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Executive summary 

A review of risk assessments currently used in Aotearoa New Zealand revealed 

that, except for Bayesian Network models, most presently used risk assessments 

are not fit-for-purpose to support Ecosystem-Based Management and the needs 

and aspirations of Māori. Internationally, the area of risk assessment is under 

development, with no standard methods yet completely useful for Ecosystem-

Based Management. We recommend a mixed approach for future use and 

testing in Project 3.2 that focuses on developing a three-level hierarchical 

framework, based around Bayesian Networks for the two simpler levels.  For the 

highest level, we suggest testing two different approaches: highly mechanistic 

biophysical models with separate social models; and a Coupled Natural Human 

model. 

Managing the multiple and cumulative effects of human activities in marine ecosystems is one of the 
most complex problems facing environmental decision-makers today. Globally, ecosystem-based 
management (EBM) has been advocated as a holistic and inclusive way to manage the competing 
demands on our marine environment. Central to decision-making within an EBM context is the need 
for methods and frameworks that can assess risks (and their associated uncertainties) arising from 
multiple and cumulative pressures. The uncertainty associated with complex ecosystem responses to 
pressures is often very high, primarily due to difficulties in collecting baseline knowledge and in 
understanding how ecosystems respond to pressures against a background of environmental 
variability and climate change.  

This report aimed to identify, through a literature review and discussion with project co-development 
partners, the utility of risk assessment methods presently used in Aotearoa New Zealand (Aotearoa 
NZ), and the frameworks and methods used internationally, for supporting EBM, including the needs 
and aspirations of Māori. The results of this report are intended to be used to determine methods or 
frameworks to use for future work in Sustainable Seas Project 3.2 Communicating risk and uncertainty.   

Workshops with iwi and stakeholders interested in Sustainable Seas had previously identified for 
Aotearoa NZ: i) two general methods for assessing risk: Likelihood-Consequence and Bayesian 
Networks; ii) three fisheries methods/frameworks: Management Strategy Evaluation, Spatially Explicit 
Fisheries Risk Assessment, and Ecological Risk Assessment for the Effects of Fishing; and iii) a set of 
approaches for assessing marine biosecurity risks. A literature review did not find any other risk 
assessment methods that were widely used in Aotearoa NZ. 
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The six risk assessment methods were assessed against 10 criteria that were considered important for 
supporting EBM in Aotearoa NZ, including the needs and aspirations of Māori. These criteria were the 
ability to; 1) assess risk to multiple ecosystem components; 2) include indirect effects; 3) estimate 
uncertainty; 4) accommodate different knowledge types; 5) assess risk to social, cultural, and 
economic values; 6) model interactions; 7) incorporate feedbacks; 8) produce spatial outputs; and 9) 
produce temporal outputs. Our final criterion was an assessment of the complexity of each 
method/framework, as an indication of how easy it would be to communicate model outputs and how 
much data, money, and time each approach would take to set up and run.  

Of the risk assessments currently applied in an Aotearoa NZ context, only Bayesian Networks (BNs)met 
all 10 criteria required for EBM. This approach was highly ranked by research co-developers, many of 
whom had experience in seeing BNs being applied, for informing EBM and supporting Māori values 
and aspirations. Other methods were generally capable of meeting some of the criteria, but often 
their application in Aotearoa NZ did not do so or would require adaptations to do so. Criteria generally 
met included the ability to incorporate multiple types of knowledge, estimate uncertainty and produce 
spatial outputs. However, most of the methods/frameworks were not able to cope with interactions, 
feedbacks and indirect effects very well and few were able to assess risk through time or produce 
diverse outputs reflecting ecological, cultural, social or economic values of interest. Additionally, many 
of the studies we reviewed failed to account for non-linear dynamics in ecosystem response and 
recovery and could not identify threshold responses.  

Internationally, we found no methods yet available that fulfilled all 10 criteria required for EBM, but 
some frameworks and methods under development. These can be categorised as: cumulative effect 
assessments; hierarchical frameworks; and Coupled Natural Human models.  

• Cumulative effects assessments are currently being extended to assess biophysical risk from 
multiple pressures, allowing for multiple knowledge types and ecosystem components, non-
linear, indirect and interactive effects and feedbacks to be incorporated. Notable 
developments include the application of cumulative impact maps where the probability and 
the related uncertainty of cumulative impacts under different scenarios can be analysed, for 
example using spatially explicit BNs. 

• Hierarchical frameworks usually have three levels and move from simple risk assessments of 
a single pressure on a subject (Class 1) to more complex assessments of the reciprocal and 
cumulative interactions among multiple pressures and multiple subjects (Class 3) which can 
be data-driven or mechanistically modelled. Different types of data are often used in the 
different levels. 

• The frameworks above generally focus solely on the biophysical ecosystem or consider the 
biophysical and social systems separately. For the latter, separate ecological risk and socio-
economic analysis are conducted sequentially and then weighed against each other where the 
individual and joint risk to both the human and natural components of the system are 
considered. Coupled Natural Human conceptual models evaluate the risk to human and 
natural components of the system simultaneously and have the potential to amplify or 
attenuate risks from a given pressure. However, there are very few examples of studies that 
include dynamic feedbacks between social and ecological components of the system.  
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The outcomes of this review and workshop discussion may inform the selection of tools/methods that 
will be used in subsequent research in the Sustainable Seas Project 3.2 (Communicating risk and 
uncertainty).  
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1. Introduction 

Human activities both rely on and affect our environment. Understanding how multiple human 
activities impact our coastal and marine ecosystems is one of the most urgent and complex problems 
facing environmental decision-makers today (Davies et al. 2020). Globally, ecosystem-based 
management (EBM) has been advocated as a holistic and inclusive way to manage the competing 
demands on our marine environment (Arkema et al. 2006, Ruckelshaus et al. 2008, Long et al. 2015). 
EBM is an integrated approach to management that aims to address the full suite of interactions and 
relationships within ecosystems, including the impact humans often have on these systems through 
multiple and cumulative activities (Sustainable Seas 2018). EBM in an Aotearoa New Zealand 
(Aotearoa NZ) context must consider the role of Māori as partners to the Crown under the Treaty of 
Waitangi, and their right to be included in planning and decision-making. This requires decision-
making tools that can incorporate Māori world views and facilitate communication with a range of 
end-users.  

Effective implementation of EBM in the marine environment relies on an estimation of how marine 
ecosystems respond to cumulative anthropogenic effects. However, uncertainty in direct ecological 
responses to pressures is often very high, primarily due to difficulties in collecting baseline knowledge 
and in understanding how ecological functioning responds to pressures against a background of 
environmental variability and climate change (Hill et al. 2007, Hewitt et al. 2016). This uncertainty is 
further extended by a lack of understanding of how direct effects propagate through ecological and 
social systems to create indirect effects on ecological health, economic health and social and cultural 
values (Holsman et al. 2017). Making decisions in the face of uncertainty is challenging because 
outcomes may differ from predicted outcomes, which may result in management failures or decision 
paralysis (Link et al. 2012, Foley et al. 2019). Indeed, uncertainty is viewed as one of the major 
obstacles to progressing cumulative effects management in Aotearoa NZ (Foley et al. 2019). 
Consequently, decision-making tools that can communicate the degree of uncertainty associated with 
a particular decision are urgently required. 

Uncertainty may arise from multiple sources, including epistemic causes associated with knowledge 
of the state of a system (e.g., resulting from measurement error, insufficient data, extrapolations, 
interpolations, natural variability over space and time) and linguistic causes associated with 
ambiguous, context-dependent or vague vocabulary (Regan et al. 2002). Natural variability is a 
significant source of uncertainty in the management of natural resources. This refers to any 
observable change in a state variable that occurs in nature, including differences among populations 
within a community, changes in spatial distributions through time, density-dependent or independent 
variation, seasonal or interannual variability in realized environmental conditions and so forth (Link et 
al. 2012). Natural variability can arise from random differences associated with environmental 
stochasticity or individual differences (process noise) or endogenous or exogenous factors (Turchin 
2003). Endogenous factors are the biologically or ecologically driven feedbacks that affect variables. 
Exogenous factors are externally driven trends, oscillations, or step changes in the environment (e.g., 
changes observed with seaonality or between year variability due to changes in oceanographic 
conditions; Link et al. 2012). Sources of uncertainty can be classed along a spectrum of complete 
certainty to total ignorance, with five intermediate levels (Walker et al. 2013). At an intermediate 
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level, there may be a range of possible consequences, but we can assign a probability to each of the 
alternatives or rank the likelihood of their occurrence.  

Decision-making about uncertain events and their consequences is often carried out via a risk 
assessment process. Risk can be defined in numerous ways (Haimes 2009, Aven 2010) but generally 
refers to the likelihood that an undesirable event will take place and the potential consequences that 
may arise as a result (Holsman et al. 2017). As part of the Phase I Sustainable Seas Project 5.1.3 (Risk 
and Uncertainty), Inglis et al. (2020) undertook a comprehensive review of analytical tools and 
processes that can be used to support risk assessment. These range from simple, qualitative 
assessments in which risk is expressed as categories (e.g., high and low), to quantitative assessments 
that use empirical data to model risk and approaches that explore a broad range of possible future 
scenarios (Inglis et al. 2020). A specific focus of Inglis et al. (2020) was to review methods that 
addressed deep uncertainty (for further information on these specific tools see Section 6.2 in Inglis et 
al. 2020). In presenting risk assessment estimates it is important that underlying sources of variability, 
and therefore uncertainty, are acknowledged. The underlying ecological complexity and feedbacks 
within ecosystems should be recognised and communicated where possible. Uncertainty at other 
stages of the modelling and decision-making process (e.g., arising from inadequate communication, 
unclear management objectives or outcome uncertainty; Link et al. 2012) should also be addressed 
where possible.    

Our report aimed to identify and review existing risk assessment tools that would be suitable for 
supporting EBM in Aotearoa NZ (either as is or with future development), including the needs and 
aspirations of Māori. The scope of this report was guided by findings from Phase I of the Sustainable 
Seas challenge (i.e., the review by Inglis et al. 2020) and a group of research co-development partners. 
Co-development partners included a wide range of stakeholders, end-users, iwi and decision-makers 
operating at a variety of management scales. At a workshop (held in Wellington, February 2019) and 
during the development of the project proposal, iwi and stakeholders identified a list of methods and 
frameworks used in Aotearoa NZ for assessing risk in the marine environment. These included 
Likelihood-Consequence (LC), Ecological Risk Assessment for the Effects of Fishing (ERAEF), 
Management Strategy Evaluation (MSE), Spatially Explicit Fisheries Risk Assessment (SEFRA), Bayesian 
Networks (BNs), and general approaches for assessing marine biosecurity risks. Although we recognise 
that deep uncertainty is an important consideration for EBM, methods for decision-making under 
deep uncertainty (DMDU) are complex and have not yet been widely applied, therefore, our review 
does not consider approaches to support DMDU (but see Inglis et al. 2020 for review).  

