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About this document 
This guidance document introduces findings and recommendations from our research on risk and 
uncertainty. It covers the work of two Sustainable Seas National Science Challenge projects: 
Perceptions of Risk and Uncertainty and Communicating Risk and Uncertainty to aid decision 
making.   

The document is structured around five recommendations from the projects. It also includes case 
study examples, frameworks, scenarios, and diagnostic tools.  

A series of quick guides to support this document 
written five quick guides as practical summaries of key parts of this framework and 

guidance document. You can find them on our website, and they are linked below. 

Quick guide 1: Perceptions of risk and uncertainty influence marine management decisions 

This guide explains why perceptions of risk and uncertainty matter in marine management and 
summarises the main research findings.  

Relevant part of this document  summary of recommendations. 

Quick guide 2: Worldviews influence their perceptions of risk and uncertainty 

This guide explains what worldviews are and why they matter when making decisions for the long-
term good of the marine environment.  

Relevant part of this document  Recommendation 2: expose worldviews, discipline, and 
positionality to unpack perceptions of risk and uncertainty. 

 

 

Relevant part of this document  Recommendation 2: expose worldviews, discipline, and 
positionality to unpack perceptions of risk and uncertainty. 

Quick guide 4: Tools to help navigate perceptions of risk and uncertainty  

This guide introduces tools to help navigate different perceptions of risk and uncertainty in decision-
making.  

Relevant part of this document  Recommendation 3: think about implications of worldviews, 
positionalities, and disciplines and negotiate a pathway for enacting ecosystem-based management 

-making. 

Quick guide 5: How to incorporate risk and uncertainty in ecosystem-based management 

This guide explains what an ecosystem-based risk assessment should be able to do and has a 
decision tree to help choose the right method.  

Relevant part of this document  Recommendation 4: select a risk assessment method that is 
capable of meeting ecosystem- .  
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Ecosystem- knowledge is reshaping thinking 
about risk and uncertainty 

We hope this document will help practitioners and decision-makers find pathways for working with 
risk and uncertainty and inform any future decision-making about risk. 

Throughout this document we have recommended ways to engage with risk and uncertainty in the 
current Aotearoa New Zealand context. U an 
important part of this.   
 
We point to Sustainable Seas National Science Challenge Waka Taurua framing as our starting point. 
This framing Zealand and could flow 
directly into future environmental legislation and decision-making. This inclusive, collective 
approach has great potential to break short-termism and re-imagine thinking, especially about 
intergenerational outcomes.  
 
Our focus is also on ecosystem-based management  manging marine ecosystems in a holistic, 
inclusive way. A Te Ao -centred approach to risk and uncertainty also honours obligations 
under Te Tiriti o Waitangi and can help Aotearoa New Zealand transition to ecosystem-based 
management. 
 
Overall, a greater awareness of where the differences regarding risk and uncertainty perception lie 
will support a more nuanced approach to dealing with conflict in decision-making and with applying 
tools and practices to enact ecosystem-based management a
processes.     
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About the risk and uncertainty projects 
This section gives an overview of the purpose of each project, how this document supports the 
purpose, and summarises some of the methods. 

The Understanding perceptions of risk and uncertainty project identified the need to conceptually 
step back to engage with available knowledge on the subject.  

Describing different perceptions of risk in and of itself is not enough  so we asked the wider 
contextual question, 'why are we always arguing about risk and uncertainty?'. This question gets at 
the heart of why differences in perceptions and understanding of risk and uncertainty occur, and 
what can be done about these differences in decision processes.  

In this document1 we: 
unpack, do we always argue when making decisions about 
natural resource use in Aotearoa New Zealand 
provide insights and guidance for practitioners to help navigate the often-invisible differences 
between people and interests that lead to conflict in decision-making processes  
argue that once these invisible forces are illuminated and their influence on practice are 
considered, a decision-maker is better placed to choose what tools, approaches, practices, and 
methods might be useful in their context  
provide tools of thought to help decision-makers explore their own perceptions of risk and 
uncertainty, including risk to what, for whom, where and when, before attempting to make 
decisions in various settings 
highlight that gaining awareness of how you think about risk and uncertainty is a necessary step 
in engaging with others who are likely to have differing risk and uncertainty perceptions.  

The Communicating risk and uncertainty to aid decision-making project focused on the utility of 
present risk assessment methods to support ecosystem-based management and the needs and 

the decision-making process. 

Risk assessment initially involved the concept that risk is comprised of the likelihood of an event 
occurring and the consequence of the event on something of importance. This frames the starting 
point of a risk assessment as thinking about, risk to what value?  and risk from what stressor? . 
These two simple questions still underly most risk assessments, and most still focus on one activity 
(risk from what stressor) influencing one species or habitat (risk to what value).  
 
We suggest that this simplistic view is no longer enough. 

To support ecosystem-based management and  principles, especially in the current 
proposed Aotearoa New Zealand management landscape, risk assessments for decision making 
need to include looking forward to restore rather than just protect, and to assess risks to success 
associated with a range of possible actions (scenario testing).   
Risk assessments need to deal with cumulative effects from multiple stressors as very few 
marine areas in Aotearoa New Zealand are affected by only one stressor. 
To support ecosystem-based management, risks to multiple social (including economic), cultural, 
and ecological values all need to be assessed.  

 
1 This document is a compilation and summary of other works, designed to be easily accessible. References are found 
throughout. 
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In this document we provide a decision tree to assess common risk assessment methods currently 
used in Aotearoa New Zealand and show the application of three risk assessment methods in three 
case studies. We also show the application of different methods using four case studies. 

| our methods 

The projects explored several streams of evidence and information. 

Table 1: Research methods across projects

Key questions  Methods Activity 

Outputs that 
discuss the 
methodologie
s  

professionals, via existing frameworks?   Literature reviews  

 

frameworks and approaches 
to risk and uncertainty 

Hyslop et al, 
2022; Le Heron 
et al, 2023j, 
2022 

How do various disciplines know and understand risk and uncertainty?  

What are the critical influences on perception of risk and uncertainty?   

Disciplinary positions on 
perception of risk and 
uncertainty 

What are the successes and difficulties associated with enacting Te Ao 
   

Interviews and 
document 
analysis  

 

 

experts

 

How do different (conflicting) perceptions of risk and uncertainty play 
out in decision-making in Aotearoa-NZ? 

How do these perceptions enable maintenance of existing worlds or 
creating new ones?  

The emphasis is on making highly visible the investment pathways that 
are presented, implicitly and explicitly, by the different worldviews being 
championed. 

Document analysis of 
historical case studies (3): 
Chatham Rise phosphate 
mining, Okura Development, 
and mangrove management 
around Aotearoa

What are the practical realities of the influences of different perceptions 
in a consenting process?   

Interviews with key 
informants (8) associated with 
the case studies 

What risk assessment methods are presently used and are they capable 
of considering recovery strategies, ecological dynamics, ecological, 
social, cultural and economic dependencies and desired outcomes? 

 

Literature reviews 
Assessment of present 
methods and creation of a 
decision tree to allow quick 
comparisons 

Clark et al, 2021, 
2022, this 
document  

 

What kind of risks are government stakeholders concerned about? 

Workshop and 
survey with co-
development 
partners 

Analysis and report Clark et al, 2021 

 Can we improve our risk assessment methods? 
Case studies 

Cumulative effects modelling, 
Development of principles for 
Cumulative effects 
assessments that can be used 
in areas with sparse western 
science data, Comparison of 
two methods by Moana and 
ICP

Bulmer et al in 
review, Rullens 
et al, 2022b, 
Gladstone-
Gallagher et al, 
in review, this 
document 
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The combined methods and lines of research allowed unique issues to be pursued and a deep 
understanding to evolve of nuances of risk perception in decision choices and practice in Aotearoa 
New Zealand (for more detail see E. Le Heron et al 2022b and R. Le Heron et al, 2022) and those 
involved in decision making to select methods that will support the broadest participation base 
(Clark et al 2022). From this knowledge base, we developed this guidance document.  

Work conducted for   outside this 
particular document includes example applications and methodological developments for 
accounting for risk and uncertainty in spatial planning (Stephenson et al, 2021; Mouton et al, 2022; 
Reichelt-Brushett et al, 2022; Watson et al, 2022; Lohrer et al, 2023), developing methods for better 
understanding, visualising and communicating changes in ecological risk with cumulative impacts 
(Rullens et al, 2022b; Armoudian, 2023; Gladstone-Gallagher et al, in review), applying methods for 
assessing the impacts and risks from climate change (Anderson et al, 2022; Rullens et al, 2022a; 
Stephenson et al, in review), and exploring novel methods for combining outputs and tools for 
interdisciplinary risk assessment (Bulmer et al, in review; Rullens et al, in review). 
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 a summary 

Our research offers five important recommendations to implement ecosystem-based management 
-making and the wellbeing of the 

environment.  

This section summaries these recommendations, and the rest of this document explores them in 
more detail. Quick guide 1: perceptions of risk and uncertainty influence marine management 
decisions also summarises the findings and recommendations. 

1. Reconceptualise risk and uncertainty for ecosystem-based management and Te Ao 
  

The way risk and uncertainty is now used for environmental decision-making in Aotearoa New 
Zealand does not work well for ecosystem-  To broaden practices, a 
shift is needed in investment decisions from prioritising the economic in to prioritising the 
environment as the overriding frame for organising decision pathways. Also needed is a 

ption.  
 

2. Expose worldviews, discipline, and positionality to unpack perceptions of risk and 
uncertainty  decision makers need to understand these invisible shapers of risk 
perception 
Decision-makers must position themselves in both their professional and individual roles and 
become aware of the hidden influences that impact risk and uncertainty framing in different 
situations. 

 
Knowing the main active worldviews in Aotearoa (Dominant Social Paradigm, New 

acknowledging that some worldviews hinder 
progress towards ecosystem-
represents a way forward to decision-making for longer term, wider ecological aspirations. 

Relevant references 
Diagnostic tool 1: Unpacking perceptions of risk and uncertainty  

  
Quick guide 3: tara me te haurokuroku (risk and uncertainty) 
Quick guide 4: Tools to help navigate perceptions of risk and uncertainty 
Appendix 3: What data is needed for flourishing futures?  
  
 

3. Think about the implications of worldviews, positionalities, and disciplines and 
negotiate a pathway for enacting ecosystem-based management and incorporating Te 

-making  
Decision-makers can take steps to go beyond the existing dominant perceptions of risk and 
uncertainty, to help open possibilities for new directions. 

 
Regardless of the resource-change issue, Aotearoa New Zealand decision-makers are left without 
much guidance on weighing claims, rights, and obligations. The cascading steps format of the 
Diagnostic Tool 2 assigns Tiriti issues and partnerships top priority as they affect what is 
imagined as environmental and economic futures, and what risks and uncertainties might be 
attached to them. The Guidance for Diagnostic Tool 2. HUAT Working with risk that follows in 
this document adds detail and a wealth of examples. 
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Relevant references 
Diagnostic tool 2: Working with risk and uncertainty 
Quick guide 4: Tools to help navigate perceptions of risk and uncertainty 
Appendix 3: What data is needed for flourishing futures? 
 
 

4. Select a risk assessment method that is capable of meeting ecosystem-based 
aspirations  different practices can 

create different futures 
While an application that a risk assessment is for may not need an assessment that that can deal 
with all ecosystem-
include them has b one real benefit. It allows the risk assessment process to theoretically be 
able to incorporate all interests, and clarifies that interests, stressors and values left out of the 
risk assessment have been done so deliberately by those involved in the risk assessment 
process.  

Relevant reference 
Quick guide 5: How to incorporate risk and uncertainty in ecosystem-based management 
 

5. Re-engage continually with diagnostic tools to assess the 
 

Evaluation, reflection, and learning are key to implementing and improving processes. Diagnostic 
tools are not one-stop tools. At key points in any process, decision-makers should revisit and re-
use them. Being open to re-engaging with tools means being in a stronger position to make 
sense of achievements and any barriers to not taking risk dimensions for granted.  

Relevant references 
Rubric 1  
Diagnostic tool 1: Unpacking perceptions of risk and uncertainty 
Diagnostic tool 2: Working with risk and uncertainty 
Quick guide 4: Tools to help navigate perceptions of risk and uncertainty 
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A conceptual overview of the projects and outputs  
The figure below shows an overview of the project concepts and outputs. 

 
Associated outputs Conceptual contributions 

 

 

 

 

 

 

 

Figure 1 A conceptual overview of the projects and outputs 
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Recommendations and guidance in detail 
In this section we expand on each recommendation and give guidance, examples, case studies, and 
tools where appropriate to support each recommendation. 
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1. Reconceptualise risk and uncertainty for ecosystem-

New Zealand 
In this section insights and guidance on the following findings.

Multiple understandings of risk and uncertainty exist. 
Risk and uncertainty are entangled. 
We must reconceptualise | risk and uncertainty. 

 

Multiple understandings of risk and uncertainty exist 

The outcomes of decision-making processes are likely to be very different depending on perceptions 
of risk and uncertainty.  

The social and cultural context in which risk is decided, understood, and experienced is all important. 
disciplines, and positionalities) influence2 on what 

is seen as risky and uncertain, is a pioneering approach that better frames risk towards the 
application of ecosystem-  

Changing decision-making processes to include multiple understandings of risk and uncertainty is 

iwi, understand and expect to experience the impact or implications of an event or change or action 
to or on something they value in different ways, using different words and concepts.  

A T -centred approach has much to offer risk and uncertainty thinking  in natural resource 
management and is well aligned with current environmental policy directions and aspirations of 
ecosystem-based management.   

