E—— )



Physical and Chemical Models Span Most
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Handling multiple scales

Patch/Individual Local Regional Global

Physical
Ecological

Economic

Social/Cultural  The great challenge for the next several decades will be

to advance understanding of social systems in the same

Management way that the past century has advanced understanding
(& institutions) of the physical world.

Jay Forrester (1987)

&

Modelling weakest at intermediate scales & for socially related



Handling multiple scales

Patch/Individual Local Regional Global
- .
Physical G rowl ng
capacity
Ecological - especially biophysical
* Data poor
Economic 0 NOisy
- model & data
Social/Cultural - process overlap
- management sSuccess
Management
(& institutions) " Cross-scale hard

to do well

E—— )



Modelling people

" Greeted with suspicion (considered too complex)

system model

[ 1 Often useful
complexity

Complexity Assume
Required

Level of knowledge on topic

E—— )



Modelling people

" Greeted with suspicion (considered too complex)

——-"N

Explode .’\
because of LS
uncertainty

Reductionist

Bifurcate based
s, on thinking type

Yoo, Synthesiser

Complexity Assume
Required

Level of knowledge on topic

E—— )



Modelling people

" It is possible (or advertising wouldn’t work)

Basic Actor (or Experience

human =l |ocation) =i Meta-Impacts  umm and

. uncontrollable
collective contextual ( ) response

needs needs

Orrell & McSharry 2009 @



Agent based models of behaviour

=g .
_~ Tourists

Fulton et al 2011



Randomness

"Too efficient = clump & poor performance
"Some inefficiency = sustainable & at target
"Lesson = Mistrust undoes everything

Little & McDonald 2007




Modelling people

" Business world is paying attention
- network economics (models) exposing cascade
failure
- ABM model saved Proctor & Gamble $300 mill USD

- health & defence etc to

Shawn Brown (psc.edu)

Orrell & McSharry 2009 @



Modelling people

" Multiple methods and data sources useful

| assessment |

1
i Sample data '
! 1
' n-[ Agent attributes } !
! Social Artificial i
I ocia S /_J_\ ; !
i > urveys Mda population |
! Network . 1
| _J Vs ~ Census data Clustering !
' A M1 i Regression Agent !
1 - - 1
' Expert COE:’:::D“ o attributes :

k led
E nowiedes M4 knowledge M5 E
: S Agent classes Clustering Dasymetric Proportional '
| MOdel_ Participant & structure of Expert mapping clon !
: formulation observation agent Kncwicdas ; oning !
| behaviour Adgent types I
\ Laboratory [ 9 typ ] Census data !
! experiments A v . M£4b Expeort !
' 1
| Interviews é M3 Clustering knowledge !
I 5 1
! Roleplaying Survey R"—';Pr:.?:"'g et Monte Carlo }
i . - /

! \ 4 L gsmeenyy Interviews Correlation \
: _ Time series Expert Agent :
| Agent Field knowledge behaviour || |
! environment experiments Expert o 1
| knowledge Participant !
] Participant observation 1
' observation Literature ;I—/ :

1
i | ._[ Agent behaviours ] |
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Modelling people

" Multiple methods and data sources usefu
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Modelling institutions

" Hard as mix many ‘fuzzy’
human aspects & data poor

" Important for considering
adaptive capacity of
institutional arrangements

- explore management
options given current
institutions

- highlight when institutional
change needed

E—— )



Modelling institutions

Conservation

" Hard as mix many ‘fuzzy’
Renewable
human aspects & data poor EnE
" Important for considering
Ecosystem

adaptive capacity of s
o o o anagement
institutional arrangements

- explore management
. . & Gas Catchments /.
options given current vl

institutions

Aquaculture

- highlight when institutional
change needed
- warn of change barriers

E—— )



Uncertainties - Extreme events & Variability

" Lots of kinds of uncertainty
- parametric, structural, “known unknowns”