The objectives of this report were to: 

1. Search for other frequently used Aotearoa NZ marine risk assessment methods, beyond the six 
described above, and review all the methods against a set of criteria to determine their suitability 
for supporting EBM in an Aotearoa NZ context, including the needs and aspirations of Māori; 

2. Present a summary of the findings from a research co-developer elicitation workshop that 
discussed the usefulness of these methods/frameworks for risk assessment within a kaupapa 
Māori (with regards to Māori values and aspirations) and EBM context;  

3. Present a relevant subset of international frameworks to evaluate whether there are approaches 
that could be integrated into existing risk methodologies to support EBM frameworks for Aotearoa 
NZ.  
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The outcomes of this review and workshop discussion may inform the selection of tools/methods that 
will be used in subsequent research in the Phase II Sustainable Seas Project 3.2 (Communicating risk 
and uncertainty). 

 

2. Literature Review 

This section first outlines the methods and suitability criteria that we used for the literature review. 
We then discuss the suitability of each of the risk assessment methods/frameworks for use in an 
Aotearoa NZ EBM context. We conclude with a summary of our review findings and a discussion of 
other criteria that are important for EBM. These additional criteria capture non-linear dynamics in 
ecosystem response and recovery (refer Table 2.3 for definitions of these criteria).  

 

2.1 Literature review methods 
We identified 120 reports and peer-reviewed journal articles that had applied these 
methods/frameworks in Aotearoa NZ. Of these, we reviewed at least five recent publications for each 
risk assessment method/framework, intentionally selecting reports and papers from a wide range of 
applications where possible. Some methods/frameworks were restricted in their application in an 
Aotearoa NZ context, for example, MSE has only been applied to assess risk from fishing activities. 
Where the Aotearoa NZ application was limited, or we needed more information to assess the true 
capability of a method/framework, we reviewed additional recent (> 2015) international papers and 
reports.  

The criteria used to evaluate the suitability of each of the identified risk assessment 
methods/frameworks for EBM in Aotearoa NZ (Table 2.1) were developed from aspects raised by iwi 
and stakeholders in the Sustainable Seas Phase II strategy development workshops, Sustainable Seas 
Challenge Leadership Team members and research participants from Projects 1.1, 1.2, 3.1, T1 and T3.  

Table 2.1 Criteria used to score risk assessment methods and frameworks for their suitability in supporting ecosystem-based 
management (EBM) in Aotearoa NZ, including the needs and aspirations of Māori. 

Risk to multiple ecosystem components 

Can the risk assessment consider more than two of the following? 

• Physical disturbance 
• Multiple species removal and effects on benthic habitats 
• Changes to trophic levels, productivity and size of important species  
• Alteration of food quantity and quality 
• Species addition (e.g., invasive species) 
• Biodiversity loss 
• Contamination, including behavioural changes and toxicity 
• Changes to ecosystem function (e.g., movement/connectivity, biological traits, chemical 

balances and elemental cycles) 
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Where multiple ecosystem components can be considered, are the components assessed 
separately or can they be assessed in a fully integrative way (e.g., in a network)? 

Indirect effects 

Can the risk assessment include indirect effects on the variable of interest? For example, terrestrial 
sedimentation reduces seafloor primary productivity, indirectly decreasing denitrification rates. 

Estimates of uncertainty 

Can the risk assessment estimate uncertainty? If so, is uncertainty quantified and is it only related 
to data limitations? 

Ability to accommodate different knowledge types 

Can the risk assessments incorporate different types of knowledge (non-numeric, narrative 
information e.g., expert opinion, mātauranga Māori, local knowledge, as well as quantitative data) 
and be routinely used in a variety of knowledge situations and data limitations? Or is quantitative 
data required? 

Includes risks to social, cultural and economic values 

Can the risk assessments provide outputs of values other than biophysical ones (e.g., ecosystem 
services, social and cultural values, economic cost)? 

Interactions 

Can the risk assessment model interactions between different pressures or different ecosystem 
components?  

Feedbacks 

Can the risk assessment incorporate temporal feedbacks between ecosystem components (i.e., 
where changes in one component feedback to affect another component)? 

Production of spatial outputs 

Can the models produce spatially explicit outputs (e.g., maps of risk)? 

Production of temporal outputs 

Can the models produce temporally explicit outputs (e.g., changes in risk through time)? For this 
criterion to be met, outputs from one time period must feed into the assessment for the next time 
period. 

Model complexity 

Is the risk assessment method/framework generally quick to set up and run with multiple scenarios? 
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2.2 Suitability of risk assessment methods and frameworks for ecosystem-
based management in Aotearoa New Zealand  

In this section, we will use a set format to describe the method/framework, its present use in Aotearoa 
NZ, its advantages and disadvantages, and adaptations that would be required to ensures that it is fit 
for use EBM. 

 

2.2.1 Likelihood-Consequence (LC) 

Description	and	use	
LC (Box 1) is used in a wide variety of applications, including ecological and business settings. This 
simple method uses non-numeric and/or quantitative data to produce a matrix of the likelihood and 
consequence associated with each activity. The output is a risk score for each ecological component, 
which is a product of the expected likelihood and consequence of an event. LC assessments can be 
referred to by various names including ‘vulnerability index’ (e.g., Clark & Tittensor 2010) and 
‘Estuarine Vulnerability Assessment’ (e.g., Robertson & Stevens 2012, Stevens & Robertson 2017) or 
more generically as ‘risk assessment’, 'ecological impact assessment’, ‘qualitative risk assessment’, 
and ‘risk matrix’ (e.g., Burgman 2005, Fletcher 2005, Cliff & Campbell 2012, Boyd 2013, Heath 2014, 
Johnston 2017, 2019, Cunningham et al. 2020).   

 

Risk assessments based on likelihood and consequence appear to be the most widely applied form of 
risk assessment in Aotearoa NZ, largely due to their flexibility and the simple model structure. We 
found examples of LC risk assessments applied in many different contexts in Aotearoa NZ, including 
assessment of the ecological risk of species invasions (e.g., Campbell & Hewitt 2013, Heath 2014), 
fishing (e.g., Campbell & Gallagher 2007), cruise ship routes (e.g., Johnston 2019), oil spills (e.g., 
Bermingham 2015), wastewater overflows (e.g., Johnston 2017), and land-based coastal pressures 
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(e.g., Robertson & Stevens 2012, Stevens & Robertson 2017). This method is commonly used for 
assessing coastal risks associated with environmental consent applications, following the EIANZ 
guidelines (Roper-Lindsay et al. 2018). MacDiarmid et al.’s (2012) assessment of the risk of 65 activities 
on 62 marine habitats in Aotearoa NZ showcases the flexibility and wide application of LC assessments 
in the marine environment.  

Advantages	
The main advantage of LC risk assessment is the simplicity of the approach and the flexibility to assess 
risk to multiple ecosystem components (e.g., species, habitats, ecosystem function) using different 
types of knowledge. The LC approach can assess risks to social, cultural and economic values as well 
as biophysical components (e.g., Cliff & Campbell 2012, Campbell & Hewitt 2013, Bermingham 2015) 
and can deal with both non-numeric (most common) and quantitative data (e.g., MacDiarmid et al. 
2012). In some cases, interactions between pressures were considered, though only in a simple 
additive manner. For example, in MacDiarmid et al.’s (2012) assessment of anthropogenic threats to 
marine habitats in Aotearoa NZ, cumulative effects were accounted for by averaging vulnerability 
scores for each habitat. Indirect effects are sometimes informally evaluated through the expert 
judgement of consequence (e.g., Cliff & Campbell 2012, Boyd 2013, Johnston 2019).  

Disadvantages	
A shortfall of LC risk assessments is that they cannot incorporate feedbacks or interactions between 
ecosystem components and when uncertainty is assessed, it is usually only evaluated by categorising 
data quality (e.g., Campbell 2011, MacDiarmid et al. 2012), although quantitative approaches are 
possible (e.g., Clark & Tittensor 2010). No examples of temporally explicit risk outputs were found, 
and most assessments did not produce spatially explicit risk outputs.  

Adaptations	required	
Future application of this method could use hierarchies in the risk matrix to deal with cumulative 
effects (refer Section 4.1 on hierarchical risk assessments suggested in the international literature). 
Adapting the LC method to include spatial outputs, as demonstrated by Bermingham (2015) and Clark 
and Tittensor (2010) also represents a potential advancement for using this method within an EBM 
risk assessment framework in Aotearoa NZ. 

 

2.2.2 Ecological Risk Assessment for the Effects of Fishing (ERAEF) 

Description	and	use	
ERAEF (Box 2) is a hierarchical risk assessment framework developed to manage Australian fisheries 
in the context of Ecosystem-Based Fisheries Management (Hobday et al. 2011). It moves from a 
comprehensive but largely qualitative analysis of risk at Level 1, through to a more focused and semi-
quantitative approach at Level 2, to a highly focused and fully quantitative model at Level 3. The 
different levels of assessment provide a series of filters to screen out low risks, with the assessment 
moving to the next level only if the risk is judged to be above a determined threshold. Five ecological 
components are evaluated: 1) target species, 2) by-product and by-catch species, 3) threatened, 
endangered and protected species, 4) habitats, and 5) ecological communities. These components can 
be evaluated independently and often only a single component is included in a risk assessment if a 
particular focus is required. ERAEF is based on an exposure–effects approach, rather than a likelihood–
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consequence approach, because most fishing activities are considered to be common and deliberate. 
In Aotearoa NZ, hierarchical risk assessments like ERAEF have primarily been developed and applied 
to assess risks of fishing activities on bycatch of threatened and endangered species (e.g., Waugh et 
al. 2012, Ford et al. 2018, Georgeson et al. 2020), and on benthic habitats (e.g., Clark et al. 2011, Clark 
et al. 2014). The hierarchical nature of ERAEF means that it comprises three levels that each use a 
different risk assessment method, and so in our review, we assessed each of these separately (Table 
2.2), but we discuss the benefits and weaknesses of the framework as a whole.  

 

Scale Intensity Consequence Analysis (SICA) is often used in the Level 1 analysis of the ERAEF 
framework. The plausible worst-case impact of each fishing activity on each ecological component is 
assessed using expert judgement and a six-point scale from negligible to catastrophic. The scale and 
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intensity of the activity are each scored (≈exposure), and then the consequence score (≈effect) is 
selected from a component-specific set of scoring guidelines. The output is a risk score that is the sum 
or product of the intensity and consequence scores. Only elements that score > 2 are assessed in the 
next level of the framework. SICA used at Level 1 of the ERAEF can be used to generate risk scores for 
multiple ecosystem components (e.g., Hobday et al. 2011), but in Aotearoa NZ it has predominantly 
been applied to assess the risk of various fishing activities on threatened and endangered bycatch 
species (e.g., Ford et al. 2018). 