Dominant, more narrow, perceptions of risk and uncertainty can be compared with broader 
perceptions of risk and uncertainty worldview and 

 

Dominant perceptions of risk and uncertainty are a product of the Dominant Social Paradigm 
worldview and heavily influenced by the disciplines of economics, law, and sciences. These 
perceptions of risk and uncertainty are usually about loss, change and financial cost-benefit analysis, 
focusing on trade-off rather than new directions of action. They can also be about not achieving or 
partially achieving the outcome aimed for. Dominant perceptions of risk and uncertainty are about 
hazards and probability, ing  and reducing they can be modelled. 

These dominant perceptions can hinder change because they e
societal structures, legislation, governance, and industry practices and are embedded in science 
research and methodological practices.  

 

 
2 Much can be said about the influence of worldviews, positionalities, and disciplines on conceptions of risk and 
uncertainty. Recommendation 2 discusses this in more detail. Please also see our published papers for a deeper 
explanation of why these are so important.  
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Having one dominant understanding of risk and uncertainty reduces the scope of possibilities or of 
identifying new options, a factor often overlooked.  

In Aotearoa New Zealand, the dominant understanding of risk is couched predominately in economic 
terms when making decisions with available information. This understanding cultivates an ethos of 
self-interest and maintains the status quo of power relationships and privileges.  

Dominant . This means thinking 
about reducing the risk of financial cost, or about reducing degradation  instead of focussing on 
enhancement or recovery and elevating environmental goals and actions. 

But there are other ways to engage with te taiao | the environment. Ecosystem-based management 
practices and Te A
environment in a holistic and inclusive way, with principles of sustainability, co-management, and 
partnering.  

The Sustainable Seas National Science Challenge explicitly endorses and seeks to encourage 
ecosystem-based management  

Broader, more inclusive perceptions of risk and uncertainty work towards ecosystem-based 
management . These perceptions are a product of New Environmental and Te 

 worldviews and are the a localised environment and 
environmental conditions.  

Broader perceptions of risk and uncertainty align with ecosystem-based management thinking and 
 Broader perceptions are not yet embedded, but an appetite for change enlivens 

thinking towards a holistic view of risk and uncertainty that includes, but goes beyond, known 
outcomes, restricted economic thinking, or probability calculations. 

This broader s of longer timeframes 
and future generations.  

-enhancing practices  
dominant euro-

centric and techno-centric perspectives  focus on mana-enhancing processes and 
practices rather than prevailing risk assessment and mitigation strategies.  

Enhancing the mana, or the intrinsic value of natural resources, provides an alternative to more 
reductionist approaches of standard risk assessments and reducing uncertainty in current natural 
resource management decision-making. Decision making parameters must shift to support the mana 
o te taiao, not just reduce risk in conventional terms. At first this shift may seem hard to fathom, but 
steps are available to make this transition. 

holistic, multi-dimensional, 
interconnected, and values based, and can be used to guide more ethical and moral risk 
assessment as an alternative.  (Hyslop et al, 2022)  

A Te A  uncertainty, which extends 
 to future generations.  

balance in all things, between competing economic, sociocultural, and environmental drivers, and in 
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a general 
exists within Aotearoa New Zealand

policy space.  

Many policymakers 
resource management (NRM) policy. However, to date, implementation of policy responsive to 

 and partial.  

uncertainty, these steps below are essential.  
Frame .  
Avoid the gratuitous co-  
Provide adequate resources natural resource management.  

We need to carefully and collectively navigate these challenges to put in place and realise the 
-enhancing natural resources alongside more technical 

and scientific approaches.  

processes 
Whakapapa: provides a place or whenua baseline for assessing responsibility and environmental risk. 

Kaitiakitanga: describes the interface between the spiritual and the physical dimensions of natural 
resource management (NRM). Is a process that regulates human activity with te taiao. 

Mauri: the form of value that indigenous risk management responds to. 

Mana: fundamental importance of natural resources for well-being of the wider environment, not just 
for humans. (Hyslop et al, 2022) 

Some tools 

: . 

Maramataka: intimate knowing of environmental processes that helps to predict environmental 
impacts, reduces uncertainty, and maintains balance. 

Figure 2 in terms of risk and uncertainty. 

Te A
regulating behaviour, Hyslop et al (2022) offer definitions that describe mana, mauri, whakapapa 
and kaitiakitanga in terms of risk and uncertainty. This goes a crucial step further than the usual 
more generic definitions of mana, mauri, kaitiakitanga, whakapapa, and is useful in terms of 
interlinking conceptions of risk and uncertainty with practices and processes. 

People will likely identify themselves as having a mix of dominant social paradigm, new 
environmental paradigm and Te A  as the world is messy and complicated (see 
Recommendation 2 for more on worldviews). However, dominant understandings that are 
embedded in practice are difficult to shake, even when individuals may wish otherwise (see (Hyslop 
et al, 2022) for excellent examples of this tension in the TAM context)3.  

 
3 For further guidance see Appendix 1: What is my worldview? A short self-reflective exercise, and Appendix 2: Worldviews 
and legislation 
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Risk and uncertainty are entangled 
Perceptions of risk and uncertainty are inextricably bundled and considering them as separate 
components that can be quantified and known requires careful attention and consideration in a 
decision-making process.   

the compartmentalisation of knowledge in western science thinking, where complex issues are dealt 
with in this way. However,  perspective understands and prioritises the connections 
between ecosystems. The lessons learned from hazards over time has created a database of 
potential risk (maramataka) and behaviours about looking after the environment (manaakitanga4). A 

together. 

When communicating with the public, similar entanglements of risk and uncertainty occur because 
risk is often considered to include uncertainty.      

Conceptualising risk-and-uncertainty together, means that progress past siloed definitions can be 
made, moving into how risk and uncertainty operates in the world, for different circumstances, 
worldviews, and people. 

Overall, uncertainty tends to be debated in detail when choosing an action regarding a value or 
 However, different kinds of uncertainty exist in risk discussions5. For 

example, political uncertainty and process uncertainty are very different from scientific uncertainty. 

In the environmental policy world, risk is the framing of known uncertainty. Unknown uncertainty 
(unquantifiable) is ignored, although its dimensions are increasingly being researched.  For example, 
work on extreme events, events that are outside the realm of our present experience and beyond 
our expectations. Surprising, extreme events have been labelled black swan  events  (Taleb, 2007). 
They differ from high consequence events with low probability in that black swan  events cannot 

be predicted from our present knowledge, understanding or beliefs  (Aven, 2013).   

Importantly, uncertainty exists in all disciplinary endeavours and within all decisions but is rarely 
acknowledged. It s more helpful to explore the different perspectives regarding uncertainty, than try 
to produce a single definition of certainty. This moves the ground towards forward-looking decision-
making where alternatives are foregrounded. 

 
4 -local levels (Tipa, 2022). 
5 For a discussion on the types of uncertainty and how they compound see Hanna et al (2020)  
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Uncertainty influences how people process risk

The project was tasked with perceptions of risk and uncertainty and these are thoroughly 
entangled. The severity of consequences or desirability of a certain outcome often influence 
perceptions of risk and the uncertainty involved. Time horizons also play a factor in assessing risk 
and uncertainty ( , ie too far ahead to worry about ) and time horizons vary with 
worldview. In short, people can behave very oddly around risk and uncertainty, often disregarding 
them both if desire for a certain outcome is high, or downweigh unexperienced risk if an outcome is 
favoured.

Uncertainty and risk, as seen in the above examples can be confusing and understood differently.

Example A: 
risky; if the risk is uncertain, then it is seen as less because it might not 
happen.

If geologists are certain that there will be a 7.1 earthquake in Wellington at a 
depth of 5m in the next 10 years, then the risk of (or from) an earthquake in 
Wellington, can be quantified. If geologists were uncertain about this 
happening, then the risk would be seen as less.  

Example B: in a contrary example; 
also be perceived as less risky; and if it is uncertain, then the risk is seen as 
greater (which is the opposite of example A)

Quarry bosses want to know in quantifiable terms what the risk of hitting an 
isolated patch of highly carcinogenic rock (causing airborne pollutants). In this 
case, if the risk is known (certain) they can act to mitigate against it, and the 
risk becomes le

Example C: a home on a coastal cliff. A high value house with a one hundred 
percent chance of cliff collapsing and taking house with it in the next year no 
one will build or buy. But if there is an eighty percent chance of this occurring 
in the next 50 years, a person might take engineering measures such as 
building a retaining wall, might reflect on their memories of weather and 

much want to have a home with a spectacular view and decide to proceed in 
and uncertainty situation, often by not acknowledging it (rather 

than accepting it), or by transferring the responsibility of risk to others (eg to 
the council who give a permit or engineers who provide mitigation measures).
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We must reconceptualise | risk and uncertainty

Project 3.1 has identified that, conceptually and empirically, the dominant understandings of risk 
and uncertainty do not work to further ecosystem-based management or Te A We 
know that there is contestation in multiple settings, unresolved conflict, and degradation of the 
environment, and that a dominant social paradigm (DSP) understanding of risk compounds the 
difficulties of stepping towards sustainability, co-management, and co-governance.

Figure 3 Reconceptualised perceptions of risk and uncertainty

A shift is needed from prioritising the economic in investment decisions (allowing vested interests to 
steer the direction of investment and the relations between economy and environment), to 
prioritising the environment as the overriding frame for organising decision pathways. It means 
implementing new paradigms (ecosystem-based management alongside ) to improve 
decision-making to improve risk and uncertainty management and wellbeing of the environment.

This new concept of risk and uncertainty as multiple and grounded is needed to further ecosystem-
based management and fulfil Te Tiriti partnership commitments. Today, the perceptions of risk and 
uncertainty, and the practices, processes and tools often applied to describe risk and uncertainty are 
frequently dominated by a particular view. Decision-making processes and future agendas are 
dominated by monocultural worldview thinking. This dominance generates detrimental outcomes 
for those holding contrasting perspectives.

We invite readers to undertake a risk and uncertainty journey with the broad future-oriented 
reconceptualisations of perceptions of risk and uncertainty in mind. Through undertaking a risk and 
uncertainty journey the reader will begin to reflect on what positions underpin legislation, how and 

Risk and uncertainty are defined differently in 
different circumstances and worldviews

One dominant understanding of risk and 
uncertainty often frames decision-making, to 
the detriment of other possibilities

Understandings of risk and uncertainty that 
work towards ecosystem-based management

futures, because these conceptualisations of 
risk and uncertainty include:

mana-enhancing approaches (principles 
based)
an understanding that risk and uncertainty 
are bundled
a holistic view of risk and uncertainty that 
includes but goes beyond outcomes, 
economics or probabilities uncertainty 
thinking about impacts on desired futures 
linking to Te A
longer timeframes and future generations.

Perceptions of risk and uncertainty are: 

the way that individuals, institutions, communities, groups, 
understand and expect to experience the 

impact/implications of an event or change or action to/on 
something they value eg a place or activity, or relationship) 
or a desired future outcome.

(Le Heron et al, 2023j)

Perceptions of risk and uncertainty are understood in terms of 
relationship to a change in value and desired futures. 

A Te A

thinking instead of how an activity can enhance the mana
of a natural resource in the first instance (rather than being 
limited to reducing adverse risk).

(Hyslop et al, 2023)

a criterion that kaitiaki focus on, rather the 
approach is one that is principles based ie restoring the mana or mauri 
of an ecosystem.

A Te A
evaluating risk and uncertainty, and extends the values that are 

to future generations.

Reconceptualised perceptions of risk and uncertainty
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why some outcomes are privileged over others, and consider the nature of the transitions in 
processes, practices and actions may be required to implement new paradigms. An important, but 
bold transition is required at the national scale. 

 

  



20 
 
 

2. Expose worldviews, discipline, and positionality to 
unpack understandings of risk and uncertainty  

 
How do you become aware of hidden influences that impact risk and uncertainty framing in different 
situations? This section and 
Unpacking perceptions of risk and uncertainty provides guidance on situating and positioning 
ourselves in both professional and individual worlds and unpacking what risk and uncertainty mean 
in decision-making situations and processes. 

Three invisible factors influence risk and uncertainty.  
Worldviews underpin perceptions of risk and uncertainty.  
Positionality means where you stand matters.  
The impact of disciplinary training influences perceptions. 
A diagnostic tool can help unpack perceptions of risk and uncertainty.  

 

Three invisible factors influence risk and uncertainty   
Our research shows that decision-
worldviews, disciplinary training, and positionalities. Worldviews are the key factor: the most 
extensive and invisible influences on uncertainty and risk perception, although disciplines and 
positionalities have surprising roles to play.  

Here we integrate research findings from three sources: a benchmark study (Thomson, 2013) 

where a case is made that Te Ao -based (Hyslop et al, 2022; Rout et al, 2021); and the 
synthesis and analysis of the current project. Our research showed that a significant synthesis could 
be achieved, however, if we began, with an illustrative self-reflective conversation in which a person 
ponders their encounters with risk and then proceeds to explore risk and riskiness.   

Our research quickly showed that mainstream views on risk are not suitable for the societal shift of 
enabling ecosystem-based management and integrating Te A
findings point to many taken-for-granted assumptions about risk by people, and the inability to 
conceptualise multiple influences on which decision-makers decide and judge risk features and 
consequences (Le Heron et al, 2022b).   
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Figure 4 Identifying three (often invisible factors influencing perceptions of risk. Source (Le Heron et al, 2023a)  

 

Worldviews underpin perceptions of risk and uncertainty 
A worldview is how an individual believes the world works or should work.   

According to psychologists, worldviews underpin environmental attitudes and behaviour and can 
provide insight into the different perspectives an individual brings into a decision-making 

to behave in certain ways or to support certain viewpoints (Le Heron et al, 2023a) (Le Heron et al, 
2023a). The potential collision and almost inevitable co-existence of the worldviews is apparent in 
the figure below. 

