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You may have noticed that we have been trying some 
different approaches to the content of the Journal this 
year.

I am delighted to deliver a special issue focussed solely on 
the topic of cumulative effects in the coastal and marine 
areas. While there is some level of necessary overlap 
between the papers to enable them to each stand-alone, 
the authors have strived to pull the series together in a 
compact and purposeful collection.

The five articles cover partnerships, principles, knowledge, 
uncertainty and collaboration. Both individually and as a 
suite, I hope they are of interest to you all and of assistance 
to those interested in managing cumulative effects in our 
coastal and marine areas.

EDITORIAL
Bronwyn Carruthers, Barrister, Shortland Chambers

Environment, Planning 
& Natural Resources 
Our Environment, Planning and Natural Resources 
team has experience in all aspects of planning and 
local government law and processes, and works 
closely with our clients to achieve great outcomes, 
in a collaborative, strategic and dynamic way.

russellmcveagh.com/epnr
Auckland & Wellington
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Christchurch City Landscape Study.  Photo credit: Yvonne Pfluger 

INTRODUCTION

This special issue of the Resource Management Journal 
highlights key findings and recommendations associated 
with a two-year research project called “Navigating the 
implementation impasse: enabling interagency collaboration 
on cumulative effects” <https://sustainableseaschallenge.
co.nz/programmes/our-seas/navigating-implementation-
impasse>; this project explored elements that underpin 
cumulative effects (CE) management in Aotearoa New 
Zealand (Aotearoa NZ). The research was co-designed 
with researchers and research partners from Aotearoa NZ 
universities, research institutes, Māori consultancies and 
charitable trusts, government agencies, ministries, and 
private enterprises. The research is part of the Aotearoa 
NZ government-funded Sustainable Seas National Science 
Challenge (the Challenge), a 10-year (2015-2024) research 
programme, whose mission is to “transform Aotearoa New 
Zealand’s ability to enhance our marine economy, and 
to improve decision-making and the health of our seas 
through ecosystem-based management”. The commitment 
to the principles of ecosystem-based management (EBM) 
(Judi Hewitt and others “Proposed ecosystem-based 
management principles for New Zealand” (November 2018 
RMJ 10)) is an integral component of the Challenge.

Research findings and recommendations from five 
interconnected themes that emerged from the partnership-
based project are presented in this issue. The articles provide 
foundational information, guidance and recommendations 
regarding how to progress work on CE in Aotearoa NZ: 

• In this article, the authors outline how the action-
oriented, co-designed research partnership operated 
and describe some of the key lessons learned from this 
undertaking. 

• In “Principles for cumulative effects management in 
Aotearoa New Zealand”, Kathryn Davies and others 
discuss the eight key principles that have emerged from 
the research; these principles could be used to guide 
future CE management efforts in Aotearoa NZ. 

• In “Knowledge and information needed to inform 
cumulative effects management in Aotearoa New 
Zealand”, Andrew Allison and others outline the four 
types of knowledge needed to manage CE in Aotearoa 
NZ and discuss opportunities and methods to weave 
these different sets of knowledge together to improve 
management outcomes.

Authors:
Kathryn Davies, Gemma Couzens,  
Carolyn Lundquist and Karen Fisher

Partnerships and processes 
for cumulative effects 
management 

Continued
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• In “The implications of uncertainty on cumulative effects 
management”, Melissa Foley and others describe 
the importance of understanding and incorporating 
different kinds of uncertainty into CE management and 
highlight ways that diverse research participants have 
proposed uncertainty be addressed in Aotearoa NZ.

• In “How can collaboration improve cumulative effects 
management practices?”, Roa Petra Crease and others 
discuss how enabling collaboration across scales can 
enhance CE management in Aotearoa NZ; the authors 
then outline a framework and a series of steps that could 
progress these collaborative efforts. 

Each article tackles a unique component of CE management 
and provides examples and recommendations for how 
to progress work on the challenges associated with that 
theme. However, there are some overlaps in context and 
methodology, with a suite of workshops and interviews 
contributing to the evolution of topical aspects and 
culminating in the development of an overarching 
CE framework (see Roa Petra Crease and others, this 
issue). Together, these articles highlight alignments 
and potential conflicts that result from past and present 
understanding of CE and indicate possible ways toward 
a more comprehensive and coordinated approach to CE 
management in Aotearoa NZ. 