Productivity-Susceptibility Analysis (PSA) is often used in the Level 2 analysis of the ERAEF framework. 
Using semi-quantitative data, productivity (i.e., the ability of the unit to recover from impact) and 
susceptibility (i.e., exposure of the unit to impact) attributes are scored from 1-3 (low to high). 
Productivity is usually determined by averaging scores for attributes that estimate the intrinsic rate of 
population increase (e.g., fecundity, growth rate), but it can include attributes that influence the 
ability of habitats to recover from fishing impacts (e.g., levels of naturalness, and connectivity to other 
habitats). Susceptibility is estimated as the product of four attributes: availability, encounterability, 
selectivity and post-capture mortality. The overall risk score for each unit is the Euclidean distance 
from the origin on a two-dimensional plot of productivity and susceptibility. PSA used at Level 2 of 
ERAEF has been primarily applied in Aotearoa NZ to assess the risks that fishing poses to both 
threatened and endangered species (e.g., Waugh et al. 2012), as well as vulnerable habitats (e.g., 
seamounts; Clark et al. 2011, Clark et al. 2014). 

Sustainability Assessment for Fishing Effects (SAFE) is often used to assess fishing effects on by-catch 
species in the Level 3 analysis of the ERAEF framework. Although fully quantitative, this simple and 
rapid assessment can be simultaneously applied to many species in a batch process, making it useful 
for assessing effects on by-catch species. Fishing impact (mortality rate) is calculated by estimating 
spatial overlap between species distribution and fishing effort distribution, catchability resulting from 
the probability of encountering the gear and size-dependent selectivity, and post-capture mortality. 
The fishing impact is then compared to sustainability reference points based on basic life-history 
parameters. We found only one Aotearoa NZ application of SAFE (Holmes et al. 2020), but it has been 
used by Australia and in the High Seas of the Southwestern Pacific (by Australian and New Zealand 
Scientists) to quantitatively assess the risks of fishing on populations of threatened and endangered 
bycatch species (e.g., Zhou et al. 2019, Georgeson et al. 2020).   

Advantages	
Overall, the ERAEF framework is an efficient risk assessment method because it filters out ‘low’ risk 
impacts at lower, qualitative levels meaning that resources are not wasted quantitatively assessing 
impacts with predicted low risks. This aspect also allows a level of flexibility where impacts are either 
assessed qualitatively or quantitatively depending on the data availability and as new data becomes 
available (for example on the efficacy of different management mitigations). Additional levels can be 
added to assess the residual risk (e.g., AFMA 2012). The hierarchical nature of this framework also 
allows model complexity to increase at different levels of assessment so that complex and 
computationally demanding models are only used when deemed appropriate. The framework 
explicitly accounts for uncertainty at the higher quantitative levels of assessment (e.g., in SAFE).  

Disadvantages	
From the perspective of EBM, a management framework that recognises that ecosystem components 
are part of complex interaction networks, the filtering aspect of ERAEF is likely to overlook cumulative 
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effects, where impacts on one component assessed in isolation of other components may present as 
a low risk, but accumulation and feedbacks between components result in larger effects and 
environmental surprises (Thrush et al. 2016). Because ecosystem components (e.g., species 
populations, habitats) are assessed separately from each other, the framework also does not consider 
the effects of indirect effects (e.g., the effects of suspended sediment created by a trawl net) or 
feedbacks between ecosystem components. Generally, ERAEF does not generate spatially or 
temporally explicit risk outputs. Methods within the ERAEF framework are sometimes applied across 
multiple time periods (e.g., Waugh et al. 2012, Zhou et al. 2019), however, we do not consider these 
applications to be temporally explicit because the results from the first time period do not feed into 
the second time period.  

Adaptations	required	
Although ERAEF does not generally produce spatial outputs, PSA (Level 2) has been used to map spatial 
variability in fishing risk to seabirds (Waugh et al. 2012), representing a potential adaptation of this 
method for use in an EBM context. The SAFE method has been recently extended to assess cumulative 
fishing risk, but only using a simple additive model, and could be further adapted to assess risk from 
other activities (e.g., habitat loss and marine transportation) provided their impact in terms of 
mortality can be estimated (Zhou et al. 2019).  

 

2.2.3 Management Strategy Evaluation (MSE) 

Description	and	use	
MSE (Box 3) is not strictly a risk assessment methodology, rather it uses simulations to compare the 
relative effectiveness of different management strategies (Fulton et al. 2014). MSE is the development 
of a rule (or set of rules) that are simulation-tested in a range of possible real-world scenarios that 
include all foreseen combinations of variability, uncertainty, incorrect model specification, and bias, 
and which must meet pre-specified goals chosen by managers, with a probability that they also decide. 
Once the simulation testing is complete, managers evaluate the performance of each strategy against 
the specified objectives. The chosen rules are then locked in and enacted in the real world, until the 
end of the pre-specified period, when the MSE is repeated in the light of any new information or 
change of policy. This method requires quantitative data, and the outputs are usually values of a 
variable of interest (e.g., fish stock biomass) through time, with levels of uncertainty around the 
estimate. MSE can be applied using a range of process-based model types from single-species 
populations (e.g., fish stocks) to ‘whole-ecosystem’ contexts (e.g., using Atlantis models) to determine 
how different management strategies influence different ecosystem components. In an Aotearoa NZ 
context, MSE is primarily used to assess how fishing activities impact fish stock biomass of a single 
species (i.e., a single-sector, single-ecosystem component context; e.g., Holland et al. 2005, Cordue 
2014, Haist & Middleton 2014). Atlantis models have been developed in Aotearoa NZ but have only 
been applied in a single-sector context (e.g., to assess the effects of fishing on the Chatham Rise; 
McGregor et al. 2019, McGregor et al. 2020). An Atlantis model was also developed for Tasman and 
Golden Bay as part of Phase I of Sustainable Seas to test a range of environmental and management 
scenarios (e.g., effects on scallop population dynamics). Outputs from this model have not yet been 
published.    
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Advantages 

MSE has many advantages that make it a useful approach for EBM. The managed system is simulated 
as a whole, allowing trade-offs to be considered while identifying and accounting for uncertainty. The 
explicit quantification of uncertainty focuses attention on robust management strategies that produce 
satisfactory outcomes under a range of future scenarios, reducing the likelihood of unwelcome 
ecological surprises (Sainsbury et al. 2000). The operating model can exhibit time trends and 
incorporate feedback effects, allowing simulation testing of adaptive management strategies and 
outputs to be evaluated through time (Butterworth et al. 2010). However, it should be noted that 
these feedbacks only exist between stock biomass and fishing effort rather than between different 
ecological components of the system, which is essential in an EBM context. In addition to biological 
performance measures, MSE can also consider economic and social objectives (e.g., Dichmont et al. 
2008, Fulton et al. 2014), allowing different values to be incorporated into decision-making. For 
example, an MSE-type approach was used by Maunder et al. (2000) to consider trade-offs between 
reducing fisheries catch and achieving conservation objectives for Hooker’s sea lions.  

Disadvantages	
MSE relies on quantitative input data, is complex to set up and run and indirect effects and interactions 
are not usually considered. Although MSE can be applied in a ‘whole-ecosystem’ context to evaluate 
how different management strategies influence multi-species or ecosystem objectives (e.g., marine 
mammal bycatch, trophic interactions and benthic effects; Sainsbury et al. 2000), these applications 
are uncommon and have not been carried out in Aotearoa NZ. Ecosystem applications using MSE have 
been relatively simple, incorporating only a limited number of uncertainties and ecosystem objectives 
(Sainsbury et al. 2000).  
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Adaptations	required	
The use of MSE in an EBM-context would require the use of highly complex operating models (e.g., 
Atlantis) and they would need to cope with greater levels of uncertainty and complexity than has been 
attempted so far. Model uncertainty could be addressed by executing MSE simulations across several 
alternative operating models (Perryman et al. 2021). However, despite substantial improvements in 
complex problem analysis over recent decades (Gelman et al. 1995), computational constraints still 
limit the range of uncertainties, ecosystem components and feedbacks that can be considered in a 
given model. In addition, many critical decisions, such as the selection and weighting of hypotheses to 
include in the analysis, are not guided by objective criteria or methods (Sainsbury et al. 2000). Thus, 
even if a highly complex model could be created, it would be unlikely to produce scientifically 
defensible or practically useful outputs (Sainsbury et al. 2000, Plaganyi 2007).  

 

2.2.4 Spatially Explicit Fisheries Risk Assessment (SEFRA) 

Description	and	use	
SEFRA (Box 4) was developed in Aotearoa NZ to assess the population-level risk to non-target species 
(e.g., seabirds, marine mammals; Ochi et al. 2018, Sharp 2018, Large et al. 2019, Richard et al. 2020) 
arising from direct incidental mortality in commercial fisheries. The core of SEFRA is a detailed 
Bayesian model. It combines a spatially explicit impact assessment to estimate the level of incidental 
fisheries mortality with a biological assessment of the associated effect on the population, as a 
function of population size and demographic parameters influencing population productivity. The 
primary output of the SEFRA is a Risk Ratio, a measure that can be presented as a single number, or 
disaggregated by species, species group, fishery, fishing fleet, spatial area or even fishing event.  
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Advantages	
Unlike many of the approaches we evaluated, SEFRA can spatially characterise risk and uncertainty. 
The risk assessment is generally static, however, it is possible to model risk through time using an 
assumption of linear density dependence (e.g., Large et al. 2019). Although the model requires 
quantitative data on the spatial distributions of non-target species and fishing effort, the assessment 
does not rely on species-specific population models or comprehensive fisheries observer data. 

Disadvantages	
The SEFRA approach is limited by its inability to incorporate indirect effects, feedbacks or interactions 
between ecosystem components. Although non-numeric data and expert opinion can be incorporated 
into the models, the method primarily relies on quantitative data and is complex to set up and run. 
We found no examples where this method has provided outputs associated with other values (e.g., 
cultural, economic and social).  

Adaptations	required	
Although SEFRA was developed to assess the effects of fishing activities on non-target species, this 
approach could be adapted to assess the effects of additional anthropogenic activities on other 
ecosystem components. For example, SEFRA was recently used to assess the effects of toxoplasmosis 
on Māui and Hector’s dolphins (Roberts et al. 2019) and the method is fully compatible with a spatially 
explicit bottom fishing impact assessment approach (Sharp et al. 2009, Mormede & Dunn 2013). 
Application of this approach to other pressures and ecosystem components would require sufficient 
information to model the distribution of the ecosystem components and estimate the effect of the 
pressures of concern. For example, full implementation of a SEFRA model for benthic invertebrates 
would be limited by the difficulties of modelling their spatial distribution, given the sparse and scale-
dependent nature of species distribution information and environmental data (Sharp 2018) and 
limited information on both responses to other pressures and how they accumulate.  