Three dominant worldviews are in Aotearoa New Zealand  

- Te A  
- New environmental paradigm 
- Dominant social paradigm 

The invisibility of these factors leads to conflict, because often the origin of the disagreement is 
hidden by unacknowledged or unexpressed differences. By making these differences visible, we can 
begin to identify where disagreement occurs and more importantly, why it occurs, and what the 
implications of differences and potential similarities might be. 
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Figure 5 Risk and uncertainty are perceived relative to worldviews. Source (Le Heron et al, 2023j)  

As organising frameworks, worldviews structure beliefs of what the world does look like, and what 
the world should look like. These organising beliefs about the world help people make sense of 

one worldview, 
environmental degradation may be an acceptable risk. In another, economic loss is more acceptable. 
In a third, it may be risky to think in non-holistic ways. These simple examples acknowledge the 
influence of worldviews on the everyday, and on everyday decision-making.  

Worldviews can be both individually held and held by societies at large. It is useful to think about an 
individual living by the premises of several worldviews instead of having a single worldview, and 
often being in places where they are subconsciously trying to resolve tensions amongst worldviews. 
It is important to recognise that parts of any worldview are shared by many people in the 
community, other parts differ for individuals, and so worldviews (of different people) are shared yet 
unique and influenced by power relations and politics. What therefore becomes important is finding 
ways and tools to lay out the differences and points of connection. 

This table shows key aspects of each worldview. It shows differences and similarities of focus that 
have risk implications, but it also acknowledges by association their co-existence (E. Le Heron et al, 
2022b). 
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Dominant social paradigm 
(DSP)   

Bountiful world for resource 
extraction 

  

1. Economic growth and 
progress are paramount   

2. Abundance of resources, 
resources are to be 
exploited.   

3. Government interference is 
limited  

4. Private property rights and 
business-as-usual is 
supported 

5. Faith is placed in science and 
technology (view that science 
is value free)   

New environmental paradigm 
(NEP)  

Nature as a limited resource, 
protectionist    

1. Protecting the environment is 
more important than resource 
use   

2. Nature is seen as a delicately 
balanced limited resource  

3. Non-materialism favours 
participatory structures & safety  

4. Trusts democracy rather than 
experts  

5. Humans should live in harmony 
with nature  

6. Science and technology are limited 
(and value-laden)  

Te A    

Relational environmental approach 

 

1. Priority is given to outcomes of mutual 
benefit to kin groups and ecosystems   

2. Extracting resources is okay if it builds 
intergenerational benefits  

3. Conceptualises ecology as social 
relations, ie te taio is always in-relation-
to humans as humans actually are 
relatives/related to/descended from the 
environment  

4. Behaviour is regulated by concepts of 
mana (power, authority), tapu 
(sacredness) and mauri (lifeforce)  

5. Core principles are: kaitiakitanga 
(sustainable management), whakapapa 
(connectedness) and manaakitanga 
(reciprocity)  

Table 2 Key aspects of Aotearoa worldviews. Adapted from (Le Heron et al, 2023j) 

In Aotearoa New Zealand three worldviews are strongly present  the Dominant Social Paradigm 

paradigm (TAM). DSP and NEP are well established in the literature (Dunlap, 2008; Dunlap and van 
Liere, 1984; Hawcroft and Milfont, 2010; Thomson, 2013) and a growing literature supports TAM 
(Rout et al, 2021; Salmond, 2014).   

The DSP and NEP approach risk as something to be minimised, whether to aid earnings from 
resource use or reduce environmental impacts. However, TAM is fundamentally place based and 
whakapapa centred. It seeks to enhance mana relating to the moana and whenua.  

It follows that taking seriously the research on three key paradigms active in Aotearoa, means 
acknowledging that some paradigms hinder ecosystem-based management progress because they 
frame investment goals and prospects differently. An ecosystem-based management and Te Ao 

-making for longer term, wider-sense ecological 
aspirations.  

  
Most people will be familiar with the Dominant Social Paradigm (DSP) as it is the context in which 
most institutions, business and individuals organise and operate in Aotearoa, and it is embedded 
into practice. Equally, the New Environmental Paradigm (NEP) is well known and adhered to by 
many. A Te Ao  

Below is an overview of key concepts and principles in Te A , 
and entangled description of the pillars of Te A
A strong message from the diagram is that Te A -based circular 

relationships with resources in their widest sense. 
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Figure 6 Te A  

 

For further guidance see Appendix 1: What is my worldview? A short self-reflective exercise, and Appendix 2: 
Worldviews and legislation. 

For more detailed information on the three worldviews introduced here see (Le Heron et al, 2023j) Why do 
we argue about risk? The invisibility of worldviews in marine decision-making and Quick guide 2: Worldviews 

. 

Positionality  where you stand matters 

who is static and whose perceptions are fixed and knowable; this means calculations can be based 
on stable assumptions about behaviour. We argue there i
understand risk and uncertainty. Instead, there is a complex myriad of interactions involving roles, 

the situated knowledge and experience of place and attachment to place that an individual may 
have in a given situation. This idea has been overlooked in many disciplinary literatures and in most 
applied studies.

This complexity is well illustrated by Figure 7 which illustrates differing situated reactions to a rain 
forecast (Blackett et al, 2017). 

perceptions.  If a person is inside, the rain will not affect them the same as someone taking their 

they had paid attention to the maramataka and who is concerned about storms. 
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Of course, this figure is a simplification, though importantly an illustrative proof that different kinds 
of positioning exist and what they might mean. In decision-making about competing resource uses, 
those involved in debate may occupy multiple positions. Our invitation to the reader is to note the 
different backgrounds of those in a meeting. How are official positions or background training and 
experience impacting on their arguments? Are they concerned with professional or financial risks 
rather than 

 (E. Le Heron et al, 2022b). 

Figure 7: Rain explanation of positionality. Source (E. Le Heron et al, 2022a) 

Disciplines  the impact of disciplinary training influences perceptions 
Disciplinary training frames risk and uncertainty assessment in any given situation. Disciplines and 
professions offer a panorama of perspectives on what risk might seem to be. They teach ways to 
think, critique, and scrutinise the world. However, identifying disciplinary differences towards risk is 
one thing; recognising the effects of disciplinary hierarchies in decision-making contexts is another.  

internalised from instruction. What do disciplines know about their frameworks of abstraction? This 
 

thinking and what is excluded as a result. 

Figure 8 Role of disciplinary training on perceptions of risk. Source (E. Le Heron et al, 2022a) 

Insights from our research suggest that in a consent process, how disciplines think about risk and 

For example, lawyers , seeing risks as 
procedural. Physical scientists may focus on the risk of a stressor occurring. Eco
maintaining ecosystem function and integrity, mean risks might be framed in terms of ecosystem 
responses. Social scientists may consider socially just and equitable elements, so risks may be 
constructed around ideas of inequality, access, or socio-economic factors
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desire outcomes that maintain relationships between themselves and ecosystems and future 
generations, retaining or enhancing mauri, so risks are considered in terms of responsibilities.  

Natural hazard specialists understand risk as a product of exposure to a hazard and the 
consequences of that hazard.  In essence, each discipline thinks about risk and uncertainty and how 
we can come to know and explain risk in, subtly different ways. Even within disciplines, thinking may 
vary, for example biochemists and ecologists may differ in their positions, as may neoclassical and 
environmental economists.   Which of these is given priority or weighting? How does this matter for 
choice of tools or processes, decision-making and outcomes?  

A diagnostic tool can help unpack perceptions of risk and uncertainty  kia 
 

Figure 9 below  Diagnostic tool 1  Unpacking 
perceptions of risk and uncertainty has a package of complementary questions that ask about 
worldviews, disciplines, and positioning.  

What risks make sense in my worldview? What risks might make sense in another worldview? 
How does where I stand affect my perception of risk? What might other people think is risky 
because of their situation? 
How does my training affect what I think is risky? What might people who have trained in 
different disciplines think is risky? 

These questions are directed at outlining context and circumstance, which are important in probing 
risk. What has struck the audiences at our research presentations is the relationality and connections 
of the influences. Seen together they both assemble and unpack grounded perceptions of risk and 
uncertainty.  Different spatial and temporal scales of the risk journey will demand deeper 
interrogation and analysis. 

This diagnostic tool takes the reader on a journey from the realisation of hidden influences on 
understandings of risk and uncertainty, to thinking through what those influences (worldviews, 
positionalities, disciplines) mean for risk decision-making and outcomes.  
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3. Think about implications of worldviews, 
positionalities, and disciplines and negotiate a 
pathway for enacting ecosystem-based management 

-
making   

Many hidden influences and their ramifications can be identified on how risk and uncertainty can be 
framed in different situations. Steps can be taken to go beyond dominant social paradigm risk 
formulations.  

In this section we introduce another diagnostic tool with steps and questions to help work with risk 
and uncertainty in marine decision-making. We also explain how to use the tool. In this section: 

 and uncertainty 
Case study guidance on how to use Working with 
risk and uncertainty 

| diagnosing and working with risk and uncertainty for 
ecosystem-based management  

We identified five priorities present in risk and uncertainty disputes in the country (see the diagnostic 
tool in figure 10 below). Regardless of the resource change issue, in Aotearoa New Zealand decision-
makers are bound into Tiriti obligations. Decision-makers face competing evidence claims relating to 
futures, are assailed with many procedural options, encounter legislative constraints, and dictates, 
and are left without much guidance on weighing claims, rights, and obligations.  

The cascading steps format of this diagnostic tool assigns Tiriti issues and partnerships top priority 
(step 1) as the nature of their resolution in context and place affects what are imagined as 
environmental and economic futures and what risks and uncertainties might be attached to them.  

Steps 2 and 3 are next, as once ideas of evidence and tools/frameworks/approaches have been 
worked through, it s easier to recognise how process constrains what s happening (step 4), and what 

. Step 5 is about balancing rights. 

The multi-directional questioning (down and across) in the figure is intended to trigger new, focused 
thinking and to help decision-makers be constantly mindful of the opportunities for relationship 
building. 
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How to use 
Working with risk 
This section uses case studies to help show how to use diagnostic tool 2. 

Three case studies show the influence of worldviews, positionalities, and disciplines 
on ecosystem-based management decision-making 
The guidance here offers a way to navigate the complexities of risk perception (and differing 
viewpoints) in decision-making contexts (Le Heron et al, forthcoming).  

Case study examples show how worldviews, positionalities, and disciplines matter in the Aotearoa 
New Zealand ecosystem-based management decision-making context. We use examples to highlight 
the presence of these factors and issues in already existing situations  to make visible some of the 
hidden influences at work. These influences will be at work in any given setting and this tool will help 
identify them so they can be examined. Careful examination of the underlying influences will 
highlight some of the reasons for difference (and conflict) and provide signposts for practitioners as 
to how to structure more productive dialogue.   

Table 3 Quick summary of case studies

Example 
explores 

Worldviews  

Disciplines  

Positionalities  

Disciplines 

Positionalities 

Worldviews   

Case study  Chatham Rise deep sea phosphate 
mining application  

Mining permit granted 2013  

Mining consent applied for by 
TRP 2014  

Declined by EPA 2015  

Mining not permitted  

Okura development application 

Urban limit between Long Bay and Okura 
catchments (decisions in 1996,1997,2014)  

Auckland Unitary Plan IHP recommended 
zoning be changed, rejected by Planning 
Committee 2016  

Landowner Okura Holdings appealed to EC, 
dismissed by EC 2016  

Okura Holdings appealed to High Court, 
then withdrew appeal 2018  

Land zone remained unchanged  

  

Mangrove removal consents (around 
Aotearoa) 

Many removals requested at local and 
regional council level (date range)  

Removals approved, removals denied, 
depending on local area  

Changes to RMA sought by one council to 
allow removals, not passed (year)  

Inconsistency in decisions  

Why? Deep sea mining for phosphate in the 
Aotearoa New Zealand context 
initially seemed unproblematic. It was 
a clear example of mining interests 
being able to assert a social licence 
based on export earnings and 

experience in mining at depth. This 
relied on DSP prevailing. 

However, the apparently simple steps 
connected with seeking a mining 
consent hide a very complex 
consenting situation.  

Te A
play, in a manner that exposed the 

Okura should be seen as a clash of two 
trajectories  a succession of development 
proposals across Auckland City and a localised 
environmental movement that galvanised around 
impacts on the marine reserve.  

Disciplinary influences intruded on many levels. 
Instead of engaging around environmental claims 
per se the arguments and stories assembled were 
re-phrased into technical discussions about the 
adequacy of models used by experts. Model 
choice, structure, application domain, findings 
and errors at every stage were debated in 
technical terms. 

The decision was eventually made in terms of the 
Unitary Plan framework which rephrased the 

The range of removal decisions over time and 

mangroves depends dramatically on where, 
when and who is involved.  

Clash of worldviews  economic (property 
value) versus protectionist or 
relational (aesthetics and recreation, 
connections)

Impact of positionality  those able and 
resourced to lobby for the council differed 
greatly, and influenced decisions made. 
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limits, in the current context, of the 
prevailing DSP and NEP worldviews. 

Clash of worldviews  economic, 
extractive versus protectionist or 
relational. 

argument into a pan-Auckland narrative. The 

without cognizance of city-wide matters (DSP) 
was challenged. 

 

Questions and examples can guide each step of diagnostic tool 2

Diagnostic Tool 2 Working with risk and uncertainty offers helps link different perceptions of risk to 
the key interrogating questions that investigate and document priorities.  

The following section steps through the tool with three case study examples from table 3 above.  

