National

SCieNCE

Challenges

- -
-

SUSTAINABLE

SEAS -
"w

Ko ngd moana
whakauka




Today’s management reality

e .. A s ~ o .‘
- Wty e




EBM: Multiple stressors and multiple subjects

Quantitative — —

A )
Level 3 Quantitative Scenario Analyses Evaluate recovery actions and
= with trajectories & error distributions management reference points;
T T estimate cumulative effects
B o Spatial planning;
Level 2 Vulnerability Assessments 9,
with data & expert opinion research scoping;
= T T identify interventions
- Indicator Evaluation gR:gi:nZ(I:rz?sning,
based on expert opinion ysis,
Y Level 1 RRILOP management context
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Class 1
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Single pressure, Single pressure, Multiple pressures,
single subject multiple subjects multiple subjects
<l A .
- »~
direct interactions direct + indirect interactions

From Holsman et al 2017. An ecosystem-based approach to marine risk assessment.
Ecosystem Health and Sustainability.

Consider cumulative effects
Recognize ecological complexity
Consider multiple knowledge

types



Can the risk assesment approach...?

; ; Multiple values Multiple ecosystem Multiple knowledge
approach to risk and uncertainty g
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8 S Include multiple values? Assess risk to multiple Incorporate different knowledge
< (ecological, social, cultural, ecosystem components? types? (numeric, qualitative,
economic) Indigenous knowledge)
Indirect effects Feedbacks Interactions
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Roceived: 1 July 2021 | Revind: 26 Novmber 3021_| Accepted: 17 January 2022 §
DO lo111/csp2 263 o Produce spatial outputs? Produce temporal outputs? Incorporate location-specific
PERSPECTIVE S b B . WILEY (maps) (changes through time) contexts?
Recovery Threshold values Uncertainty
Risk assessment for marine ecosystem-based
management (EBM) “
Dana E. Clark' © | Rebecca V. Gladstone-Gallagher’ © | Judi E. Hewitt**© |
Fabrice Stephenson® © | Joanne I. Ellis* ’
L
See Clark et al 2022
Seperately evaluate recovery? | Explore threshold responses Estimate uncertainty?
(not combined with impact) in outputs?
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Four step process

Recommendations

We recommend more standardsed best
practice risk assessmant mathods to account
for broader values, multiple activities and
strassors, and cumulative effects. Specifically,
we recommend you follow four Important
steps,

¥ ldentify perceptions of risk.

D Identify the best risk assessment method
and tools to support your decision-making
processes,

» Consider uncertainty.

P Link risk and uncertainty information with
management decislions,
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Step 1: Identify perceptions of risk

RISK and UNCERTAINTY
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Worldviews influence people’s perceptions of risk and uncertainty 2
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Ask: What worldviews do | identify with?
Then: What risks make sense in my worldview?

e N it

What risks make sense for other worldviews?

» People perceive risk and uncertainty in
* di d value diff t thi
sy ——— o b iverse ways and value different things
underghand risk? wt "r a . . .
e e, this generates conflict over desired
' outcomes
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Ask: How have | been taught to understand Ask: What positionalities do | occupy now and
risk through my aeducation and training? at other times?
Then: How does this affect the way | think Then: How does where | stand atfect my
about what is risky? perception or risk?
What might people who have been trained ‘What might other people think is risky because

in different disciplines think is risky? of their situation?




Step 1: Identify perceptions of risk

Guides to identify:

» How are indigenous peoples’ values and roles
considered?

» What is considered evidence?

» What balance of rights are supported?

» What RA methods are appropriate?

See GD: Addressing Risk and Uncertainty in decision making
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Step 2:
Identify the best method

» Don’t let the method constrain
the process

» Make sure you can use all
available relevant information

» Hierarchy - depending on
outcome complexity and risk
level

See: Addressing Risk and Uncertainty in decision making

Knowledge
Complexity type
Qualitative
Low
Multiple
Multiple
Medium
Quantitative
Qualitative
Multiple
High
Quantitative
Multiple
Very
high