 

2.2.5 Bayesian Networks (BNs) 

Description	and	use	
BNs (Box 5) are probabilistic models that provide a graphical representation of a network of variables 
(called nodes) and their interactions (Kaikkonen et al. 2020). The relationships between variables are 
displayed as links (arrows), with the direction, strength and shape of these dependencies quantified 
using conditional probabilities (Marcot & Penman 2019). In Aotearoa NZ, BNs have been applied to 
assess a range of environmental problems including the benthic impacts of fish farms (Giles 2008), the 
effects of multiple pressures on estuarine ecosystem functioning (Bulmer et al. 2019, Bulmer & Hewitt 
2020), and the effects of multiple pressures on fish populations (Parsons et al. 2021).  
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Advantages	
BNs can synthesize different types of knowledge (e.g., expert, mātauranga Māori, local, empirical) and 
explicitly account for the probabilities of different scenarios, making them a useful tool for assessing 
risk and uncertainty in an EBM context. For example, scientific and traditional indigenous knowledge 
were combined in a BN to assess the cumulative impacts of multiple stressors on ecosystem health in 
a Canadian study (Mantyka-Pringle et al. 2017). They integrated field data, interview transcripts, 
existing models and expert judgement to assess socio-ecological risk. In BNs, model parameters take 
on a probability distribution, rather than a single value, allowing risk and uncertainty to be estimated 
more accurately than approaches that rely on mean values (Piffady et al. 2020). The approach is very 
flexible, enabling multiple ecological components and pressures to be integrated into a single model. 
In addition to biophysical data, other forms of information (e.g., socio-economic) can be incorporated 
into BNs enabling a wide range of values to be considered by decision-makers. For example, Batstone 
et al. (2011) used a BN to generate indicators of economic and social wellbeing associated with the 
effects of urban stormwater run-off on freshwater and estuarine receiving waters in Aotearoa NZ (e.g., 
suitability for recreation, food extraction, non-use values, cost and benefits of development options). 
The BN structure allows for the incorporation of indirect effects and interactions between different 
nodes which are determined by conditional probability tables. BNs can be spatially explicit (Marcot & 
Penman 2019) and even those that are not can be parameterized with spatial data (e.g., Bashari et al. 
2016, Helle et al. 2016, Piffady et al. 2020), supporting spatial risk assessments and making outputs 
more user friendly (Jolma et al. 2014).  

One of the key strengths of BNs is that they lend themselves to participatory modelling, allowing 
stakeholders to be involved in the process of model building and scenario testing. BNs are relatively 
easy to communicate to stakeholders because scientific and technical complexity is translated into an 
easily understandable  graphical representation. In addition, once they are set up they are easy to run, 
allowing stakeholder questions and scenarios to be tested and compared in near-real time. 
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Participatory modelling increases stakeholder understanding of the model structure and assumptions, 
promotes open discussion and acceptance of model results and helps to ensure the model meets the 
diverse needs of end-users, who often have differing values and knowledge sets (Henriksen et al. 2012, 
Laurila-Pant et al. 2019). For example, the inclusion of decision makers in model development can 
ensure that BN decision and utility nodes are meaningful for their objectives (Kaikkonen et al. 2020).  

Disadvantages	
Whilst BNs met all the EBM suitability criteria, they do have limitations. A major limitation initially was 
the inability to incorporate feedback loops and cross-scale interactions. Because the relationship 
between two nodes is required to be unidirectional, direct feedbacks cannot be incorporated. 
Recently, however, time-steps and hierarchies have been proposed as a potential solution creating 
dynamic BNs (Marcot & Penman 2019, Bulmer & Hewitt 2020, Kaikkonen et al. 2020). For example, 
Uusitalo et al. (2018) used dynamic BNs to model major structural changes in the Baltic Sea food web. 
A remaining limitation is that expert elicitation can be challenging particularly with respect to avoiding 
bias (Kaikkonen et al. 2020). It should be noted that this challenge is one that applies across all risk 
assessment methodologies utilising expert elicitation. 

Adaptation	required	
Despite the identified weaknesses, BNs met all 10 criteria for supporting EBM and the needs and 
aspirations of Māori, therefore, no adaptions are required.  

 

2.2.6 Biosecurity 

Description	and	use	
Most marine biosecurity risk assessments rely on qualitative approaches, likely due to a lack of 
available data and the time and costs associated with developing detailed models (Leung et al. 2012). 
These qualitative marine biosecurity risk assessments are often undertaken in the form of a simple LC 
matrix and generally rely on expert opinion (Box 1). Although quantitative biosecurity risk assessment 
methods are in use overseas (refer Lodge et al. 2016 for a summary), these generally focus on risks 
associated with a single species and are seldom used in policy (Leung et al. 2012). Within Aotearoa 
NZ, quantitative approaches have been used to determine the likelihood of exposure of ports to non-
indigenous species from internationally arriving commercial vessels (Hatami et al. 2021). Quantitative 
techniques using BN models are also currently in development (pers. comm. Daniel Kluza Ministry for 
Primary Industries 18/09/20), but we did not include them in our review as they have not yet been 
implemented in Aotearoa NZ.  

Advantages	
Marine biosecurity risk assessments in Aotearoa NZ generally evaluate the consequence of a species 
invasion on a range of ecosystem components (e.g., biodiversity, benthic habitats, trophic 
interactions). In addition to the biophysical consequences, the economic, social and cultural 
consequences of an invasion are often included in biosecurity risk assessments (e.g., Cliff & Campbell 
2012, Campbell & Hewitt 2013, Muellner et al. 2013). Marine biosecurity risk assessments share many 
attributes with LC assessments, including the ability to account for additive interactions (e.g., 
MacDiarmid et al. 2012) and incorporate indirect effects through the assessment of consequence. For 
example, Cliff and Campbell (2012) assessed the potential for an invasive diatom to indirectly affect 



18 

trout size by smothering the trout’s food. Spatially explicit risk assessments often estimate the 
likelihood of invasion by modelling the potential distribution of marine non-indigenous species using 
niche models (Lee et al. 2008).  

Disadvantages	
Like LC, consideration of risk to different ecosystem components is usually carried out in parallel with 
no consideration of feedbacks between ecosystem components. Uncertainty is usually assessed by 
ranking confidence in the data or indicating where data is highly variable, rather than a quantitative 
evaluation. 

Adaptations	required	
Temporal outputs are uncommon but information on how risk might change through time with 
climate change effects is being considered in terrestrial biosecurity assessments (pers. comm. Daniel 
Kluza Ministry for Primary Industries 18/09/20). Although not a formal risk assessment, Floerl et al. 
(2013) similarly examined whether changes in the global ocean climate will alter the risk of non-
indigenous species' survival and establishment in the future. Combining these types of environmental 
projections with trade forecasts could enable managers to identify geographic areas of emerging risk. 

 

2.2.8 Review summary 

Our review found that of the risk assessments currently in use in Aotearoa NZ, only BNs met all 10 
criteria required to support EBM and the needs and aspirations of Māori (Table 2.2). The remaining 
risk assessment methods/frameworks were generally capable of meeting some of the criteria, but 
often their applications in Aotearoa NZ did not do so or would require adaptations to do so. For 
example, MSE met 8 of our 10 criteria, but the use of this approach in an EBM-context would require 
the use of highly complex operating models that would be unlikely to produce scientifically defensible 
or practically useful outputs. LC also met most of our criteria, however this approach cannot 
incorporate feedbacks or produce temporal outputs and is limited in its ability to assess risk to multiple 
components and estimate uncertainty. Overall, most approaches can incorporate multiple knowledge 
types and characterise uncertainty (although many of these only characterised data limitations) and 
many could be adapted to produce spatial outputs. However, most approaches assessed risk to 
different ecosystem components separately, rather than in an integrative manner. In general, most 
methods/frameworks did not cope with interactions, feedbacks and indirect effects very well and few 
were able to assess risk through time. Importantly, apart from LC, BNs and MSE, if risks to social, 
cultural or economic values were to be assessed, this would need to be done separately. For example, 
a cost-benefit analysis was used in conjunction with a PSA to evaluate the economic trade-offs 
associated with spatial fishery closures to protect vulnerable marine systems (Penney & Guinotte 
2013). 
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Table 2.2. Summary of the ability of the risk assessment methods/frameworks to meet the criteria to determine their suitability to support ecosystem-based management in in an  Aotearoa 

New Zealand (NZ), including the needs and aspirations of Māori (described in Table 2.1). Risk assessment methods/frameworks reviewed included Likelihood-Consequence (LC), methods within 
the Ecological Risk Assessment for the Effects of Fishing framework (including Scale Intensity Consequence Analysis (SICA), Productivity-Susceptibility Analysis (PSA) and Sustainability 

Assessment for Fishing Effects (SAFE)), Management Strategy Evaluation (MSE), Spatially Explicit Fisheries Risk Assessment (SEFRA), Bayesian Networks (BNs) and general approaches for 

assessing marine biosecurity risks. A ranking of ‘Yes’ was assigned if the criterion was met in Aotearoa NZ applications, ‘Possible’ was used when method papers or overseas applications 
demonstrated this criterion could be met, but this was not demonstrated in Aotearoa NZ applications, and ‘No’ was used when no examples were found that met the criterion. Further details 

on rankings are provided as footnotes.    