Chatham Rise phosphate mining application  
Okura development application  
Mangrove removal consents  

Each step has its own one-page guidance, including questions to ask, examples, and suggested tools 
and frameworks.

| Get ready: warm up! 
Guidance on unpacking perceptions of risk and uncertainty

Use this part of the diagnostic tool 2 to go on a risk journey: from the realisation of hidden influences on understandings 
of risk and uncertainty, to thinking through what those influences (worldviews, positionalities, disciplines) mean in terms 
of risk decision-making and outcomes.  

Diagnostic Tool 1  
Unpacking perceptions of risk and uncertainty. 

Invisible factors 

What is risky in different worldviews? 

How does your positionality change risk? 

How does your discipline teach you to think of risk? 

 

W five steps of the diagnostic tool 2 to ask how worldviews, positionalities and disciplines 
contribute to the key aspects in decision-making processes. 
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Ko te mahi tuatahi | step 1: How are Treaty partnerships enacted? 

The principles of Te Tiriti can be enacted through process (engaging with and empowering the right 
group) and ethics of practice. If this is done well, many other issues can be smoothed over. The Tiriti 
o Waitangi principles (partnership, participation, protection) provide a foundation for developing 

, setting the scene for 
successful collaborative decision-making processes.  

s important to 

perspectives, and interests. Adequate resourcing for all partners involved is essential for successful 
collaboration (Harmsworth et al, 2016). 

 

Ko te mahi tuatahi | step 1 

 

How can this situation be improved? 

·    Continually anchor ourselves back in Aotearoa NZ setting  Te Tiriti, principles, ethics 

·    Desire to learn and reflect on personal positions and what assumptions and limitations that brings  

·    Moving forward needs to focus on ethical decisions  equity, justice, power, historical making guidelines 

·    Accept multiplicity of worldviews as the norm 

·    Pursue diversity   

·    Acknowledge difference between diversity and co-governance  

-EPA) have advocated in the past for a Treaty-based partnership decision-making model, 
-

independently before coming together, but this has not yet happened. It was suggested that the current Resource 
Management Act reforms could provide an opportunity to see whether these Treaty-based models might be palatable 
for the Crown. 

Ask the questions: 

·   What are considered (currently) suitable Tiriti partnership approaches? 

·   What does this mean in decision-making processes? 

Frameworks:  

These are frameworks 
collaborative processes, and desired outcomes (worldviews)  

Tikanga Process Model: A tikanga- -step 
process for optimal freshwater planning and management outcomes, starting with a Treaty-based framework for 
engagement and policy development. (Harmsworth et al, 2016) 

Te Mana o te Taiao  Aotearoa NZ Biodiversity Strategy (2020): upholding the ToW is an essential foundation of 
working together in partnership towards a shared vision for nature will ensure that rangatira (chief) 

  (Department of 
Conservation, 2020) 

framework, which is designed to enable decision-
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informed by Treaty principles, which sit diagrammatically at its core. (Environmental Protection Authority Te Mana 
Rauhi Taiao, 2020) 

NPS-FM  National Policy Statement of Freshwater Management (2014): recognises the importance of the Treaty, 
stating: -
relationship with regard to freshwater resources. Addressing tangata whenua values and interests across all of the 
well-beings, and including the involvement 

(Ministry for the Environment, 2020)  

Disciplinary influences 

Social scientists (including geographers and economists), natural scientists, planners, lawyers etc will have been 
   

This will have a huge impact on their ability and capability in the processes of enacting co-governance.  

Positionality of individuals and groups 

Personal experience on marae, in schools/kura, with iwi, at home, will all influence how individuals and groups 
approach Treaty partnerships and relationships.   

Flexibility matters.  
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Ko te mahi tuarua | step 2: What is evidence?   

Evidence is codified knowledge presented in a way that is seen as credible to base decisions on.  In 
other words, knowledge is a set of ways of knowing and understanding how the world works, while 
evidence is the physical measurable (qualitative or quantitative) aspect of the application of 
knowledge.  For example, knowledge is the understanding that the earth moves around the sun, but 
evidence is the ways that we know and can measure or observe this to be true.   Underlying 
knowledge 
local.  Evidence is given different weightings by decision-makers depending on the legislative context 
and the worldviews/disciplinary training/positionality of decision-makers. Evidence is also presented 
in particular ways by different parties to seem most credible in any given context, and according to 
worldviews, positionalities, and disciplines. This may mean much knowledge is not included, which is 
why the ability to incorporate multiple knowledge types into risk assessment methods is important. 

Ko te mahi tuarua | step 2  
Guidance on expanding what is evidence

How can this situation be improved? 

While legislation is unlikely to be changed in the short term, decision-making bodies and individuals can be supported to 
acknowledge, learn about and champion different types and sources of evidence. It takes engaged and motivated individual 
decision-makers to make the extra effort to look past the legislation in front of them that does not make it easy to give weight 
to other evidence. 

So often I remember workshopping with some of our decision makers and they would say, often we wanted to add a 

had to find other mechanisms to justify that decline.   

Ask the questions: 

What is and is not considered evidence? Why might that be? (to help with this, think positionality, worldview, 
discipline) 

What do I think is evidence? How do I rank these? 

What does this mean in decision-making processes? What information is being rejected? 

How does process constrain content? (for example, fitting answers to context narrows what is presented)  

What work do the different types of evidence do for the collective/society?  

Is the evidence place-based rather than universal or general evidence? 

Examples:  EPA decision-makers  

Have traditionally given unequal weighting to different types of evidence, with technical or western science evidence given 
-based evidence.   

the same regard as techno-scientific evidence.  

a lot of the regulatory policy provides the opportunity to identify what the issues, what the interests might be that 
-makers 

actually have to use, that are outlined clearly in the Act, none of them refer to any of that, they are all very 
quantitatively based criteria.  

- -based evidence and 

evidence remains hampered by the existing legislative requirements).  

Okura development 
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Disciplinary training affected what was considered evidence at different times  

Treated some evidence as more credible or important than others  

There was a mix of experts involved. But who was missing? And why?  

Chatham Rise phosphate mining 

Positionality of interests affected their concerns and arguments  

Everyone   

Commercial fishing: mining affects fishing breeding grounds; bring in fishing models and evidence for argument  

Submitters who believe in the intrinsic value of the benthic environment: argue that there is not enough evidence in 
the models that mitigation is possible.  those with local interests (Crown and iwi) were more concerned with place-
based impacts.  

Applicant: argues mining will bring jobs, GDP, also employer positionality; economic modelling is used as evidence. 
Applicant was not locally based, so universal concepts and general mining evidence were applied.   

See also Appendix 3 What kind of data is needed for a flourishing future? 

Ko te mahi tuatoru | step 3: What are suitable tools? 

Tools and frameworks are simplifying procedures that enable us to operate and make decisions in 
the world. However, they must be contextualised, recognising assumptions, strengths, and 
limitations. It is key to be aware of and consider the (assumed) worldviews, disciplinary training and 
positionalities that underpin the selection, utilisation and outputs of any given tool or framework6. 
The makeup of those involved will impact what appropriate tools might be, as access to tools differs.  

Ko te mahi tuatoru |step 3  

How can this situation be improved? 

Review what tools and frameworks are available and to whom. 

Keep looking for newly developed tools and frameworks, eg, 
policy  

By improving decision-
better understand how different tools can have different impacts: who is involved in data collation decisions, what 
data/information is being collated, how data is used/perceived/weighed, and the impact of these on NRM decisions.  

Ask the questions: What are (currently) considered as suitable tools? Whose tools are these (ie, from what discipline or 
worldview) and what does this mean in decision-making processes?  

Tools Worldviews Disciplines 
LGATPA S156(1) of Local Govt (Ak Transitional 
Provisions) Act 2010  

DSP (Dominant Social 
Paradigm) 

Planning, Economics, 
Law 

The Unitary Plan 
The proposed Auckland Unitary Plan  

DSP, NEP (New 
Environmental Paradigm) 

Planning, Law, Ecology 

RMA (Resource Management Act 1991) 
*Clause 15 of Schedule 1 

NEP 
  

Planning, Law

RMA Section 7 Archaeological Assessment  Pa 
site  cultural landscape 

  Anthropology,
Archaeology 

RUB identification (in Table B 1.6.1 (a provision 
of the Regional Policy Statement in Unitary Plan) 

DSP Economics
  

 
6 Tools perform or facilitate operations , aiding decision-making; while frameworks can be considered a basic structure, 
plan or system, as of concepts, values, customs or rules.  However, we do not hold these definitions rigidly, as frameworks 
are also tools of a sort, when they are used to facilitate decision-making. 
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Disciplinary influences on what is risky and what 
  

Example: Okura development 

Reasoning based on legislation, plans, policies, and case law seen as less risky and most fair by lawyers  

Modelling estuarine sediment and systems  applying models comes with assumptions, risks, and uncertainties  

Applying Unitary Plan as least risky by council officers.  

 , each tool linked to worldviews and disciplines. 

CLZ (Countryside Living Zone) NEP, DSP Biology, Economics 
FUZ 
(Future Urban Zone) 

DSP Economics 
Modelling 

GLEAMS model (sediment) DSP Modelling science
Models of single species NEP Modelling science 
Case Law NEP Law, Science expertise 

Tools and frameworks that  or that are cognisant of multiple worldviews, that can 
.  

development of a NCCRA.  
 (Ministry for the Environment, 2019) 

 (EPA) 
(double- -

 (Environmental Protection Authority Te Mana Rauhi Taiao,2020) 

Waka Taurua A dual worldview framework to examine and develop marine co-management - 
  (Maxwell et al, 2020) 

Mauri Compass A tool for assessing and restoring the mauri of oceans, rivers or lakes, accounting for the health of tangata whenua 
(people), whenua (land) and taonga species (important species).  
monitor t  (Ruru, 2015) 

Diagnostic Tool 1 Unpacking perceptions of risk and uncertainty and Diagnostic Tool 2 Working with risk can be applied to processes, models 
and other evaluation and situations. It is intended to provide questions that allow analysis of the status quo, and equitable and just 
interrogation of assumptions at play.  

Conceptually, the tools link with the governance level framings developed by Sustainable Seas. The Waka Taurua framework uses a double-
hulled voyaging canoe to set expectations for how decisions are made. The diagnostic tools are for use in the papa noho/deck space-
between, to aid in negotiating in complex risk and uncertainty decision-making contexts. 

 | step 4: How does process constrain content? 

The applicable legislation under which decisions are made has a large influence on how issues are 
presented, discussed, and weighted. The RMA, EPA, and Environment Court all have rigid processes, 
and these each (differently) constrain the evidence, tools, Treaty partnerships, collective/individual 
rights tensions and how conflicts are framed for consideration.

| step 4 
Guidance on how process constrains content

How can this situation be improved? 

Mandate (through policies, plans, and practice) the taking of other knowledges into consideration. This will expand the 
uncertain and important or not. 

Ask the questions:  

What influence does framing have? 

What does this mean in decision-making process? 

How can we improve this situation and expose other perspectives?   
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-management/co-governance arrangements etc  discussed and referenced in Step 1. 

Natural resource management and policy is framed in a way that reflects worldview. Existing NRM policies and legislation 
largely relate to the dominant risk discourse concerned with reducing risk, or reducing the adverse impacts of an activity (i.e., it 
is related to DSP not TAM/NEP, and regards growth as a given priority). 

 

Examples:  The RMA is the regulatory overseer of land and resource use  

administered by regional councils and local authorities   

through plans that focus on managing the effects of the activities rather than restricting activities 

  

Drafting the plans has always been political, the particular politics varying up and down the country.   

 

In contrast the EEZ zeros in on non-fishing marine uses, alongside the Fisheries Act 1996  

overriding concern is about intrusions into the marine environment.   

minimal guidance on linking risks and consequences.  

explicitly framed in keeping with Te A
    

 

The EPA is  

legally mandated to obtain information from relevant sources to perform its duties.   

contrasts starkly to the regional council situation where issue specific policy development occurs  

implicit power is conferred to applicants. Applicants are in the position to screen out relevant contextual matters, which 
steers the decision-    

applicants to modify their initial case to meet criticisms of other submitters.   

-making tool is compliance based, involving consents, compliance, prevention, prosecution.   

Rather than thinking  this compliance 
(Hyslop et al, 

2022)) 

Disciplinary influences 

In the Okura example, arguments were framed tightly in the litigious Environment Court context [lawyers].   

   

The issue was also framed by the Unitary Plan [planners] and the careful attention to controlling city expansion. 

Framed by which models seen as appropriate evidence (by planners, environmental consultants, lawyers, developers  

 Positionality of actors 

The ability to appropriately produce content/input for the current decision-making framework will vary depending on a 
   

Life experience and views on what is seen as risky or uncertain  
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Resourcing and capacity  

 
Ko te mahi tuarima | step 5: What balance of individual vs collective rights are supported?  

There is a continual tension in decision-making contexts between supporting collective rights and 
supporting individual rights, usually in the form of private property rights. Some interests will be well 
funded to lobby their rights and others will have little capacity or capability to make their view on 
collective or individual rights heard. What is the right balance in any given situation? 

Ko te mahi tuarima | step 5 
Guidance on intersecting worldviews and the balance of rights

How can this situation be improved? 

Ask the questions: 

What is (currently) considered as an acceptable balance?  

Where does this weighting come from?  

Whose interests are served and whose are not? 

What does this mean in decision-making processes? 

Worldviews crucially affect how rights are perceived, and what risks may be taken with the balance of rights.   

Examples:  Chatham Rise phosphate mining proposal 

Collective responsibility of current generations to protect future generations against uranium contamination (through the 

collective rights and responsibilities).   