Quantitative

Information
requirements

Low

Medium

Low

Medium

High

Medium

Low

High

Low

High

Outcomes

Medium

Medium

Low

Medium

Medium

High

Medium

High

High

High

Time/cost to
implement

Low

Medium

Low

High

Medium

High

Medium

Medium/High

Medium

High

Medium

Medium/High

(Very) High

Approach

SICA - Scale-Intensity
Consequence Analysis

PSA - Productivity
Susceptibility Analysis

Outputs and
interpretability

LC - Likelihood-
Consequence

SEFRA - Spatially Explicit
Fisheries Risk Assessment

SAFE - Sustainability

Assessment for Fishing Effects

Q0
o

ERFA - Ecological Response
Footprint Analysis ®©
System Mapping - Qualitative @
Network Models or ‘Loop analysis’

Agent based models - Dynamic
interacting rule-based models

@00

CE models - Cumulative Effect models e
using generalised linear models

MSE - Management
Strategy Evaluation

MDP - Markov
Decision Processes

©00©
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Effect principles

CE principles - Cumulative

@O

BN - Bayesian
Network

©
®©q

Atlantis - Ecosystem model

(biophysical, social and
economic data)
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«— Consequence

Likelihood

Trivial
Minor
Moderate
Major

Rare

Severe

BOX 1: Likelihood-Consequence (LC)

Key applications in New
Zealand

Method description

Key advantages

Produces a matrix of Used to assess risks associated ¢ Easy to setup and run

likelihood and consequence with: * Multiple knowledge types
for each activity ® Species invasions * Highly flexible
® Fishing ® Can categorise data quality
* Cruise ships * Easy to communicate
 Qil spills ® Can produce multiple output
* \Wastewater overflows types

® Land-based coastal stressors

Key references: Campbell and Hewitt, 2013; Heath 2014; Campbell and Gallagher, 2007; Johnston 2019;
Bermingham 2015; Johnston 2017; Robertson and Stevens, 2012; Stevens and Robertson, 2017; MacDiarmid
et al. 2012

Unlikely

Possible

Likely

Almost certain




Fishing Seafloor
method habitat

BOX 5: Bayesian Networks (BN)

Key applications in New
Zealand

Key advantages

Method description

Probabilistic model that Used to assess risks associated * Highly flexible
graphically presents a set of with: * Multiple knowledge types
variables and their * Benthic impacts of fish farms e Quantifies uncertainty
interdependencies * Effects of multiple stressors ¢ Easy to communicate //
on estuary functioning e Can produce multiple outputs
* Effects of multiple stressors « Spatial predictions possible
on fish populations RISK
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Key references: Marcot et al. 2019, Bulmer et al. 2019, Kaikkonen et al. 2020
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Spatial BNs Temporal BNs

Geo-data Seafloor habitats

Fishing methods

Python

script

Bayesian
Network

Probability

distribution II

Environmental risk
Spatial
output



Step 2: Obtaining the basic maps

» Unstructured conceptual mapping

» Structured systems mapping

More people Land development

Metal
contaminants
Nutrients
Suspended

Sedimentation sediment

Birds
Burrowing
Algae deposit
feeders Cockles/pipis
Phytoplankton Jmussels
Fish diversity /
Ecosystem
health Water Clarity
Sediment Intertidal Biodiversity
mud content smells Farm
productivity
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Step 2: Obtaining the basic maps
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Step 2: Obtaining the basic maps

e Unstructured conceptual mapping —h
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» Different knowledge types

» Diverse components- what’s
important locally

> Diverse outcomes- what are the
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Step 3: Consider uncertainty

] Risk of ecobogical shify € Uncertaimy

» The perfect data does not exist - § E
decisions need to be made § §
> We're often more uncertain at : g
- - 3 3
medium risk areas than at low and § §

h ig h Spatial extont of ecosysten responie Pco:':m Spatial estent of ecosystem eesponse 'oot;nt

Level of risk Leved of encertainty
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Step 4: Link to management decisions
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o~ ol W Slow structural components Lo High
Fishing pressure ————- .\
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1 ® @® Ecological network structure
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Processes that regulate resilience
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Number of stressors
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weather g -
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Levels of stressors with unimodal responses

S4 #
K Levels of stressors with non-unimodal responses
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_Poor water
quality/sedimentation .‘/. Number of points of impact and indirect effects

S6 #
Size of impacted area
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See GD: Addressing CE in marine management decisions Challenges
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