 LC 
ERAEF 

MSE SEFRA BN Biosecurity 
SICA PSA SAFE* 

Risk to multiple ecosystem 
components 

Yes 
(in parallel) 

Yes   
(in parallel) 

Possible  
(in parallel) No Possible 

(integrative) 
Possible  

(in parallel) 
Yes 

(integrative) 
Yes 

(in parallel) 

Indirect effects Yes No No No Possible No Yes Yes 

Estimates of uncertainty Data quality 
only 

Data 
quality only 

Data quality 
only Yes Yes Yes Yes Data quality 

only 

Ability to accommodate 
different knowledge types Good Good Good Moderate Poor Moderate Good Good 

Includes risks to social, cultural 
and economic values Yes No No No Yes No Yes Yes 

Interactions Yes No No Yes Possible  No Yes Possible  
Feedbacks No No No No Yes No Yes No 

Can produce spatial outputs Yes No Yes No No Yes Yes Possible 

Can produce temporal outputs No No No No Yes Yes Yes No 

Model complexity Simple Simple Moderate Moderate Complex Complex Simple to 
complex Simple 

Source data a b c d e f g h 
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* SAFE was also assessed in an Australian context because we only found one example of this method applied in Aotearoa New Zealand. 
Definitions of ranking:  
‘Risk to multiple components’ = ‘No’ if the method can only be applied to one component (e.g., single species); ‘Yes – in parallel’ if the method can assess risk to multiple 
components in parallel but not within the same model; and ‘Yes - integrative’ if the method can assess risk to multiple components in a fully integrative way. 
‘Estimates of uncertainty’ = ‘Data quality only’ if only data quality was categorised for each variable, ‘Yes’ if uncertainty was quantified. 
‘Ability to accommodate different knowledge types’ = ‘Good’ if a large amount of non-numeric data can be used, ‘Moderate’ if both non-numeric and quantitative data can 
be used but at least some quantitative data is required, and ‘Poor’ if only quantitative data can be used.  
‘Model complexity’ = ranges from Simple’ to ‘Moderate’ to ‘Complex’. 
Source data = a (Campbell & Gallagher 2007, Clark & Tittensor 2010, Cliff & Campbell 2012, MacDiarmid et al. 2012, Robertson & Stevens 2012, Boyd 2013, Campbell & 
Hewitt 2013, Heath 2014, Bermingham 2015, Johnston 2017, Stevens & Robertson 2017, Johnston 2019, Cunningham et al. 2020), b (Hobday et al. 2011, Ford et al. 2018), c 
(Clark et al. 2011, Hobday et al. 2011, Waugh et al. 2012, Penney & Guinotte 2013, Clark et al. 2014, Georgeson et al. 2020), d (Zhou & Griffiths 2008, Hobday et al. 2011, 
Zhou et al. 2011, Zhou et al. 2019, Georgeson et al. 2020, Holmes et al. 2020), e (Maunder et al. 2000, Holland et al. 2005, Breen & Kim 2006, Dichmont et al. 2008, Cordue 
2014, Fulton et al. 2014, Haist & Middleton 2014, McKenzie et al. 2018), f (Ochi et al. 2018, Sharp 2018, Abraham et al. 2019, Large et al. 2019, Richard et al. 2020), g (Giles 
2008, Batstone et al. 2011, Bulmer et al. 2019, Marcot & Penman 2019, Bulmer & Hewitt 2020, Kaikkonen et al. 2020, Parsons et al. in review), h (pers. comm. Daniel Kluza 
Ministry for Primary Industries 18/09/20, Bell et al. 2011, Campbell 2011, Forrest et al. 2011, Cliff & Campbell 2012, Newcombe & Forrest 2012, Campbell & Hewitt 2013, 
Muellner et al. 2013, Heath 2014, Rowden et al. 2015, Cunningham et al. 2020, Hatami et al. 2021). 
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2.2.9 Consideration of non-linear dynamics in ecosystem response and recovery 

In addition to the EBM suitability criteria (Table 2.1), risk assessments applied within an EBM 
context must also consider the non-linear dynamics of ecosystem responses and recovery (Table 
2.3). The reviewed studies varied in their ability to cope with these complex system dynamics, 
and this was not consistent across methods/frameworks. Therefore, rather than ranking each 
method against these criteria, we discuss non-linear dynamics here as an additional 
consideration when undertaking risk assessments in an EBM context. 

Table 2.3. Additional criteria that are important for risk assessment methods and frameworks in an Aotearoa New 
Zealand ecosystem-based management context. 

Location modifiers 

Can the risk assessment incorporate location modifiers? These are location-specific variables 
that influence how a particular location will respond to an impact (i.e., it does not relate to 
the likelihood of an impact happening but to the response). For example, legacy effects, high 
dilution rates, waves, currents, temperature, species densities. 

Confounded by the assumption of recovery 

Are the risk assessment outcomes confounded by assumptions of recovery? For example, 
models that incorporate assumptions of recovery based on population logistic growth 
equations into its risk categorisation are confounded. 

Threshold responses 

Can the risk assessment incorporate threshold responses in the outputs? 

Very few of the reviewed risk assessments incorporated place-based attributes that influence 
how a particular location will respond or recover from an impact (e.g., legacy effects, high 
dilution rates, waves, currents, temperature, species densities). Flexible risk assessment 
methods such as LC provide a simple way of accounting for these location modifiers when risk 
is assessed for a particular location, such as the risk assessment carried out by Johnston (2019) 
for the effects of cruise ships in Akaroa Harbour. A similar approach could be used in marine 
biosecurity assessments, for example, one might assess the likelihood of invasion to be higher 
at ports because communities in these areas are impacted by multiple pressures and therefore 
less resilient. The influence of location modifiers can be quantitatively assessed using BNs by 
including place-based attributes as nodes (e.g., site-specific sediment and water column 
properties as in Bulmer et al. 2019; flushing rates etc.). Complex MSE models, such as Atlantis, 
would also allow the incorporation of location modifiers.  

Many of the risk assessments in the reviewed studies (e.g., in some applications of SICA, PSA, 
SAFE, SEFRA, MSE) merged the impact with the predicted recovery from it, with recovery 
assumed from population growth estimates. However, disturbance-recovery dynamics and 
ecosystem responses to stress are multifactorial, depending heavily on location-specific 
biophysical interactions (e.g., between species or among species and their physical 
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environment; Thrush et al. 2021). It is therefore important that risk assessments in an EBM 
context can separate the effects of an activity from assumptions of recovery. Flexible risk 
assessment methods that can either account for interactions through expert opinion (e.g., LC 
and PSA) or integrate effects on multiple ecosystem components into the models (e.g., MSE and 
BN) are the most likely to be able to consider the complexities of ecosystem recovery and 
responses in a holistic EBM context. For example, although most PSAs are confounded by 
assumptions of recovery (e.g., Waugh et al. 2012, Georgeson et al. 2020), this limitation can be 
partially addressed by including habitat attributes when assessing the effects of an impact. This 
adaptation is demonstrated by Clark et al. (2011, 2014), who incorporated ‘naturalness’ and 
‘levels of natural disturbance’ in their assessment of the effects of fishing on seamounts.   

Most risk assessments can include non-linear responses into their risk categories (i.e., threshold 
responses in levels of risk). For example, MSE and SAFE set sustainability thresholds for 
populations after which the population is expected to be at high risk of collapse. However, some 
risk assessment methods are better than others as explorative tools for decision-making when 
there is a risk of crossing environmental thresholds. Of the reviewed methods/ frameworks, MSE 
and BNs would be the most useful for exploring how different scenarios influence the shape of 
stress response curves. Simpler methods such as LC also often include threshold responses. For 
example, Clark and Tittensor (2010) compared the relationship between fishing intensity and 
coral cover to determine a threshold value of catch that denoted a fisheries impact beyond 
which seamounts were no longer considered to be ‘at risk’ due to their already likely having 
suffered serious impact. This could be adapted in a biosecurity context, for example, by 
comparing the number of vessels entering a port with invasion success to determine a threshold 
for invasion likelihood. Research into ways of incorporating information on how climate change 
could make an area more vulnerable to invasion, or create thresholds that increase invasion 
likelihood, is being carried out for terrestrial risk assessments (pers. comm. Daniel Kluza Ministry 
for Primary Industries 18/09/20). 

3. Research co-developer elicitation approach 

The research co-developer elicitation aimed to review and discuss the usefulness of the 
identified risk assessment methods/frameworks for use within a kaupapa Māori (with regards 
to Māori values and aspirations) and EBM context. This section outlines methods and key 
findings of a workshop that was held via Zoom in November 2020 with co-development partners 
(refer to the Appendix for a list of participants).   

 

3.1 Research co-developer elicitation approach 

During the workshop, the six identified risk assessment methods and the 10 suitability criteria 
were presented. Research co-developers provided feedback with regards to their experience of 
working with different risk assessment methods/frameworks. An online survey was developed 
to elicit research co-developer opinions on their views: of the most important criteria and 
methods to support Māori needs and aspirations and be fit-for-purpose for EBM.  
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Specifically, co-developers were asked to score the importance of each criteria listed in Table 
2.1 (with a total of 20 votes that could be assigned in any amount to each of the 10 criteria) for 
two questions: 

1. Based on your knowledge, which criteria do you think are most important for methods to 
support Māori needs and aspirations?  

2. Based on your knowledge, which criteria do you think are most important for methods to 
be fit for purpose for EBM?  

Similarly, co-developers were asked to score the importance of each method (with a total of 10 
votes that could be assigned in any amount to each of the five method groups) for two 
questions: 

1. Based on your knowledge, which methods are best able to able to support Māori needs and 
aspirations?  

2. Based on your knowledge, which methods may be the best fit for informing EBM?  

The full questionnaire can be found in the Appendix. Co-developer responses to the survey 
questions were collated anonymously and importance scores were averaged (mean ± standard 
deviation of the mean). Co-developers discussed the anonymised survey results in a follow-up 
session of the workshop.  

 

3.2 Outcomes of the workshop 

The results of the prioritisation exercise of the model criteria (Figure 3.1) suggest that all the 
identified model criteria have at least some perceived importance for supporting Māori needs 
and aspirations and being fit for purpose for EBM (all importance scores > 0.5, Figure 3.1). The 
criteria Ability to accommodate different knowledge types, Includes risks to social, cultural and 
economic values and Risk to multiple ecosystem components were perceived to be the most 
important criteria to support Māori needs and aspirations (in descending order, black bars in 
Figure 3.1) while other criteria had similar importance scores. In contrast, there was a much 
more even spread in the perceived importance of criteria to be fit for purpose for EBM (grey 
bars in Figure 3.1). Some of the co-developers mentioned that they did not feel qualified to 
answer questions about which criteria would support Māori needs and aspirations, as they were 
not Māori researchers. Accordingly, results from these surveys will be further trialled through 
case studies within Sustainable Seas Project 3.2 to ensure that any outputs are fit for purpose in 
a kaupapa Māori context.   

Criterion Model complexity was not highly ranked in the survey but after general discussion was 
deemed to be important for EBM to convey various elements of the system in a way that 
produced useful information. Co-developers discussed model complexity at some length before 
reaching a consensus that simple models are easier to communicate than more complex ones 
but may be less representative of reality. Model selection must therefore consider whether 
these are fit for purpose (regardless of complexity) but with the aim to select the simplest 
possible model. Co-developers also agreed that a single model is unlikely to meet all the 
requirements to support EBM.  
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Figure 3.1 Mean (n = 10) importance score (± SD) for criteria in response to survey Question 1 (black bars) and 
Question 2 (grey bars). 