The precautionary principle was applied (due to EPA requirements around need for 
protection of nursery areas) as harm to benthic communities was certain, but mitigation and recovery were deeply uncertain 
(NEP protectionist desire to separate/protect natural areas for the non-economic benefit of all, and avoid harm to the 
function of valuable ecosystems)  

 Mangrove removal decisions 

Diversity of decisions around the country highlights the extent to which individual property rights are a key component of 
the DSP and are enshrined and protected in legislation.  

Disciplinary influences 

Social science disciplines (e.g., geography, sociology, anthropology) look for interactions and ways to understand societies as 
wholes, often highlighting the need for collective solutions.   

Other social science disciplines like economics, and others such as law (focusing as it does on European based law), focus on 
the individual rights, benefits, and accruals that individuals or individual companies may be entitled to.  

Ecologists focus on understanding ecosystem function(s) and impacts of human activities on species, systems and aspects 
that underlie human well-being and values 

Example: Okura 

The argument in the Environment Court was based primarily on sediment management and the risks or benefits of 
development to sediment runoff.   

Obscured the underlying conflict of whether development should be occurring at all.   
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Often the opposing roles of disciplines were also obscured  to fix and define, to model and predict, to see unknown 
uncertainties as a need to evoke the precautionary principle for the environment, and to consider cumulative effects. 

Positionality of actors influences the balance of rights that are supported  

Example: Mangrove removals 

Individuals concerned with sinking property values associated with mangrove encroachment were highly motivated to 
lobby for mangrove removal.  

Those who did not have property near affected beaches were not pro removal.   

Others who remembered beaches without mangroves and were nostalgic for that, were often pro removal.   

Those who thought in terms of whole ecosystems understood why mangroves were spreading (changes to land use further 
up catchment) and did not see mangroves themselves as threatening.   

Scientists who applied tropical mangrove knowledge to New Zealand mangroves often initially wanted protection of 
mangroves.   

Place matters also, as different regional councils had different legislative interpretations and drives (eg the Thames-
Coromandel District Council and Hauraki District Council Mangrove Management Bill 2017 to change RMA for mangrove 
removal, subsequently rejected).   

Local experiences and knowledge in place make some more passionate and vocal  

Lobbying and pressure from interest groups has a particularly significant impact in local government settings  

It became clear that mangroves themselves were not the underlying subject of argument, but rather it was about property 
rights versus environmental protection; holistic ecosystem-based management versus bay by bay tactics (worldviews); nostalgia 
and evolving knowledge (positionalities).  
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4. Select a risk assessment method that is capable of 
meeting ecosystem-based management requirements 

needs and aspirations
 
Earlier sections in this guidance document point out that we must recognise the assumptions, 
strengths, and limitations of any risk assessment method.  They also make the point that people 
need to be aware of the makeup of those people involved (worldviews, disciplinary training, and 
positionalities) as these factors will underpin the selection, utilisation and outputs of any given 
method.   

In this section we discuss present risk assessment methods commonly used in Aotearoa New 
Zealand. We take a slightly different approach and define the factors that allow a risk assessment 
method to support ecosystem-based management and  principles and processes. We 
consider that while the application the risk assessment is intended for may not need to deal with all 
these factors, utilising one that can, has one very real benefit. It allows the risk assessment process 
to be theoretically able to incorporate all viewpoints, and by doing so clarifies that worldviews, 
positionalities, interests, stressors, and values left out of the risk assessment have been done so 
deliberately by those involved in the risk assessment process.  

This approach by-passes the need to ask the questions: What are (currently) considered as suitable 
tools? Whose tools are these (ie, from what discipline or worldview) and what does this mean in 
decision-making processes?  These questions instead become appropriate during the selection of 
desired outcomes (values), activities, stressors, and connections (including underpinning knowledge 
types) to include in the risk assessment, rather than the selection of the method itself. 

Simple risk assessments generally focus on one activity (risk from what stressor) influencing one 
species or habitat (risk to what value). However, as decision makers and environmental managers 
transition towards ecosystem-based management, risk assessments must move beyond an 
evaluation of the direct impacts of a single activity on a species or habitat. Sustainable Seas 
ecosystem-based management principle 2 (Hewitt et al 2018) states Place and time-specific 
ecological complexities and connectedness, and present cumulative and multiple stressors, as well as 
those that might occur with new uses, are considered .  
 
Many of the risk assessment methods currently in use in Aotearoa and internationally are not 
suitable for ecosystem-based management. To help practitioners and decision makers identify risk 
assessment methods that are fit for purpose, we have identified six questions that should be asked 
before selecting a risk assessment method to support ecosystem-based management (Clark et al, 
2022). After explaining the factors to consider when choosing a risk assessment method we give case 
study examples. 

 

Six factors to help assess the suitability of risk assessment methods for ecosystem-
based management 

To help assess a risk assessment method, ask if the method can do the following.  

1. Integrate complexity 
Desired outcomes (protection or enhancement of values) are frequently underpinned by other 
components which may be more directly affected by the stressor than the outcome. Ecological 
responses to stress are often non-linear, particularly those arising from the cumulative effects of 
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multiple stressors and involve indirect effects and feedbacks. Cultural and social (including 
economic) complexities and management actions also create indirect effects and feedbacks that 
should be considered when evaluating the risk generated by activities or decisions. Risk 
assessments need to be able to incorporate these types of complexities. 

2. Accommodate a range of components, outcomes, and stressors 
Risk assessment methods must be able to assess how cumulative activities influence both the 
ecological response of multiple interacting ecosystem components (eg, biodiversity loss, 
contamination, changes to ecosystem function, alteration of food quantity/quality, and changes 
to trophic levels) as well as the social, cultural, and economic values that will be affected by, or 
drive, these changes. Examples of cultural outcomes include Cultural health indices and the 
Mauri Compass, are all of which are used widely .  

3. Accommodate a range of knowledge types 

They must also be able to accommodate the use of multiple knowledge types (eg, expert 
opinion, m or local knowledge, as well as quantitative data). Including a wide range of 
knowledge types is essential to fill quantitative data gaps, widen our evidence-base and ensure 
that ecosystem-based management objectives align with the values of multiple sectors of 
society. Mauri is an example of m - under 
Te Mana o Te Wai for example.  

4. Assess risk at a specific place and time 
The relative importance of different ecosystem components, processes and their connections 
differ with location and time, as do the disturbance or stressor regimes that affect them. Risk 
assessment methods must be able to incorporate spatial and temporal variability and produce 
outputs that communicate the risk posed to the location of interest (eg, maps) and how this 
varies through time. Locational context is therefore important for informing risk, even when the 
risk to what  is the same. For example, a location dominated by suspension-feeding shellfish or 

sponges may be more susceptible to increased/decreased suspended sediment than one 
dominated by infaunal polychaetes or burrowing crabs. 

5. Evaluate recovery thresholds as well as degradation  
Risk assessment methods must be able to explicitly and separately evaluate recovery, rather 
than combining it with impact. Ecological feedbacks can create hysteresis and recovery lags that 
hinder recovery, even when stressors are reduced and the object of the risk assessment may be 
recovery of the mauri rather than minimising future degradation.  

6. Evaluate and communicate uncertainty  

Uncertainty is inherent in assessing the likelihood of an effect occurring, and whether a 
management action (including those focussed on recovery of degraded values) will be 
successful. The risk assessment method should be able to use scenarios to explore the relative 
success of different actions.  Being able to give some level of confidence of the effect of different 
action scenarios on desired outcomes is particularly useful for a risk assessment operating under 
ecosystem-based management. 

 
Two other important considerations 
Twelve considerations sit alongside these six questions. Most of these relate to the multiplicity of 
stressors and values but two are important for other reasons as well. 
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1.
This information is frequently seen as being numeric (quantitative) and either collected using 
rigorous survey protocols, derived from numeric models or derived from controlled 

method must be able to take multiple knowledge types (including expert opinion, local 
 

 
Step 4 points out that the applicable legislation under which decisions are made can constrain 
the evidence used. The RMA, EPA, and Environment Court all have rigid processes. However, 
decision-makers (and the courts on review) frequently take into account a range of 
considerations beyond just numerical data and models. The courts increasingly recognise tikanga 

the Environment Court.  
 
2. Uncertainty can be difficult to separate from risk, particularly when thinking about how people 

respond to anything affecting something they value
uncertainty from risk. However, in a risk assessment that is being used for decision-making, 

y be 
helpful or whether this is being used as a delaying tactic.  Secondly, it can be used to assess how 
certain the management action taken is to achieve the desired response (whether it be 
environmental improvement or minimising degradation), aiding transparency in decision 
making. 
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Assess a risk assessment  
Use the figure below to guide whether a risk assessment method is fit for purpose for ecosystem-
based management.  

 
Figure 11 Considerations for practitioners and decision makers when assessing the suitability of risk assessment methods to 
support ecosystem-based management. Considerations are broadly grouped by thematic areas (rows).  

 
A variety of risk assessment methods have been applied in an environmental risk and uncertainty 
context in Aotearoa New Zealand. The application, strength, and weaknesses of most of these risk 
assessment methods are covered in detail in Clark et al (2021). Others in use, and in development, 
internationally are discussed in Inglis et al (2018) and Clark et al (2021). Here we assess the fitness of 
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many of these methods for ecosystem-based management (Table 4). We include in the assessment 
two methods developed by Sustainable Seas research specifically for the purpose of assessing 
cumulative effects (CE models and CE principles). Our assessment is based on use of the method by 
itself and does not include linking one method to another which has been highlighted as one way of 
relating risks to multiple ecosystem components (eg, Australia and New Zealand, 2020).  

Table 4 Overview of a subset of risk assessment methods used to date in Aotearoa New Zealand (and subsequently 
considered in the decision tree Figure 15). For further details on many of these tools see Clark et al (2022) 

Abbreviation/Name Description 

LC Likelihood-Consequence 

ERAEF Ecological Risk Assessment for the Effects of Fishing 

SICA Scale-Intensity Consequence Analysis 

PSA Productivity Susceptibility Analysis 

SAFE Sustainability Assessment for Fishing Effects 

MSE Management Strategy Evaluation 

SEFRA Spatially Explicit Fisheries Risk Assessment 

BN Bayesian Network 

CE models Cumulative Effect models using generalised linear models (GLMs) 

CE principles Cumulative Effect principles 

System mapping  

Agent based models Dynamic interacting rule-based models 

ERFA Ecological Response Footprint Analysis 

Atlantis Ecosystem model (biophysical, social and economic data) 

MDP Markov Decision Processes 

 

likelihood-Consequence analyses through to 

make a tool fit for purpose for ecosystem-based management.  

Our assessment below is based on the six questions listed in the preceding section, and also includes 
some practical operational considerations (Table 5). These include the amount of information 
required and the time/cost to implement the method. As recommendation 3 points out, the makeup 
of those involved in the risk assessment process will impact on the applicability of a method, so we 
have included information on how easily the method is to use and the outputs are to understand 
(Table 5).  

In many cases, these practical considerations will have trade-offs. For example, most methods that 
can incorporate very high complexity will also be expensive or time consuming to implement and 
may require highly skilled people to use the tool and interpret the outputs. Therefore, the choice 
between the available methods, the context in which they can perform best (ie, their most likely 
applications), and other practical considerations will dictate which method/s may be most 
appropriate.  
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Table 5 Definitions of considerations against which to assess risk assessment methods. Considerations denoted with * are 
used as endpoints in the decision tree (Figure 15). Some levels within factors denoted by 
appropriate for an EBM risk assessment method  we include these levels here for completeness.  

Considerations Definitions 

Complexity System complexity; number of stressors, response variables, etc. 
 Single stressor, single response 

Medium Multiple stressors or responses, no interactions or feedbacks 
High Multiple stressors or responses, interactions, indirect effects 
Very high Multiple stressors and components, feedbacks, interactions, indirect effects 

Outcomes 
Number and types of components that are reported on (ecological, social, 
economic, cultural etc.) 

 Single component (1); one type of value 
Medium Multiple components (3-4); one type of value 
High Multiple components (3-4); multiple types of values 
Information requirements Amount of available information  

Low 
Not much information exists or is available, limited knowledge of system or case-
study area 

Medium 
Some information or knowledge of the system/study area exists, including e.g., 
local knowledge, (limited) monitoring data or data from experimental studies, 
not location specific/for all components 

High 
There is an abundance of information to work with, including extensive spatial or 
temporal survey/monitoring data, spatial data layers at high resolution, local 

 

Knowledge type Type of knowledge that can be used  

Quantitative Numerical values 
Qualitative Descriptive data, e.g., expert opinion, principles, social surveys 

  
 

practices. 

Multiple 
quantitative and qualitative data; semi-quantitative) 

Time/cost to implement Ease of implementation, cost or time, expertise required 

Low 
Simple method, low cost and time (e.g., within a week), low expertise/skill 
required (can be done by almost anyone) 

Medium 
Moderate time/effort to implement the method (e.g., weeks-months), some 
expertise/skill required 

High 
Methods that are expensive or time consuming (e.g., within a year), high 
expertise/skill required (only selected few specialists can carry out the risk 
assessment) 

* Interpretability Easy of interpretation of risk assessment outputs 
Easy Understood by a lay person 
Moderate Understood by a lay person if there is some socialisation of the outputs 
Hard Expert/technical knowledge required to understand the outputs 
*Output type Changing in time,  
Spatial Does it provide a map; spatial display of results? 
Temporal Do the outputs capture changes over time? 
Scenario Can scenarios or management decisions be simulated? 
Uncertainty Is uncertainty included in the method? 
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Figure 12 Decision tree (Diagnostic Tool 3) to determine appropriate risk assessment method for a given application-based 
on complexity, outcomes, knowledge type, information availability and time/cost to implement method (see Table 2). 

Symbols are used to distinguish additional output types, including spatial , temporal , scenario , uncertainty . 
Colours are used to distinguish the interpretability of tool outputs as easy (green), moderate (orange), hard (red). Full 
names for risk assessment method abbreviations can be found in Table .