Our multi-directional and multi-sectoral approach to CE 
management is both a world first, and novel in an Aotearoa 
NZ context. The findings and innovative frameworks and 
practices reflect on and extend CE research and practice 
undertaken in Europe, Canada and Australia. Our findings 
and recommendations also align closely with the recently 
released Environment Aotearoa 2019 report, co-authored 
by the Ministry for the Environment and Statistics New 
Zealand, which states that environmental stewardship – the 
responsible use and protection of the natural environment 
– requires a holistic approach to decision-making at both a 
national and individual level. The report recommends that 
decisions:

• are informed by authoritative data and knowledge;

• are conveyed in a transparent fashion using common 
measures and language that is easy to understand and 
apply;

• are holistic, consider long-term and cumulative effects, 
and aim to maximise potential co-benefits and avoid 
unintended consequences;

• reflect the values that are important to Aotearoa NZ;

• can be scaled from national to local action and decision-
making; and

• support Māori, incorporating a voice for the concerns of 
kaitiaki and nature.

This research has revealed where values, knowledge, 
and especially practices may be aligned to create more 
systematic approaches to CE, and how this framework 
can be applied across scales. Our findings and 
recommendations will support agencies, institutions, and 
practitioners to take a proactive systems approach to CE 
management and make informed decisions within existing 
legislative and institutional constraints.

CUMULATIVE EFFECTS MANAGEMENT 
CHALLENGES 

Managing CE that arise from human activities and natural 
events is one of the most urgent and complex problems 
facing coastal and marine decision makers today. Human 
and natural stressors cross political, jurisdictional, 
cultural and geographic boundaries, so a consistent, 
ki uta ki tai (mountain to sea) strategy is needed to 
address CE. Until recently, there has been little impetus 
for changing behaviours and management of coastal 
and marine ecosystems in advance of a significant 
environmental event or disaster. The requirement to 
consider CE exists in several of the 25 statutes governing 
14 agencies across seven spatial jurisdictions of coastal 
and marine management (Scott Bremer and Bruce 
Glavovic “Exploring the science-policy interface for 
integrated coastal management in New Zealand” (2013) 
83 Ocean Coast Manag 107). However, the current CE 
management approach in Aotearoa NZ is fragmented 
and inconsistent, with disjointed legislative regimes and 
institutions responsible for resource management and 
environmental protection. This fragmentation cannot 
account for multi-scalar and multi-sector interactions 
(Kathryn Davies and others “Navigating collaborative 
networks and cumulative effects for Sustainable Seas” 
(2018) 83 Environ Sci Policy 22). 

Chronic data scarcity and high levels of uncertainty 
also make system-based assessments and predications 
challenging. The Environment Aotearoa 2019 report 
acknowledges that a full understanding of how complex 
marine systems (and the values that we hold for these 

systems) respond to individual stressors and their CE is 
lacking. Finally, often conflicting societal and economic 
expectations, values, and rights are poorly integrated into 
management and decision making; without the inclusion 
of these elements in the CE management process, little 
progress can be made on collectively negotiated long-
term goals (Vanessa Stelzenmuller and others “A risk-
based approach to cumulative effect assessments for 
marine management” (2018) 612 Sci Total Environ 1132). 

Individually and in combination, these challenges can lead 
to decision paralysis for fear of getting it wrong. However, 
disregarding CE can result in ecological surprises leading 
to the degradation or loss of resources, and unintended 
social, cultural, and economic consequences. For 
example, without clear guidance on how to manage CE, 
industries may forgo investment in long-term planning 
and sustainable development. Here, we present findings 
and recommendations with respect to partnerships 
and processes that can improve CE outcomes. These 
recommendations are based on research which engaged 
many of the agencies and institutions with responsibilities 
for managing CE in collaborative efforts to address these 
challenges. 