The largest difference between model criteria to support Māori needs/aspirations and being fit 
for purpose for EBM was for model Ability to estimate uncertainty (Figure 3.1). Co-developers 
discussed this criterion and there was consensus that uncertainty is often misunderstood, but 
that models need to be able to stand up to scrutiny because it is important that results can be 
trusted. However, the importance of uncertainty in any given situation will be linked to the 
specific problem being addressed. For example, where the potential impacts of an action are 
high (e.g., human health) uncertainty plays a more important role than when the potential 
impacts are low. Where uncertainty and impacts are both high, the precautionary principle could 
be applied.  

There was congruence in the perceived importance of different risk assessment 
methods/frameworks best able to support Māori needs and aspirations and which are fit for 
informing EBM (Figure 3.2). BN models were scored the highest in response to both Questions 
3 and 4 (Figure 3.2). Co-developers discussed the reasons for these high scores and concluded 
that this was likely due to the flexibility of this modelling approach which means it meets all EBM 
suitability criteria (see Section 2.2.5 for further detail). Despite the high perceived value of BN 
modelling for risk assessment, there was some discussion around whether the outputs were 
likely to be oversimplified using this approach (i.e., because in most cases continuous data must 
be categorised into discrete categories – often between 2-5). Following a discussion, it was 
concluded that the simplification of the outputs was necessary when lacking the evidence or 
data to make these more complex and therefore is a problem linked to the availability of the 
information rather than the modelling  approach itself. There was a much more even spread in 
the perceived importance of other models, although co-developers seemed to somewhat favour 
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MSE and SEFRA (Figure 3.2), possibly because these methods can produce detailed spatial 
and/or temporal outputs.  

 

 Figure 3.2 Mean (n = 10) importance score (± SD) of risk assessment methods/frameworks in response to survey 
questions 1 (black bars) and question 2 (grey bars). 

Co-developers discussed the need for all risk assessment methods/frameworks used in an 
Aotearoa NZ EBM context to be able to incorporate different world views in ways that support 
the inclusion of mātauranga Māori in the decision-making process. This could include (but would 
not be limited to) approaches that accommodate and aim to restore mauri. This shift in thinking 
(which would be unique to Aotearoa NZ) will require re-orienting models to incorporate 
different world views. However, further support for additional Māori models and evolution of 
the decision-making process to include Māori worldviews will be needed. This is least likely to 
be problematic for BN as they are generally developed within a workshop/hui to meet the needs 
and views of the participants.  

One important discussion in the workshop centred around the lack of risk assessments using 
process-based models outside the fisheries realm. These do exist but are rarely used and are 
generally very location-specific in terms of the models and the components used (Senior et al. 
2003, Jones et al. 2018). A summary of the discussion points is provided in the Appendix. 

 

4. International risk assessments for EBM 

Several international applications of ecosystem-based risk assessments in the marine 
environment have been applied, including the potential impact of human or natural 
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perturbations on coastal habitats and communities (Halpern et al. 2008, Samhouri & Levin 2012) 
as well as the vulnerability of human communities to climate change (Cinner et al. 2012, 
Morzaria-Luna et al. 2014, Himes-Cornell & Kasperski 2015, McClanahan et al. 2015, Cinner et 
al. 2016). These approaches generally have a limited ability to deal with multiple interacting 
pressures. However, common attributes include hierarchical or tiered frameworks. More recent 
developments have also included consideration of Coupled Natural Human (CNH) systems that 
include feedbacks between ecological and social components as well as the development of 
cumulative risk frameworks due to multiple activities.   

 

4.1 Hierarchical Frameworks for EBM 

A common aspect of risk assessment frameworks is that they adopt a hierarchical or tiered 
approach with a progression from conceptual to quantitative analytical approaches. Level 1 
qualitative Environmental Risk Assessments (ERAs) provide a rapid and comprehensive 
assessment to identify a broad range of components at risk from a given pressure (Hobday et al. 
2011, Holsman et al. 2017). Components identified as “at risk” during the Level 1 assessment 
are further considered in the Level 2 semi-quantitative assessments (Holsman et al. 2017). Level 
2 ERAs may involve rank-based exposure sensitivity analyses. Components identified as medium 
to high risk in Level 2 can then be further evaluated using quantitative model-based approaches. 
Level 3 ERAs may provide an explicit description of the probability of error and uncertainty 
measures around scenarios (Holsman et al. 2017). Examples of such hierarchical approaches 
include the application of ERAEF reviewed in Section 2.2.2. 

Sequential approaches with increasing levels of quantitative analyses can further be extended 
to also consider social-ecological models. Here complexity can range from the direct impact of 
a single pressure on a given social or ecological subject (Class 1) to the direct and indirect effects 
of a pressure on multiple interacting subjects or multiple pressures on a single subject (Class 2). 
Finally, complexity can range up to the direct and indirect effects of multiple interacting 
pressures on multiple interacting subjects that consider both social and ecological components 
(Class 3; Figure 4.1).  
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Figure 4.1 Hierarchical frameworks for supporting ecosystem risk assessment. Class 1 represents single risk 
assessments of single pressures on a single subject, Class 2 assessments consider impacts of a single pressure on 
multiple ecosystem subjects or pressures while Class 3 analyses consider the reciprocal and cumulative interactions 
among multiple pressures and multiple subjects. Source: Holsman et al. 2017. 

 

4.2 Coupled Natural Human (CNH) systems and feedbacks 

Risk assessments have historically inhibited merging different knowledge types under a single 
cohesive analytical framework (Benson & Craig 2014, Gao et al. 2014, Bennett et al. 2015, Gibbs 
& Browman 2015). But there is an emerging consensus that holistic frameworks for 
understanding multiple direct and indirect interactions between human and natural system 
components is adopted (Schlüter et al. 2012, Cinner et al. 2016). Connected socio-ecological 
analysis can be conducted in several ways.  

Firstly, separate ecological risk and socio-economic analysis can be conducted sequentially and 
then weighed against each other where the individual and joint risk to both the human and 
natural components of the system are considered. An example includes ecological risk screening 
using Scale Intensity Consequence Analysis (SICA) which has been applied to a number of 
fisheries and ecosystem components in the southwest coast of England (Cotter et al. 2014; refer 
also Section 2.2.2). A recommendation from this work was that a separate socio-economic 
analysis is conducted by a specialist working group. The two sets of analysis could then be 
weighed against each other for decision making (see also Fletcher 2005).  
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A second approach is to evaluate the risk to human and natural components of the system 
simultaneously using Coupled Natural Human (CNH) conceptual models (Liu et al. 2007). 
Currently, there is much less literature and research in this space; “Tractable approaches to 
move CNH systems theory into practice for assessing risk in marine ecosystems are nascent, but 
developing” (Holsman et al. 2017). In this second approach, reinforcing feedbacks have the 
potential to amplify or attenuate risks from a given pressure. There are very few examples of 
studies that include dynamic feedback between social and ecological components of the system. 
A bioeconomic model to investigate human responses to, and influence on, species interactions 
to understand thresholds in a CNH lake ecosystem has been applied (see Horan et al. 2011). 
Another example included assessing adaptive capacity, resource dependence, local climate 
change exposure and biological sensitivity to assess the socioeconomic vulnerability to climate 
change of three Australian coastal communities (Metcalf et al. 2015). Proposed analytical tools 
that enable “adaptive” systems to be investigated include the development and application of 
agent-based models (McDonald et al. 2008). These approaches represent advances in terms of 
including linked feedback in an integrated risk analysis framework, however, the application of 
such methods is still in its infancy. These can especially be used in conjunction with hierarchical 
frameworks by including the consideration of reciprocal interactions between ecological and 
social components of a system notably at Level 2 and 3 assessment levels.  

 

4.2.1. Level 1: Qualitative Assessments 

Level 1 approaches generally reply upon a rapid evaluation of qualitative data and often are 
used as a screening or scoping step in a risk assessment framework. Advantages include that 
they are rapid and inexpensive and can be used to identify high-risk interactions for Level 2 and 
3 assessments. Level 1 assessments are particularly useful for considering responses to 
emergent issues and for quickly identifying a range of pressures that may be affecting a wide 
range of habitats, species or social components of a system.  

 

4.2.2 Level 2: Semi Quantitative Assessments  

Level 2 risk assessments employ a combination of quantitative and qualitative data using semi-
quantitative analyses to assess the risk posed to a system component (see Table 1 in Holsman 
et al. 2017 and also see Stelzenmüller et al. 2015). These methods often use an exposure–
sensitivity–adaptive capacity framework. Exposure is usually determined using quantitative 
methods that predict the likely future exposure to the pressure(s) of interest. The sensitivity and 
impact can then be determined using a mixture of qualitative and quantitative methods to 
assess risk to focal ecosystem or human system components, providing a basis for prioritizing 
management actions and further analysis.  

Recent examples include a rapid climate change vulnerability assessment for the northwest 
Atlantic which combined quantitative climate projections with expert opinion to rank species 
most at risk to climate change (Hare et al. 2016). The relative vulnerability of 12 coastal fishing 
communities to cumulative anthropogenic pressures including climate change was similarly 
assessed using semi-quantitative methods (Morzaria-Luna et al. 2014). The novel aspect is that 
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vulnerability included consideration of socio-economic information as well as the fishing impact 
data. Further indirect effects have been modelled using dynamic conceptual models such as 
qualitative network models (QNM; Puccia & Levins 1985, Melbourne-Thomas et al. 2012, Reum 
et al. 2015). For example, loop analysis has been applied to understand potential interactions 
between crustacean predators and cultured bivalves (Reum et al. 2015). Notably, Level 2 risk 
assessments consider the risk to the focal ecosystem and human system components using a 
combination of qualitative and quantitative data.  

 

4.2.3 Level 3: Quantitative Analysis  

Internationally the most common examples of Class 3 assessments have been applied to 
fisheries, toxicology and endangered species and tend to be structured around quantitative 
estimates of risk. Level 3 assessments have employed methods such as food-web models (e.g., 
Watters et al. 2013, Anh et al. 2014), multispecies size-spectrum models (Blanchard et al. 2012, 
Woodworth-Jefcoats et al. 2015), multispecies assessment models (e.g., MICE; Plagányi et al. 
2014, Holsman et al. 2017) and fully coupled end-to-end models (e.g., Atlantis; Fulton 2010). 
Further quantitative modelling approaches are increasingly used to evaluate regional 
management actions under differing large-scale climate change scenarios (Fulton 2010, Plagányi 
et al. 2014, Woodworth-Jefcoats et al. 2015). These studies generally reveal indirect, non-
intuitive outcomes resulting from interacting pressures (e.g., climate and fishing on multiple 
target species; an example of Level 3-Class 3) and reinforcing feedbacks that attenuate or 
amplify impacts, especially over longer projection periods.  
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Figure 4.2 Conceptualization of environmental risk via a simple linear impact risk analysis (a) and integrated coupled 
natural-human risk analysis (b). Source: Holsman et al. 2017. 