An example of how these considerations can be used to help choose a method is provided in an
example (case study 1 in next section). It s obvious that some tools are more flexible and can 
perform over a wider range of conditions. For example, Bayesian Networks or Likelihood-
Consequence models can be used for risk assessments focusing on single stressor, single response 
and reporting on a single component (ie, denoted by in the Table ), and which would not be 
considered ecosystem-based management) but also for multiple stressor, multiple component, 
multiple discipline risk assessments. In contrast, other methods have more specific applications, for 
example, a Spatially Explicit Fisheries Risk Assessment analysis which to date has been used to assess 
the risk of fishing to endangered or vulnerable species (noting that there is work currently underway 
to look at multiple cumulative risks to some of these taxa).

In addition to the considerations outlined in the decision tree, a complex and difficult to quantify or
summarise interplay exists between the precision, accuracy, and uncertainty in outputs from risk 
assessment methods. For example, the precision of an output (ie, whether the outputs are a single 
value) is high in deterministic numerical models (eg, Atlantis) despite the accuracy (ie, how close the 
outputs are to reality) often being unknown. In these cases, the incorporation, and accounting of, 
uncertainty in the underpinning models and then the outputs is important (assuming that the 
uncertainty is realistic). This problem is much rarer in methods that explicitly include uncertainty and 
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where scenario testing is undertaken to explore the sensitivity of model outputs to different 
assumptions. 

Although complicated 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. Adding additional parameters to a model can lead to uncertainty and problems with the 

by their considerable data requirements and the high effort and cost associated with their 
development. Simple models, conversely, are cost effective to construct and easy to communicate 
and quick to implement. But care must be taken not to reduce the system to a level that ignores 
important interactions as this generally leads to surprises  where decisions do not have the effect 
predicted by the model.  

Methods that can use expert judgment to fill gaps and ensure that the intricacies of a system are not 
reduced beyond the level necessary to represent how the system operates ensure that robust 
decisions are still made even when there are unknowns. The ability of such methods to make 
generalisable predictions while accounting for non-linear dynamics, ecosystem interactions and 
feedbacks will be more useful for ecosystem-based management than numeric estimates from 
complex models (as is exemplified in case studies 1 and 3 of the next section).   
 

Case studies  
 

Case study 1:  mussel restoration  an example of selecting a risk assessment 
method 
 

Method  

Complexity Very high Knowledge type Multiple 
Information requirements Low - Mod Time/cost to implement Medium-High 
Interpretability Moderate Output type Uncertainty, Scenario, Spatial 
Outcomes High   

 
Context: Estuaries throughout Aotearoa New Zealand have experienced significant declines in 
ecological communities and function in recent years. The drivers of these declines are often complex 
and uncertain. Despite this complexity, management efforts to restore kaimoana and other 

decline over the past 20+ years. In an iwi-led effort, mussels are now being actively restored to this 
harbour.  

Aim: Working in collaboration with Sustainable Seas project T1 (Awhi Mai Awhi Atu) and project 3.2, 
we aimed to co-develop a tool to help inform the likelihood of mussel restoration efforts (while 
accounting for uncertainty in information and the impacts cumulative stressors). 

Key application-based considerations: First, the method needed to be able to include multiple 
knowledge types  biophysical information on the environmental conditions and suitability of the 
environment for mussel settlement and growth (quantitative data) as well as knowledge of the 
locations of the traditional mussel beds and information on the interactions between seastars and 

Likelihood-
Consequence, Productivity Susceptibility Analysis, Agent based models, Cumulative Effects 
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principles, and Bayesian Networks (Figure 12 - acknowledging the list of tools provided in Table 4 
and Figure 15 is a subset of tools available for risk assessment).  

Secondly, the method must account for multiple stressors or responses to explore possible 
management strategies for improving restoration outcomes (Medium  very high complexity, 
column 1, Figure 12), in this case, the cumulative effects of changing habitat suitability (from 
increasing mudification of the estuary) and increasing predator abundance (starfish) and unknown 
distances they can travel to prey on mussels. This narrowed down the suitable method to three: 
Agent based models, Cumulative Effects principles, and Bayesian Networks. 

Finally, the method must be able to provide spatial maps (ie, location of areas with high restoration 
potential), explore various scenarios (ie, multiple hypothetical management interventions, and 
multiple possible future impacts) and to a lesser extent account for the uncertainty in the data used 
as well as the outputs. Based on these final considerations, Bayesian Networks were decided as the 

fact that outputs from Bayesian Networks are easily interpreted, reinforcing their utility during the 
co-  

In this example, the prioritisation table was not interpreted in order of the columns but rather in the 
order of importance for achieving the goals of the study ie, column 2 was examined first. This also 
provides an opportunity for practitioners to decide, if there are no tools available that meet all their 
application-based considerations, whether compromising on these is possible. For example, here, 
exploring the u
could be equally well suited to the task (especially if scenarios examining management interventions 
over time were warranted  see additional output types for Agent based models in Figure 15).  

The tool combines a Species Distribution Model (SDM) with a Bayesian Network (BN) method to 
spatially model the implications of different management scenarios on the likelihood of mussel 
restoration. The tool was informed by quantitative empirical datasets and relationships as well as 
expert knowledge, weaving M  and ecological information to empower decision making 
(Bulmer et al, In review).  

By melding an SDM with an expert driven BN method, it was possible to fill gaps in empirical 
datasets and relationships, as well as account for and display uncertainty in outputs using a 
probabilistic framework. The tool has highlighted uncertainty in key ecological interactions, including 
the impact of predatory starfish on mussel abundance. This has helped to inform ongoing field 
experiments and synthesize knowledge of the complex interactions driving mussel decline and 
recovery dynamics. Ultimately, this tool will support management decisions in the face of 
uncertainty and complexity. We believe this hybrid tool is well-suited for 
(intersection) of M  to help support inclusive decision making as 
part of an ecosystem-based management method. 
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Case study 2: Cumulative effect (CE) models 
 

Method Cumulative effect (CE) models 

Complexity High Knowledge type Quantitative 
Information requirements High Time/cost to implement Medium 
Interpretability High Output type Uncertainty  
Outcomes Medium   

 
Our oceans and coasts are experiencing unprecedented stress from human activities putting systems 
at risk for degradation and collapses. A limited understanding of how a system will respond to 
multiple stressors increases uncertainty in how to best manage the environment. This case study 
modelled the response of indicator species in estuaries to a range of stressors to identify complex 
stressor interactions and how (un)certain we are of these effects (Rullens et al 2022).  

For this case study we had access to a high amount of quantitative data collected as part of 
monitoring programs in estuaries across New Zealand. We based our CE method on Generalized 
Linear Model (GLM) which have high data requirements but are cheap and easy to run. The CE 
method extended the use of GLMs in cumulative effects assessments by developing new ways to 
visualise complex stressor interactions.  

These visualisations aid the interpretation of a response to stress and reveal the direction, 
magnitude, and gradient of change as two stressors increase. A better understanding, together with 
a need for transparency and communication of complex stressor interactions, can reduce risk of 
unexpected declines or environmental collapses and can invoke precautionary management when 
uncertainty about the effects of two or more stressors is high. This risk assessment method: 

can identify priority stressor pairs 
guide future monitoring to target conditions where data is limited 
inform limit setting in management that takes risk and uncertainty into account.  
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Case study 3: Development of a cumulative effect principles method 
 

Method Cumulative effect (CE) principles 

Complexity Very high Knowledge type Multiple 
Information requirements Low Time/cost to implement Low 
Interpretability Easy Output type Scenario, Temporal, Spatial 
Outcomes High   

 
Empirical coastal and marine research shows that these ecosystems are complex to manage because 
stressor impacts occur through a myriad of direct and indirect effects that occur at multiple spatial, 
temporal, and biological scales. Context dependencies in responses are common because different 
coastal systems have different levels of inbuilt resilience and recovery potential. These context 
dependencies are a challenge to deal with because it means that actions in one place or time may 
not work in another place or time. This method was developed to assess the risks associated with 
three types of management actions (adaptive management, stressor reduction with no active 
restoration, stressor reduction and active restoration) for a specific location.  

The method is focussed on biophysical and stressor attributes summarised as a series of principles. 
While the principles are theoretical, the technique of ecological principles has been successfully used 

ing well even in areas of low information. Two 
categories of principles are used: ecological principles that define how healthy and resilient the 
ecosystem of a location is and how long it will take to recover; and stressor principles (ie, number 
and types of stressors). Where the ecosystem sits along a sliding scale for each principle and how 
these principles combine informs us about how fast the degradation will be or how fast or slow the 
natural recovery might be. Understanding or predicting rates of decline and improvement helps us 
to understand whether there are trigger points of when to act, and what the risks associated with 
delayed actions are. 

The method does not need detailed locational data on the ecosystem and the stressors in play, being 
able to work with local knowledge and m , however it can also use any detailed 
information available. It does not explicitly output uncertainty. 
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Case study 4: Exploring the usefulness of two risk assessment methods 
 

Background: The 
explored during workshops in June and July 2022 by Sustainable Seas researchers and two co-
development partners: Moana New Zealand and the Iwi Collective Partnership (ICP). Moana New 

-owned fisheries company, and the Iwi Collective Partnership is a group 
representing M ori the commercial fishing interests of 19 iwi. These workshops and the views 

risk assessment approaches used (Likelihood Consequence Matrix (LCM) and Bayesian Network 
(BN)) were selected at an initial meeting.  

Workshop 1: 13 
Cherrington (Moana New Zealand), Nathan Reid (Moana New Zealand, ICP Director), Maru Samuels 
(CEO, ICP), Dana Clark (Sustainable Seas), Fabrice Stephenson (Sustainable Seas), Ani Kainamu 
(Sustainable Seas), and Joanne Ellis (Sustainable Seas). 

The aim of Workshop 1 
businesses and determine whether risk assessment approaches can help to better manage those 
risks. 

Key risks were identified by Moana New Zealand and ICP representatives, including (in no particular 
order): land-derived stressors, climate change and carbon footprint, Marine Protected Areas/area 
closures, uncontrolled/unmonitored recreational fishing, negative perceptions of commercial 
fishing, n , impacts to the rights guaranteed within Treaty Fisheries 
Settlement, health of the moana, and price of fuel.  

Mitigation of risks were identified by Moana New Zealand and ICP representatives, including (in no 
, contracts with fishers (to ensure core values are upheld, 

https://moana.co.nz/content/our-sustainability-
journey-strategy), innovations in fishing gear, data collection and analysis, use of improved 
technology such as cameras/smartphones, and growing the iwi knowledge base and expertise in 
commercial fisheries (the knowledge deficit is due to the relatively recent return into the 
commercial fisheries industry via the Treaty Fisheries Settlement; this needs to be addressed before 
risks can be fully understood). 

Despite possible mitigation of risks, it was acknowledged that when making decisions in fisheries, 
some risks would be at odds with others (ie, there may be trade-offs). Where there may be trade-
offs, Moana New Zealand and ICP described some key considerations:  

Health of fish stocks is always front of mind. 
Whakatipuranga: thinking about future generations, including the health of the environment. 
Social-economic considerations are integral  for example, the effect of a decision on the 
number of people employed, catch, profits, social and cultural benefits etc.  

rather than individuals, which support collective cultural and social facilities/outcomes). 
Considerations of generational equity issues  for example, climate change and the need to 

versus established non-  

Formal risk assessment methods and frameworks are in the process of being developed for both 
Moana New Zealand and ICP. There was general agreement that risk assessments could benefit by 
being more consistent/systemised and based on data/evidence and could also help as tools to 
communicate complex issues to stakeholders to reach consensus on a decision. However, fisheries 
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are a complex industry and therefore risk assessments need to be able to capture this complexity 
whilst remaining simple to implement and communicate (eg, to stakeholders / shareholders). Two 
risk assessment methods were presented that meet the criteria of being flexible enough to 
accommodate the complexity of fishing whilst remaining simple to implement and communicate.  

Likelihood Consequence Matrix (LCM) Bayesian Network (BN) 
LCM 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. 

 

BNs are probabilistic models that provide a 
graphical representation of a network of variables 
(called nodes) and their interactions. The 
relationships between variables are displayed as 
links (arrows), with the direction, strength, and 
shape of these dependencies quantified using 
conditional probabilities. 

Schematic representation: 

 

 

Schematic representation:

 

Workshop 2: 28 . Attendance: Michelle 
Cherrington (Moana New Zealand), Nathan Reid (Moana New Zealand, ICP Director), Maru Samuels 
(CEO, 
Fabrice Stephenson (Sustainable Seas), Ani Kainamu (Sustainable Seas), Darcy Karaka (Sustainable 
Seas), and Joanne Ellis (Sustainable Seas).  

Strawmen of the two risk assessment tools (LCM and BN) were developed based on the 
identification of risks by co-development partners in Workshop 1 and presented at Workshop 2. The 
aim of Workshop 2 was to present these tools to elicit feedback from Moana New Zealand and the 

fisheries.  

 

The ICP and Moana New Zealand feel they are responsible for managing and understanding their 
own impact in terms of their values, but they have an overarching aspiration to see that applied 

-based businesses, they feel a responsibility to know and understand their own 
impact but also know and understand the full impact of fisheries because they want to play the role 
of kaitiaki across the entire fisheries EEZ marine space. Moana New Zealand and the ICP felt that Iwi 
fisheries are at a critical crossroads with many decisions requiring an understanding of risk and 
mitigation measures. Moana New Zealand and the ICP wanted to be able to make decisions that are 
transparent and that they can stand behind on a public platform and demonstrate to stakeholders 
and the public the process that they went through to come to a decision. In line with this desire, it 
was felt that there was a need to understand whether decisions are in line with their tikanga and 
values, while kaitiakitanga sometimes requires making hard decisions that could affect jobs, profit, 
and/or manaakitanga. Risk assessment tools can provide one approach (amongst others) to inform 
evidence-based decision making. Noting that risk assessments can also be used to demonstrate that 
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certain current fishing practices are already low risk or as a monitoring tool to evaluate 
environmental impact across the business. 