" Hardest = step-change, extreme events
“Amistics” (Neal Stephenson




— o e m m e e s e e e e e e e e e e EE R EEREEE EEEEE EE IS

+°  DESIGN & SIMULATION CYCLE .
[ ANALYSIS \
BIOPHYSICAL
N
DEFINE HUMAN USE
OBJECTIVES ™= (INDUSTRY)
MONITORING
PERFORMANCE & REPORTING
MEASURES €=  IMPLEMENTATION
‘ & PSYCHOLOGICAL
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JUDGING OUTCOMES
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Management strategy
MANAGEMENT /

& DECISION MAKING
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Systems perspective + Adaptive Management Cycle



Management Strategy Evaluation
8 Fisheries U T~

i management 09

L Fleet dynamics

(movement, site

T i selection)

Harvest

T (selectivity)

Relative Spawning Biomass (B/Bq5)
|
///
N
|
/
(
|
/
/
\
N
N\
N
A\
\\ A\
[
|
\
w >

(
|
‘

%

i

|

A

Biomass in sanctuary zones with no shoreline fishing in sanctary zones
Population 0.2 Biomass with quotas, or outside santuary zones under 2006 status quo or when no inshore fishing in sanctuary zones
A Biomass in sanctuary zones with 2006 status quo, or increased effort, spatial management, education or compliance
dynamics . - e X . X
Biomass outside sanctuary zones with increased spatial management, education or compliance
0.1 E Biomass outside sanctuary zones with increased effort
0.0
1965 1975 1985 1995 2005 2015 2025
Reef Yea
habitat

" A tool useful for exploring uncertainty
- tests for the primary uncertainties

- includes robustness tests for more unlikely scenarios

Little et al 2007, Fulton et al 2015 @



Pragmatic reality

" Multiple model uses
- forecast & understanding

- different roles in different
situations
(tactical, strategic,
simple, complex)

" Multidisciplinary approach
overcomes individual pitfalls e
- no one true model, embrace
multiple perspectives

England 1993, Orrell & McSharry 2009, about a gazillion modelling papers...



Keeping your sanity

L}

me
T 2 E“']
D falhgtiw = =0

"*Minimum realistic” a good option @



System thinking (regardless of final method)

Environmental (Physical/Habitat)
B. 4 Cyclones )

A. Ecological

Sharks Crocodiles

Seablrds

/Juv. Bananas

Epifauna

Meiofauna
\_ Microphytal Benthos

N

; King Sé'lmon/B:ri?mundi ,
Discards '
f Grooved Tigers| .

Rainfall

O Nutrients
O

River Flows OOxygen
O Salinity Mudflats

Tidal Exchange

Untrawable
Grounds

O

O O
O

Mangroves

Seagrass
O )

C.

Human Component

/Fleet Dynamics Uy FLShIrIg\

O Recreational
O Fishers Land Use

Market Price O
Anthropogenic Effects
D Aquaculture
* | Fishing Mortality Port Production
O Infrastructure O
------------------------------------ N J
Management

E.
[Total Allowable Catch

EPBC Act

Gear Restrictions O

" Think broadly

- useful for many models
(not just system models)

- Key players
- Light touch on all

® Intermediate complexity
" Tactical & strategic models

I OSpatial Closures O j — @



Uptake - the REALLY hard bit

" Lack of Time (& resources)
" Inappropriate trust
- too much, too little

- trust mental models
(mix of emotions & function)

- multiple (inconsistent)
models held simultaneously

- question model value before
own assumptions

- static past, now, future rather
not a dynamic view

Image: pitstop@theasggroup.com




Distrust of models

" Familiarity & trust
(competency, integrity, warmth)

" Easy to blame the modeller
(nerds still aren’t cool)

" Science = one voice (how much
relative trust to place in it?)

" Honest broker and
participatory approach
misunderstood

You're in the pocket of...
<insert disliked group of choice>

E—— )



Summary

" Crowded space & conflicting objectives

" Maths = universal language across socioecological
" Models for synthesising information & providing options)
" New challenges

- Modelling new scales & components

- Alternative (e.g. hybrids) required

- Building trust & resources

" No right model so have a go!




Thank you
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