In summary, integrated frameworks include the need to consider feedback between natural and 
human components of the system as well as cumulative risk (Figure 4.2). Natural systems will 
not simply absorb pressures posed on them, rather they will respond to change and exert 
pressures back on the human system. Similarly, the risk is often not distributed equally between 
different stakeholders in the community (Cook & Heinen 2005). As such, careful consideration 
of the role of cumulative impacts and feedbacks is an area of importance for risk assessment in 
an EBM context. Advancements include the application of integrated risk analysis frameworks 
whereby socio-economic and ecological analyses are conducted sequentially or in an integrated 
framework as well as the application of novel tools such as agent-based models to evaluate 
feedbacks.   

 

4.3 Cumulative effects assessments and risk 

Cumulative effects assessments (CEA) have gained traction for marine conservation priorities 
and management actions (Halpern et al. 2008, Halpern et al. 2015). Mapping of local and global 
pressures in a standardised way enables the spatial pattern and temporal change of individual 



 

31 

human pressures, as well as their total impact on natural systems, to be evaluated. As such 
quantitative methods to map cumulative human impacts have been developed and applied in 
marine environments (Halpern et al. 2008). Despite the considerable advancements, there are 
still a number of assumptions that limit the application of these methods, including: spatial 
accuracy of input data (Ban et al. 2010), assumptions about the additivity of impact where 
synergistic and antagonistic effects are often neglected and simple additive models are used 
(Crain et al. 2008) and that most models apply linear responses only even though many marine 
processes are known to be non-linear (Halpern & Fujita 2013). The improvement of CEA 
frameworks that address cumulative impacts more appropriately within the principles of EBM 
and ERA has, however, been suggested as a promising approach (Judd et al. 2015, Stelzenmüller 
et al. 2018). For example, recent research has developed a comprehensive CEA which includes 
methodological advancements including the ability to model non-linear ecosystem response to 
anthropogenic pressures as well as antagonistic and synergistic pressure effects (Menegon et al. 
2018).  

A similar approach has also been applied by Furlan et al. (2019) where methods beyond simple 
additive approaches were developed for cumulative impact assessment. In this case, a 
Cumulative Impact Index (CI-Index) applied advanced Multi-Criteria Decision Analysis 
techniques to spatially model relationships between interactive climate and anthropogenic 
pressures, the environmental exposure and vulnerability patterns and the potential cumulative 
impacts for the marine ecosystems at risk. However, interactions between different hazards 
were additive only and no interactions or feedbacks between different components were 
allowed. Outputs of the CI-index were then used to evaluate multi-risk scenarios and to drive 
sustainable maritime spatial planning. Cumulative assessment approaches can therefore be 
used to explore risk and may be particularly informative for risk analysis under future scenarios 
in an EBM context. For example, the cumulative impact maps developed by Furlan et al. (2019) 
were then taken another step where the probability and the related uncertainty of cumulative 
impacts under different climate and management scenarios was analysed using a spatially 
explicit BN. The main aim was to test the potential of an integrated GIS-based BN framework to 
support adaptive marine management. Specifically, BNs were used to 1) simulate and evaluate 
potential climate change scenarios, and 2) assess different management options responding to 
regulatory and marine strategy requirements. In this example management options were also 
explored to achieve predefined objectives of good environmental status. Hence the developed 
BN was used to support the design of more robust and adaptive management measures that 
were able to explicitly assess risk and uncertainty.  

 

5. Conclusion 

Our review found that of the risk assessment methods/frameworks currently in use in Aotearoa 
NZ, only BNs met all 10 criteria required to support EBM and the needs and aspirations of Māori. 
The remaining methods/frameworks were generally capable of meeting some of the criteria, 
but often their application in Aotearoa NZ did not do so or would require adaptations to do so. 
Most approaches can incorporate multiple knowledge types (e.g., expert opinion, mātauranga 
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Māori, local knowledge, quantitative data) and characterise uncertainty, and many can be 
adapted to produce spatial outputs. Although most methods/frameworks can assess risk to 
multiple ecosystem components, this is usually done in a parallel manner, with risk to each 
component assessed separately. Effective EBM, however, requires approaches that can 
integrate anthropogenic effects across multiple ecosystem components. In general, most 
methods/frameworks did not cope with interactions, feedbacks and indirect effects very well, 
and few were able to assess risk through time or time or assess risk to cultural, social or 
economic values. Additionally, many of the studies we reviewed failed to account for non-linear 
dynamics in ecosystem response and recovery and could not identify threshold responses. Our 
examination of the international literature found that the inability of risk assessment 
methods/frameworks to deal with these ecosystem complexities is not unique to Aotearoa NZ, 
with few international examples of risk assessment frameworks that deal with cumulative 
effects or dynamic feedback between social and ecological components of the system.   

The ability to assess risk to multiple ecosystem components, accommodate multiple knowledge 
types and assess risk to other values were identified by our research co-developers as being 
important criteria for supporting Māori needs and aspirations. All criteria, except model 
complexity, were identified by co-developers as being important for EBM. BNs were ranked as 
the best risk assessment method for both informing EBM and supporting Māori needs and 
aspirations. This highly flexible approach is one of the few reviewed methods that was able to 
integrate interactions across multiple ecosystem components and cope with indirect effects and 
feedbacks between components of the model. BNs can accommodate a range of knowledge 
types and assess risk to multiple values, both spatially and over time. They allow for the inclusion 
of information on habitat attributes that might influence ecosystem recovery and can be used 
to identify threshold responses. BN modelling is a rapidly advancing field and the full capability 
of these models has not yet been demonstrated in Aotearoa NZ (refer Marcot & Penman 2019 
for a review).  

MSE and SEFRA were also favoured by co-development partners, possibly because these 
methods can produce detailed spatial and/or temporal outputs. Although MSE met many of the 
same criteria as BNs, the use of MSE in an EBM-context would require the use of highly complex 
process-based operating models (e.g., Atlantis) and need to cope with greater levels of 
uncertainty and complexity than has been attempted by these models so far. Although complex 
models are often perceived to reflect natural systems more accurately than simple models, how 
true that is depends on what components are modelled, whether the relationships between 
components represent important scales and how well the models are calibrated (Pethybridge et 
al. 2019). Adding additional parameters to a model can lead to uncertainty and problems with 
the interpretation and validation of the model’s predictions (Duarte et al. 2003, Fulton et al. 
2003, Merow et al. 2014). Complex models are also often limited by their considerable data 
requirements and the high effort and cost associated with their development (Perryman et al. 
2021). Simple models, conversely, are cost effective to construct and easy to communicate and 
quick to implement. But they may not accurately reflect the intricacies of the system. Thus, there 
is an optimal level of model complexity (Fulton et al. 2003). 

Models to inform decision-making associated with EBM must be able to cope with incomplete 
or non-numeric data, particularly in a small country such as Aotearoa NZ where resources for 
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environmental monitoring are limited. Consequently, models that can use expert judgement to 
bridge the gap between limited local-scale empirical data and the need to make management 
decisions at an ecosystem-scale are advantageous in an EBM-context (e.g., BNs; Gladstone-
Gallagher et al. 2019). Although less complex models may be perceived to be imprecise, BNs can 
easily mix expert opinion, mātauranga Māori, and non-numeric local knowledge with 
experimentally derived mechanistic relationships. The ability of these models to make 
generalisable predictions while accounting for non-linear dynamics, ecosystem interactions and 
feedbacks will be more useful for EBM than numeric estimates from complex models, 
particularly as BNs can transparently quantify the uncertainty associated with their predictions. 
The complex nature of ecosystems means that knowledge gaps will always exist for many 
ecological components, connections and places. However, models like BNs that can use expert 
judgment to fill those gaps and make those connections can help ensure that robust decisions 
are still made even when there are unknowns (Gladstone-Gallagher et al. 2019). 

The complex nature of environmental risk means that it cannot be considered in isolation of the 
social context within which it is embedded. Engagement of stakeholders is a critical component 
of effective risk assessment as it helps to define the purpose of the assessment, decide how risks 
are assessed and by whom, and build trust in the approach. Risk assessment methods that lend 
themselves to participatory modelling, such as BNs, are often most effective because they 
facilitate stakeholder understanding of the underlying model structure, its assumptions, and any 
sources of uncertainty (Henriksen et al. 2012, Laurila-Pant et al. 2019). Participatory approaches 
also promote social learning through the sharing of diverse values and perspectives (Johnson et 
al. 2012), which can promote consensus-building. Internationally, advancements in this field 
include the application of integrated risk analysis frameworks whereby socio-economic and 
ecological analyses are conducted sequentially or in an integrated or coupled framework. 
Integrated frameworks consider feedbacks between natural and human components of the 
system as well as cumulative risk. 

Based on the outcomes of our review and workshop, we recommend a mixed approach for 
future use and testing in Sustainable Seas Project 3.2 that focuses on developing a three-level 
hierarchical framework, based around BNs for the two simpler levels. For the highest level, we 
suggest testing two different approaches: highly mechanistic biophysical models with separate 
social models; and a Coupled Natural Human model. In order to achieve the most effective 
outcomes, testing of these approaches should be done in in close association with stakeholders.  
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Appendix: Minutes from Sustainable Seas Project 3.1 & 
3.2 joint co-developer workshop 

Organisers: Joanne Ellis; Fabrice Stephenson; Paula Blackett; Shaun Awatere; Judi Hewitt; 
Gemma Couzens 

When: 3rd November 2020 

Meeting	 Participants:	 Ben Sharp (MPI), Ben Moginie (EPA), Conrad Pilditch (University of 
Waikato), David Taylor (Aquaculture NZ), Erica Gregory (EPA - afternoon session), Hannah Jones 
(Waikato Regional council), Joe Harawira (DOC), June Logie (University of Auckland), Katherine 
Short (Terra Moana), Komathi Kolandai-Matchett (Auckland University), Kris Ramm (DOC), 
Maria Armoudian (Auckland University), Martin Cryer (MPI), Megan Carbines (ARC), Paula 
Blackett (NIWA), Ray Wood (CRP), Rebecca Gladstone-Gallagher (Auckland University), Richard 
Le Heron (Auckland University), Simon Lamping (MFE), Shaun Awatere (Landcare), Shelton 
Harley (MPI), Vera Rullens (University of Waikato) 

Aims:	 Building on prior work from Phase I, the first research aim (RA1) of Project 3.2 
(Communicating risk and uncertainty to aid decision-making) was to assess existing risk 
assessment frameworks of well documented procedures in the form of a literature review. The 
aims of the co-developer workshop were to:  

Update co-development partners on the results of the literature review and provide consistent 
terminology and definitions for a participatory survey  

Review and discuss the usefulness of the reviewed methods and framework(s) for risk 
assessment within a Kaupapa Māori (with regards to Māori values and aspirations) and 
Ecosystem-Based Management (EBM) context. The outcomes of this discussion help to inform 
the selection of tools / methods that will be used in RA2 and RA3 (case studies).  