Likelihood Consequence Matrix (LCM) Bayesian Network (BN) 
Pros Pros 

Easy to communicate 
Simple 
Sensible 
People are familiar with this type of approach 
because it is used in other settings 
Could be useful if it was applied in a specific area 
and the context, assumptions, and size of area were 
explicit 

Can accommodate and capture complexity 
(including knock on effects) 
Can accommodate the multifaceted (social-
cultural-economic-environmental) nature that 

 
Easy to communicate complex information and 
step people through decisions (presentation in 

 
Transparent - all facts and figures underpinning 
the decision are viewable (but could simplify and 
hide these if preferred)  
Outputs can be synthesised into a format that 
looks more like the likelihood consequence 
matrix - best of both worlds depending on who 
you are communicating the results to and the 
nature of the decision 

Cons Cons 

Oversimplifies  
intricacies/challenges/externalities 
Can keep adding columns or matrices to account for 
more factors but it becomes harder to synthesize 
this information and communicate it  
Does not account for uncertainties very well (shows 
average) 
Looking at different components in isolation does 

 
Difficult to make trade-offs  
Matrix did not account for likelihood (although it 
could be modified to account for this) 
Very linear method  
Could not see how this would fit with on-going 
research and risk projects 

Moana New Zealand and the ICP did not feel like 
they have had a chance to fully test the model 
capabilities using the strawman 
Need to develop expertise/skills in setting up and 
running BNs 
Takes a bit to understand and explain - maybe 
useful for managers rather than showing the full 
models to all stakeholders 

 

and particularly as a way of accounting for and acknowledging uncertainties. Both risk assessment 
approaches were seen to have utility, both for internal decision making but also to communicate to 
people outside the organisation. However, the BN was seen as better able to capture the 

because they are from different rohe and may have different tikanga). BNs could be easily tailored to 
communicate risks and trade-offs to different users. In any case, risk assessments should be 
underpinned by robust information whether scientific data, mana whenua or expert opinion. These 
differences can be accounted for by tailoring the risk assessment to a specific location or doing 
scenario testing to see what effect differences of opinion have on overall risk. 

It was felt that a collaborative effort is required to improve the health of the moana (which is 
impacted by multiple stressors, including land-based stressors). Addressing these complex and 
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difficult problems cannot be solved solely by the fishing industry. Risk assessment was one approach 
which could be developed and populated alongside other resource users (eg, recreational fishers, 
aquaculture, farmers, and other users of the land) for holistic decision making to improve ecosystem 
health. This multi-value collaborative approach would also help to build trust amongst different 
resource users and/or stakeholders. 

Issues around the risk and uncertainty of the interplay between fishing footprint and intensity, and 
displacement and equity were identified as particular areas of interest for future applications of risk 
assessment tools by Moana New Zealand and the ICP (noting that these discussions were theoretical 
as Moana and ICP were unable to apply actual data to fully test the models).  

Acknowledgments: We thank all workshop participants for their time and for freely sharing their 
ideas. We also acknowledge the generosity of Moana New Zealand for catering and hosting the 
workshops at their offices.  
 

Limitations and suggestions for future research areas 
While the guidance and diagnostic tool developed here can help with the implementation of 
appropriate risk assessment methods, we acknowledge some gaps within this guidance and future 
research areas.  

The risks associated with delayed management actions are linked with increasing likelihood of a 
tipping point to an altered undesirable state. Early interventions especially in light of increasing 
uncertainty can increase the likelihood of positive environmental outcomes. The sustainability of 
marine ecosystems demands a focus on ecological improvement, necessitating managers and 
conservationists to consider a range of actions from those that limit stressors to those that actively 
restore. Deciding the most appropriate action should be informed by environmental context, which 
includes assessing information on both degradation and recovery potential. To support decision 
makers and practitioners we have recently developed ecological and stressor principles that link to 
the risk of further degradation or successful recovery (Case study 3).  We are presently developing a 
risk framework which combines these principles to define where an ecosystem is located along 
sliding scales of degradation and recovery and its likely response to protective and restorative 
interventions. This framework is designed to facilitate place-based conversations regarding the risks 
of different management actions (adaptive management, stressor reduction with natural recovery, 
stressor reduction and human assisted recovery). This framework should be well suited to evaluate 
when early interventions are needed particularly in areas where information is limited and decisions 
may be postponed.  

 
Recent developments in the risk assessment field have included consideration of coupled natural 
human (CNH) systems that include feedbacks between ecological and social components. Many of 
the methods we have discussed here (eg Atlantis, BN, ABM) can include in a single model feedbacks 
between ecological and social components.  However, this can become cumbersome to do within a 
single model, and it maybe that coupled models would be more effective.  While there are presently 
very few examples of risk assessments that include dynamic feedback between social and ecological 
components of the system (Clark et al ractable approaches to move CNH systems theory 

 (Holsman et al, 
2017). Internationally, and within Aotearoa New Zealand there are some examples of CNH 
approaches (eg Bulmer et al, In review) however, in general, feedbacks and systems thinking are still 
underrepresented in practical applications. Further research to determine whether coupled 
approaches that can accommodate feedbacks between cultural and ecological knowledge would be 
valuable. 
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Ecological risk is still not well represented in the media. For example, a recent study found that 
ocean-related reporting is inadequate for the level of the crisis facing conservation and sustainability 
goals (Armoudian et al 2023). Whilst communicating science and concepts related to risk and 
uncertainty can be difficult it is essential that the scientific community improve communication and 
public dissemination. Suggested channels include press releases, guidance documents and optimised 
video science communication techniques. In New Zealand, the use of short policy guidance 
documents reached via scientific consensus has proven to be effective within more holistic 
Ecosystem Based Management frameworks that involve all parties in the decision-making process. 
Another platform, optimised video science communication, has been shown to be more effective 
than press releases and non-optimised communication tools in promoting better comprehension 
and a stronger manifest interest in learning more about the subject area by members of the public 
(Armoudian et al 2023). Positive outcomes from improved communication of marine media 
coverage are of importance due to the linkage with public support and awareness of conservation 
issues and subsequent policy decisions. 

 
Finally, as multiple stressors and cumulative impacts continue to accelerate with new and emerging 
sectors and climate change, methods that address deep uncertainty will become increasingly 
important for management. Risk assessments generally address relatively well-known hazards in 
which the prospect of future events and their consequences can be predicted either by analysis of 
past occurrences or by experimentation.  Now we are also in the realm of uncertainty of what threat 
the event poses (the known unknown Inglis et al (2018)) and the unknown unknown, that is, 
unknown (or presently unanticipated events) with unknown consequences. In deeply uncertain risk 
problems, the risk cannot be represented reliably by likelihood of occurrence or modelled 
relationsh
future (or increasing) stress will be more risky for maintenance of values (desired outcomes) - 
certainly more so than acting to reduce stressors. Secondly, also for t

scenarios related to effect of changes in values can be input and followed through to risks to other 
values in risk assessment methods that are network based (e.g., BN, ABM).  It is possible that 
management actions (or policy options) that best reduce vulnerability may then be able to be 
identified.   
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5. Re-engage with diagnostic tools and assess  
processes

This section discusses the need to reflect, evaluate, and assess decision-making processes where risk 
and uncertainty where encountered. This includes assessing how using the guidance, tools and 
methods developed in this document has or has not shaped decision-making towards ecosystem-
based management and Te A  

In Aotearoa New Zealand, governance and management dynamics are fluid. With this fluidity comes 
a bombardment of risk and uncertainty changing influences that are consciously or unconsciously 
assessed through the variously understood lens of positioning, disciplines, and worldviews. Entities 
can struggle to identify, let alone make sense, of the invisible or murky influences and key 
influencers.   

New competencies and tools are being developed to cope with such pressures. Rubrics offer a way 
to regularly and robustly inspect the adequacy of new strategies. The rubric-based analytics in this 
section are a pioneering intervention that takes seriously the need to continually re-engage with 
diagnostic tools, and -making processes. 
This coupling grounds rubric efforts in revealing lived experiences and the complexities and 
complications of making tricky decisions about the tricky realm of risk and riskiness. 

1. Continually reengage with diagnostic tools 

Throughout any decision-making or participatory process, people need to reengage with the 
diagnostic tools to promote on-going improvement in practice.  

Figure 13 is an adapted diagram (from Sustainable Seas Phase 1 work) that illustrates the continual 
nature of engagement. The tools in this document are not designed as one-off tools. They are meant 
to be referred to again and again as processes progress.  

 
Figure 13 Each phase requires re-engagement with the diagnostic tools. Adapted from (Le Heron and Allen et al 2021) 

 

2.  

Sustainable Seas Phase 1 project 1.1.17 developed a performance assessment rubric to answer the 
 In other words, how do we know if we are doing a 

good job? Le Heron and Allen et al (2021) illustrate what it means to assess performance against 
-engaging and 

evaluating the work achieved. 

 
7 https://www.sustainableseaschallenge.co.nz/our-research/testing-participatory-processes-for-marine-management/ 
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Using this template, we have created a tailored assessment rubric for specific risk and uncertainty 
questions8 ecosystem-based management 
and Te A
criteria/question (developing, good, excellent), give evidence to support your conclusion, and 
identify future improvements. This exercise ensures a thorough examination of practice and 
outcome.  

 

Once you ve worked through Diagnostic tool 2 Working with risk and the 
Working with risk rubric below,  more aware and agile in your thinking. 
However, as you upskill, you may hit barriers of institutions, existing practices, 
and pushback from others. The way you engage with others may shift. For more 
detail on working through these challenges, especially if you are engaging in risk 

-making which involves participatory processes 
see Le Heron and Allen et al (2021). This paper discusses different phases of 

participatory processes (shared goals and visions; context history and connections; silences, 
absences, and presences; process (group process, meeting culture); diverse knowledges and values; 
politics and power; community support; planning, monitoring and evaluation) and the crucial 
components to consider in each phase.

 
8 See Le Heron and Allen et al (2021) p. 7-10 for information on how to create and/or tailor a rubric 
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| Document conclusion  
 

Me tiro whakamuri, kia anga whakamua  Look to the past to inform the future

acknowledge that we are connected to those who have gone before us, with a responsibility to the 
generations to come (who will be looking to us for guidance and leadership on making decisions that 
account for their livelihoods). This is foundational to any holistic view.

In risk discussions, individual and institution wellbeing is often the focus. Our collective mahi in this 
document acknowledges past, present, and future connections, ensuring there is a balancing in our 
current activities with respect to how we engage with the environment.  

It follows that if we take seriously that the research has identified three key paradigms (worldviews) 
active in Aotearoa New Zealand, then we acknowledge that some paradigms hinder ecosystem-
based management progress and some advance it.  Enacting ecosystem-based management and 

diagnostic tools represents ways forward to decision-making 
for longer term, wider-sense ecological aspirations.   

Risk assessment methods to inform decision-making associated with ecosystem-based management 
must be able to cope with non-numeric data, particularly in Aotearoa New Zealand where 
voices and knowledge must be heard and where resources for environmental monitoring are 
limited. Methods 
expert opinion, non-numeric local knowledge, narratives and experimentally derived mechanistic 
relationships) such as Bayesian Networks are required.  

Risk assessment methods used in applications may not always meet all the criteria, but the very act 
of considering these will allow gaps and weaknesses in the method to be explicitly acknowledged.  

Weaving together knowledges can  and uncertain -making 
This document has engages with and interweaves multiple sources of knowledge. The words of 
wisdom from Kukupa Tirikatene below illustrate the importance of an interwoven approach, and the 
need for reflection and evaluation as part of any process. This document gains strength from 
weaving together methodologies and approaches; the guidance contained within makes the most of 
multiple inputs, worldviews, knowledges, and resources.  
 

 
 

 
 

 
The tapestry of understanding cannot be woven by one strand alone. 

Only by the working together of strands and the working together of weavers will such a tapestry be completed. 
With its completion let us look at the good that comes from it. 

In time we should also look at those stitches which have been dropped, because they also have a message. 
 
The work of project 3.1 and project 3.2 has brought together case study examples, assessed existing 
frameworks, worked through scenarios, asked diagnostic questions, and thoroughly interrogated the 
concepts of risk and uncertainty.  We hope that the wealth of material will aid any practitioners and 
decision-makers in finding pathways for working with risk and uncertainty and will usefully inform 

-making. 
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Figure 15 This  and uncertain -making 

 
Risk and uncertainty are categories of particular conditions. The sociologists Ulrich Beck and 
Anthony Giddens heralded the appearance of new conditions in the 1990s with their theories on risk 

enterprises are relatively free agents who have to interface with structural conditions. This diverges 
from the past era of tight state-economy relations. In Aotearoa New Zealand, signals about changes 

developing knowledge of ecosystem-based management and 
pioneering intervention in guiding decision making.  
 
Throughout this document we have made recommendations about how to engage with risk and 

knowledge is reshaping risk is the decisive intervention that will create the space that counts most. 
We point to the Sustainable Seas Waka Taurua framing. This framing interweaves Te Ao 
Te Ao  New Zealand, and could flow directly into future environmental legislation 
and decision-making. This encompassing and collectively directed approach has great potential to 
break short-termism and open up thinking, especially for intergenerational outcomes.  
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Appendix 1: What is my worldview? A short self-reflective exercise 

below invites 
you to reflect on your own worldview 
and how the world works. There are no right or wrong answers  just differences among people. 