Note: only information pertaining to Project 3.2 is provided here.  

 

Morning session 

The morning session provided an overview of: 

• The Sustainable Seas challenge objectives 
• Principles of EBM 
• Aims of Project 3.1 and 3.2 
• Definitions of risk  
• Perceptions of risk  

 

Aims	of	the	workshop	
A presentation of established risk assessment methods and criteria was provided. During Phase 
I of the Sustainable Seas Science Challenge and the development phase of this project, 
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workshops were held, and a list of methods used in Aotearoa New Zealand (Aotearoa NZ)for 
assessing risk in the marine environment were identified by co-developers. The next part of the 
project aimed to determine the suitability of these existing methodologies for assessing risk in 
the marine environment in the context of EBM. To do this a set of criteria were developed to 
help in the assessment of whether the methods/frameworks would be suitable in an EBM 
framework. During the workshop the usefulness of the methods and framework(s) for risk 
assessment within a mātauranga Māori and EBM context were reviewed. This included 
discussion during the workshop as well as completion of a survey. The survey asked results of 
the criteria and methods in supporting Māori aspirations and EBM are provided below.   

During the presentations feedback was provided on participants experience of working with 
different risk assessment methods. A summary of the discussion following presentation of the 
primary risk methods used in Aotearoa NZ is provided below.  

Likelihood	Consequence	(LC)		
A number of workshop participants shared their experience of using LC to assess risk across a 
range of activities including resource consent applications, risks to seabirds from fishing and for 
applications under the EEZ Act, including offshore mining. The advantages of this method were 
identified as simplicity, ease of set-up and ease of communicating the outputs. Difficulties 
included: 1) the need for more nuanced assessments; for example, a ranking that may sit 
between boundaries within the matrix, 2) that the method is open to personal opinion rather 
than being data driven, 3) difficulties of combining risk categories, for example to understand 
the total risk of a fisheries, is problematic and 4) LC does not readily account for cumulative 
effects or interactions required for ecosystem-based approaches.  

ERAEF:	SICA/PSA/SAFE	
Experiences of the application of these methods in an Aotearoa NZ context that were shared 
were predominately fisheries based. Advantages included that the methods can be applied to 
all fisheries target and bycatch species of interest. Disadvantages included that at the lower-
level ranking there is no concept of how much risk to too much for a species to sustain. 
Therefore, the risk of a false negative needs to be low because it is only at a high risk ranking 
that a full screening or stock assessment is conducted. In general, the methods are sensitive to 
the quality of the data and feedbacks and indirect effects are not readily assessed. The issue of 
scale, both temporal and spatial, was raised including the need to consider whether the process 
is robust to arbitrary decisions about scale (such as quota management areas). It was also noted 
that management and kaitiaki happens in place and these place-based values are important. An 
example of the “heat waves” project was provided, which overviews traditional biophysical 
modelling combined with a Māori case study and work stream. Finally, it was noted that as you 
move along the continuum from qualitative to quantitative methods, there is an increasing 
challenge of how to communicate the outcomes to stakeholders.  

MSE	
Applications of MSE discussed were fisheries-based. This framework was deemed as appropriate 
if you have good data and for identifying a range of solutions that can be robust over a range of 
plausible futures. However, it can be difficult to get stakeholders to clearly state objectives, for 
example what’s important, suitable metrics, and bottom lines. Disadvantages included that its 
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resource intensive in terms of data and can be difficult to communicate; for example, 
overviewing outcomes related to scenarios of management strategies. This method is 
potentially similar to physical process-based models used in resource management decisions 
such as modelling of sedimentation in estuaries under various land development scenarios. In 
general, a lack of risk assessment frameworks at the regional council level was highlighted as a 
potential gap.  

SEFRA	
An advantage of SEFRA that was discussed is that it can be disaggregated or aggregated at 
various spatial and temporal scales. For example, the relative risk associated by regional (e.g., 
the west or east coast) or temporally (summer versus winter) can be disaggregated. This enables 
relative risk to be better understood and has in the past highlighted that a small number of 
fisheries over relatively localised areas can represent a high level of risk.  The method therefore 
represents an important tool to provide advice to managers in a fisheries context. Uncertainty 
can also be determined to understand where the greatest variance is and therefore can inform 
where further research is needed to reduce the uncertainty. It was noted that for offshore 
applications, where there is limited spatial information, in this case deep sea coral species, 
producing spatial maps of risks is limited due to the lack of good distribution data.  

BN	
Examples of Bayesian networks included applications for understanding sediment loadings into 
Mahurangi estuary and an application in Tasman Golden Bays. In general participants noted that 
BNs were very useful as a communication tools and for scenario testing. It was also highlighted 
that BNs provided benefits in being able to communicate relationships beyond the immediate 
obvious contributors, for example inputs of sediments from non-obvious sources such as 
unsealed roads. BNs were also useful for highlighting unexpected results and the complexity of 
systems. It was also noted that the method requires the underpinning information to develop 
the causal linkages and can reflect “what you already know”.  

 

Survey 

The survey questionnaire can be found at the end of this appendix. 

 

Afternoon Session 

The breakout groups discussed the results of the survey. The following conversations suggested 
that there was some variability in how the survey questions were interpreted and then answered 
and that a degree of caution should be applied when using the results.   

Key points raised in group discussion included;  

Several participants noted the prevalence of fisheries models in the examples discussed in the 
morning session. These could be used in other contexts and the research team should uncover 
these other applications.  
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Model complexity was not considered to be highly ranked in the survey but after general 
discussion was deemed to be important for EBM to convey various elements of the system in a 
way that produced useful information. However, simple models are easier to communicate than 
more complex ones but may be less representative of reality. Either way models must be fit for 
purpose, and that purpose should dictate the model type; “ all models have a niche which 
depends on the questions being asked”. There is no single model to meet all our needs. 

How important is uncertainty in models? Uncertainly is often misunderstood, but models do 
need to be able to stand up to scrutiny, as we need to be confident, they are telling you 
something useful that you can trust. How important uncertainty is in any given situation is linked 
to the problem, for example where the potential impacts of an action is high (e.g., human health) 
uncertainty plays a more important role than when the potential impact is low. Cases of high 
uncertainty and high impacts provide room for the application of the precautionary principle.  
Additionally, there are examples of groups that have used uncertainty as a means to achieve 
their own objectives.  

Several challenges for models with regard to including Mātauranga Māori in particular: There 
needs to be a general move away from presenting an extractive perspective in models towards 
a well-being-oriented perspective that restores mauri. This will require re-orienting models to 
incorporate different world views in ways that support the inclusion of Mātauranga Māori in the 
decision-making process. Further support for additional Māori models and evolution of the 
decision-making process to include Māori worldviews will be needed. Most participants were 
not very comfortable making judgments regarding the applicability of different models in 
including Mātauranga Māori, they felt it was not something they were able to judge. 

Somethings are important but very difficult to quantify (e.g., ecosystem values, mauri, social 
return on investment) and often get left out or extrapolated out from existing models.     

Working with temporal and spatial scales - Models operate at different temporal and spatial 
scales which need to be considered in their application or up-scaled and or downscaled in a 
useful but valid way. The components of the models themselves also have a spatial and temporal 
component.  
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Risk & uncertainty workshop

1. Defining the most important criteria

The aim for this section is to define which criteria are
most important to support Māori needs and EBM.

 1 2 3 4 5 6 7 8 9 10

Incorporation of risk
to multiple ecosystem
components

Ability to estimate
uncertainty

Ability to incorporate
indirect effects

1. Based on your knowledge, which criteria do you
think are most important for methods to support
Māori needs and aspirations? 

You have been provided with 20 votes. Please assign
any number of votes to the below criteria. You can
assign more than one vote to a single criterion, or
you could assign none.
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 1 2 3 4 5 6 7 8 9 10

Ability to
accommodate
different knowledge
types

Includes risks to
social, cultural,
economic values

Ability to incorporate
interactions between
ecosystem
components

Ability to
incorporate feedbacks

Model complexity

Production of spatial
outputs

Production of
temporal outputs

Not applicable

Please include any criteria that you think are important
and were not presented in the question above. In
addition, any comments and/or discussion points are
also welcome (optional).

2. Based on your knowledge, which criteria do you
think are most important for methods to be fit for
purpose for EBM? 

You have been provided with 20 votes. Please assign
any number of votes to the below criteria. You can
assign more than one vote to a single criterion, or
you could assign none.
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 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Incorporation of risk
to multiple ecosystem
components

Ability to estimate
uncertainty

Ability to incorporate
indirect effects

Ability to
accommodate
different knowledge
types

Includes risks to
social, cultural,
economic values

Ability to incorporate
interactions between
ecosystem
components

Ability to
incorporate feedbacks

Model complexity

Production of spatial
outputs

Production of
temporal outputs

Not applicable

Please include any criteria that you think are important
and were not presented in the question above. In
addition, any comments and/or discussion points are
also welcome (optional).
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Risk & uncertainty workshop

2. Defining the best fit for purpose
methods

The aim for this section is to define which methods
are best able to support Māori needs and EBM.

 1 2 3 4 5 6 7 8 9 10

Generalised
Likelihood
Consequence
(GLC)

3. Based on your knowledge, which methods are
best able to able to support Māori needs and
aspirations? 

You have been provided with 10 votes. Please assign
any number of votes to the below methods. You can
assign more than one vote to a single method, or you
could assign none. 
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 1 2 3 4 5 6 7 8 9 10

Ecological
Risk
Assessment
for the
Effects of
Fishing
(ERAEF)

Management
Strategy
Evaluation
(MSE)

Spatially
Explicit Risk
Assessment
Framework
(SEFRA)

Bayesian
Networks
(BNs)

Not
applicable

Please include any methods that you think are
important and were not presented in the question
above. In addition, any comments and/or discussion
points are also welcome (optional).

4. Based on your knowledge, which methods may
be best fit for informing Ecosystem Based
Management (EBM)? 

You have been provided with 10 votes. Please assign
any number of votes to the below methods. You can
assign more than one vote to a single method, or you
could assign none. 
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 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Generalised
Likelihood
Consequence
(GLC)

Ecological
Risk
Assessment
for the
Effects of
Fishing
(ERAEF)

Management
Strategy
Evaluation
(MSE)

Spatially
Explicit Risk
Assessment
Framework
(SEFRA)

Bayesian
Networks
(BNs)

Not
applicable

Please include any methods that you think are
important and were not presented in the question
above. In addition, any comments and/or discussion
points are also welcome (optional).

Prev Done