Read the statement in the left column of the table and decide if you agree or disagree with the 
statement, and how strongly. Tick the appropriate column.  

Table 1 Questions to guide worldview self-reflection. Source (Thomson, 2013) 

Statement Strongly 
disagree 

Disagree Neither agree 
nor disagree 

Agree Strongly 
agree know 

The balance of nature is very delicate and easily upset 1 2 3 4 5 6 

Modifying the environment for human use seldom causes 
serious problems 

1 2 3 4 5 6 

Plants and animals exist primarily to be used by humans 1 2 3 4 5 6 

The earth is like a spaceship with only limited room and 
resources 

1 2 3 4 5 6 

There are limits to economic growth even for developed 
countries like ours 

1 2 3 4 5 6 

Humans were meant to rule over the rest of nature 1 2 3 4 5 6 

Present generations of humans have NO moral duties and 
obligations to future generations 

1 2 3 4 5 6 

The so-called 
greatly exaggerated 

1 2 3 4 5 6 

resources 
1 2 3 4 5 6 

Plants and animals have as much right as humans to exist  1 2 3 4 5 6 

Humans have moral duties and obligations to other animal 
species 

1 2 3 4 5 6 

Environmental regulations have placed unfair burdens on 
industry 

1 2 3 4 5 6 

Natural resources should be used primarily to provide for 
basic needs rather than material wealth 

1 2 3 4 5 6 

Humans have the right to alter nature to satisfy wants and 
desires 

1 2 3 4 5 6 

Nature is valuable for its own sake 1 2 3 4 5 6 

Humans live on a planet with limited room and resources 1 2 3 4 5 6 

Interpreting worldview answers 
The table below uses the detail in the preceding table to show which answers align to a dominant 
social paradigm worldview and which to a new environmental paradigm worldview. You may find 
you identify with a mixture, as many people do, but you will probably have a leaning one way or the 
other, even if small. Being aware of your stance on various statements is important in engaging with 
others.  

However, Tables 1 and 2 only contain dominant social paradigm and new environmental paradigm 
worldviews. In the Aotearoa NZ context, we also have a Te A  
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Table 2 Questions to guide worldview self-reflection: Answers  

New environmental paradigm (NEP) = light green; Dominant social paradigm (DSP) = light blue 
 

Table 3 shows the complexities and overlapping drivers of the common worldviews in Aotearoa New 
Zealand. It (blue = dominant social paradigm, green = 
new environmental paradigm, and ) and shows that the comparisons are not a 
straightforward mapping.  
 

 
Table 3 The complexities and overlapping drivers of Aotearoa worldviews (E. Le Heron et al, 2022b) 

Dissimilar, and at times opposing, drivers 

Economic growth     Harmony with nature, protect nature 
Nature as use     Nature as awesome 
Nature as use Nature as awe inspiring (mana) 
Abundant resource Limited resource 
Free market, limited government Participatory processes 
Science and technology value free Science and technology value laden 
Science and technology value free Science and technology embedded within value systems e.g., manaakitanga  

reciprocal relations between people and the environment 
Science and technology value laden Science and technology embedded within value systems e.g., manaakitanga  

reciprocal relations between people and the environment 
Humans separate from nature (hierarchy) Humans genealogically connected with nature (whakapapa) 
Humans separate from nature (awesome, best left alone)  Humans genealogically connected with nature (whakapapa) 
Private property rights  Conservation estate and reserves 
Private property rights Communal property rights and use rights 
Conservation estate and reserves Communal property rights and use rights  

Similar, and at times aligning, drivers 

Economic growth, nature as use  Intergenerational benefits for kin and ecosystems 
Harmony with nature Intergenerational benefits for kin and ecosystems 
Abundant resource Circular, interlinked (mana, tapu, mauri) and reciprocal (manaaki) resource use 
Limited resource Circular, interlinked (mana, tapu, mauri) and reciprocal (manaaki) resource use 
Nature as awesome Mana  nature is awe-inspiring 

 

Statement  Strongly 
disagree 

Disagree Neither 
agree/disagree 

Agree Strongly 
agree know 

The balance of nature is very delicate and easily upset 1 2 3 4 5 6 

Modifying the environment for human use seldom causes serious problems 1 2 3 4 5 6 

Plants and animals exist primarily to be used by humans 1 2 3 4 5 6 

The earth is like a spaceship with only limited room and resources 1 2 3 4 5 6 

There are limits to economic growth even for developed countries like ours 1 2 3 4 5 6 

Humans were meant to rule over the rest of nature 1 2 3 4 5 6 

Present generations of humans have NO moral duties and obligations to future 
generations 

1 2 3 4 5 6 

The so-  1 2 3 4 5 6 

 1 2 3 4 5 6 

Plants and animals have as much right as humans to exist (EXTRA) 1 2 3 4 5 6 

Humans have moral duties and obligations to other animal species 1 2 3 4 5 6 

Environmental regulations have placed unfair burdens on industry 1 2 3 4 5 6 

Natural resources should be used primarily to provide for basic needs rather than 
material wealth 

1 2 3 4 5 6 

Humans have the right to alter nature to satisfy wants and desires 1 2 3 4 5 6 

Nature is valuable for its own sake 1 2 3 4 5 6 

Humans live on a planet with limited room and resources 1 2 3 4 5 6 
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Appendix 2: Worldviews and legislation 
Worldviews have implications for legislation. We asked, can worldview premises be detected in the 

1 summarises the Resource Management 
Act and Exclusive Economic Zone Acts according to their envisaged operation and functionalities, 
exposing critical differences that have implications for how worldviews might be able and made to 
work in consenting spaces, and for the outcomes that may be achieved.  

-oriented legislation. 
Legislation now in place for land and coast/marine resource governance and management 
has led to two separate pathways by which societal assessment of incremental use changes 
is carried out. The oversight framework for each pathway pivots on creating a competitive 
arena of argument where proposed developments are scrutinized. [Table 4] provides an in-
depth summary of the development pathways enshrined in the RMA Act 1991 and the EEZ 
and Continental Shelf and Environmental Effects Act 2012. At stake with the legislation is the 
extent to which economy is privileged over environment by developers, or conversely 
whether environmental and Treaty obligations are successfully invoked to stop or greatly 

 

Table 1 Legislation and worldviews. Source (E. Le Heron et al, 2022b) 
Specific 
elements 

Resource Management Act 1991 Exclusive Economic Zone and Continental Shelf 
(Environmental Effects) Act 2012 

Preamble to 
legislation 

Preceding fragmented legislation failed in best care of 
environment, and this has caused damage to forests, 
soil, air and waterways 

Need an ocean equivalent to RMA 
Controlled by UNCLOS, requires demonstration of governance in 
order for the EEZ to be administered by the country. 

Purpose Promote environmental management that meets the 
current and future needs of communities while also 
looking after the environment  

Protect EEZ and continental shelf from pollution by regulating 
and controlling discharges, dumping, mining and removal of 
substances from the sea floor. 

Goal Effective, effects-based, and transparent 
management of environment and natural resources 

Manage effects of particular marine activities in offshore waters 

Delegation 
of 
governing 
powers 

Regional councils and local councils must prepare 
plans showing how they will manage the environment 
in their area 

EEZ Act requires the Environment Protection Authority (EPA) to 
make full use of powers to request information, obtain advice, 
and commission reviews when considering an application for 
consent  

Decision-
making 
criteria  

Environment Court main judicial decision-making 
body, hearing appeals from people who disagree with 
decisions made by local bodies 

EPA can be directed by the Minister to give effect to a 
government policy 
If information is uncertain or inadequate the EPA must favour 
caution and the environment, and consider whether an adaptive 
management approach would allow an activity to be undertaken 

Conditions 
of 
consenting 

Various classes of activity are established through 
mandatory plans.  Controlled or prohibited activities 
must get resource consent 

Interested parties able to seek a marine consent, marine 
dumping consent or a marine discharge consent 

Consenting 
channehls 

Most consents are non-notified and do not need to go 
through a process involving public submissions. 
Notified consent is required when a Council considers 
environmental impact of a proposed work or activity 
to be more than minor. 

Consent applications considered by an EPA Board appointed 
Decision-making Committee 

Interface 
with Treaty 
obligations 

Take into account the principles of the Treaty 
of Waitangi in urban development and ensure 

and strategies that shape urban environments. 

Recognize 

 

 
Further information 

Kia Hora Te 
AlterNative. 

 ao hurihuri, 
The Old World, a Changing World, a World of Light. https://doi.org/10.1093/acrefore/9780199389414.013.715 

Thomson, J., 2013. New ecological paradigm survey 2008: Analysis of the NEP results. Waikato Regional Council, Hamilton. 
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Appendix 3: Evidence  what data is needed for flourishing futures? 
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Appendix 4: Summary of project 3.1 contributions 

Contribution How Where 

Making visible three 

influence decision-
making:  

- Worldviews 

- Disciplines  

- Positionalities 

to unpack 
understandings of risk 
and uncertainty 

Diagnostic Tool 1. 
haurokuroku (KWTH) Unpacking perceptions of risk and 
uncertainty  

A diagnostic tool that 

Outlines dominant worldviews in Aotearoa NZ (Te Ao 

paradigm) and their influence on views of risk 

Outlines impact of disciplinary training on views of risk 

Outlines effect of positionality on views of risk 

Risk and Uncertainty Framework and Guidance document (this 
document). 

risk and uncertainty  

Quick guide 4: Tools to help navigate perceptions of risk and 
uncertainty  

Articles:  

decision-making in Aotearoa, Planning Quarterly 

Why do we argue about risk? The invisibility of worldviews in 
decision-making, Elementa 

mitigating risk and uncertainty in natural resource 
management, AlterNative 

Reconceptualising risk 
and uncertainty for 
EBM and TAM futures 

Acknowledgement of multiple understandings of risk and 
uncertainty 

Creating new practices around including risk and 
uncertainty that better support EBM and  

Risk and Uncertainty Framework and Guidance document (this 
document). 

Quick guide 3: 
haurokuroko (risk and uncertainty)  
Quick guide 1:Perceptions of risk and uncertainty influence 
marine management decisions  

Articles:  

decision-making in Aotearoa, Planning Quarterly 

mitigating risk and uncertainty in natural resource 
management, AlterNative 

Steps to manage 
-

making 

Diagnostic Tool 2
Working with risk 

A diagnostic tool to think through the implications of 
worldviews disciplinary perspectives, and positionality  
using five themes   

Expanded explanation of the 5 themes and how to improve 
practices 

Appendix 3: What kind of data is needed for a flourishing 
future? 

A dystopian future explores the impacts of narrowly 
defining what counts as evidence. 

Risk and Uncertainty Framework and Guidance document (this 
document). 

Quick guide 4: Tools to help navigate perceptions of risk and 
uncertainty  

Appendix 3: What kind of data is needed for a flourishing 
future? 

Articles:  

decision-making in Aotearoa, Planning Quarterly 

enacting ecosystem-based management and incorporating 
-making, New Zealand 

Geographer 

Case studies of 
worldviews, 
disciplines, and 
positionalities in 
action.  

Illustrates how risk is understood in actual decision-making 
contexts. 

decision-making 

Highlights the influences that disciplinary training and 
-making or processes in 

which decision-makers are currently involved. 

Risk and Uncertainty Framework and Guidance document (this 
document). 

Articles:  

A socio-ecological appraisal of perceived risks associated with 

Zealand, NZJFMR 

Why do we argue about risk? The invisibility of worldviews in 
decision-making, Elementa 
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enacting ecosystem-based management and incorporating 
-making, New Zealand 

Geographer 

Process to reflect, re-
engage and assess 

-
making 

Rubric: 
HUAT 

Working with risk (Diagnostic Tool 2) 

A rubric to assess performance against criteria to reflect 
-making processes 

Importance of continually reengaging with diagnostic tools 

Guides assessment of processes through rubrics  

Discusses the need to reflect, evaluate and assess decision-
making processes that have occurred. 

Risk and Uncertainty Framework and Guidance document (this 
document). 

Quick guide 4: Tools to help navigate perceptions of risk and 
uncertainty  

 

 

Quick guide 1: Perceptions of risk and uncertainty influence 
marine management decisions  
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Appendix 5: For more information 
Recommendation 1: reconceptualise risk and uncertainty for ecosystem-based management and 
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kia hora te marino: Why values matter for mitigating risk and uncertainty in natural resource 
management. AlterNative. 

-making in Aotearoa. Planning Quarterly submitted. 
Le Heron, E., Le Heron, R., Blackett, P., Awatere, S., Logie, J., Hyslop, J., 2023c. Quick guide 3: Te Ao 

Science Challenge. 
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National Science Challenge. 
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risk and uncertainty 
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Le Heron, E., Le Heron, R., Blackett, P., Awatere, S., Logie, J., Hyslop, J., 2023f. Quick guide 4: Tools to 

help navigate perceptions of risk and uncertainty, Sustainable Seas National Science Challenge.  
Le Heron, E., Le Heron, R., Blackett, P., Awatere, S., Logie, J., Hyslop, J., 2023h. Quick guide 2: 

Science Challenge. 
Le Heron, E., Le Heron, R., Blackett, P., Awatere, S., Logie, J., Hyslop, J., 2023j. Why do we argue 

about risk? The invisibility of worldviews in marine decision-making. Elementa. 
Le Heron, R., Lundquist, C., Logie, J., Blackett, P., Le Heron, E., Awatere, S., Hyslop, J., 2022. A socio-

ecological appraisal of perceived risks associated with mangrove (manawa) management. New 
Zealand Journal of Marine and Freshwater Research. 
https://doi.org/10.1080/00288330.2022.2097270 
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