DEVELOPING A CROSS-SCALE PARTNERSHIP 
APPROACH

Co-production of research 

Because the aim of the project was to establish more 
cohesive and collaborative approaches to CE across 
a range of institutions, the research was necessarily 
co-designed with partners representing 15 of the 
key organisations involved in CE management and 
decision making (after Claudia F Benham and Katherine 
A Daniell “Putting transdisciplinary research into practice: 
A participatory approach to understanding change in 
coastal social-ecological systems” (2016) 128 Ocean 
Coast Manag 29) (Table 1). This two-year programme 
had broad aspirations of: protecting the long-term health 
of our seas; providing industries with the regulatory 
certainty and guidance to invest in sustainable resource 
use; establishing a cross-scale framework through which 
interest groups could have input in decision making; 
and facilitating the role of Treaty partners as kaitiaki. 
This co-developed project was underpinned by the 
Treaty of Waitangi principles regarding partnership 
and rangatiratanga, acknowledgement and respect of 

Māori interests, values, and mātauranga; relationships 
between Treaty partners and the Crown informed roles 
of co-governance and co-management arrangements in 
relation to CE. 

Table 1: The project partners representing 15 of the key 
organisations (in alphabetical order)

Aquaculture New Zealand

Auckland Council

Bay of Plenty Regional Council

Department of Conservation

Environmental Protection Authority

HH & R Mikaere Ltd

Marlborough District Council

Ministry for the Environment

Ministry for Primary Industries

Ministry of Foreign Affairs and Trade

NIWA

Te Ohu Kaimoana

Tūtaiao

University of Auckland

Victoria University of Wellington

Partners contributed to the research design, data 
collection, data analysis, dissemination of research 
findings, and importantly, are positioned to expand on 
and implement these findings at their home institutions. 
This approach enabled the development of mutually 
respectful and potentially beneficial relationships among 
partners and participants by encouraging collective 
learning through sharing views, expectations, and 
experiences (Susanne C Moser “Editorial overview: 
Transformations and co-design: Co-designing research 
projects on social transformations to sustainability” (2016) 
20 Curr Opin Environ Sustainability v). By establishing new 
relationships among different actors, values, and ways of 
knowing, we were also able to establish novel insights 
into CE management options that could not be advanced 
by any one of the research partner agencies acting alone. 
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Ki uta ki tai (mountain to sea)

Research participants included representatives from a diverse 
range of organisations, including land-based industries, 
thus expanding the project horizons beyond coastal and 
marine areas to align with more holistic perspectives such 
as ki uta ki tai (mountain to sea) approaches. Ki uta ki tai is 
a Māori concept that emphasises the interconnectedness of 
ecosystems inclusive of people (Ani Kainamu-Murchie and 
others “Indigenous and local peoples’ values of estuarine 
shellfisheries: moving towards holistic-based catchment 
management” (2018) 52(4) New Zeal J Mar Fresh 526). 
Many key stressors (eg sediments, nutrients) in the marine 
environment are transported from land-based sources, thus 
their inclusion is critical for CE management. This approach 
also switches focus from reactive management of responses 
to stressors to proactive management of stressor sources. 
By allowing identification and understanding of pathways 
from stressor sources to sinks, it enables interagency 
collaboration on CE that stretches from ki uta ki tai. This 
approach aligns with EBM protocols, which emphasise that 
effective CE management is an essential component that 
requires coordination across scales and sectors to allow for 
the maintenance of ecosystems and human well-being. 

Managing project expectations and risks

The effective, long-term management of CE demands that 
decision-makers invest in cross-scale collaborations and 
partnerships. This approach comes with some risks; the 
failure to secure adequate buy-in and ongoing support from 
all key research partners is representative of a longer-term 
concern of achieving this buy-in from all institutions involved 
in CE management. To mitigate this risk, this project took 
a pragmatic approach to partnership building. First, the 
project was designed to respond to the needs identified 
by the partners, and their desire to engage further with the 
Challenge on the topic of CE. Second, where possible, we 
highlighted the mutual benefits that arise from collaborating 
on CE, and we developed multiple ways for partners to 
participate in the research depending on their capacity 
and capability. Third, all partners agreed to provide in-kind 
contributions of staff time, expertise, and access to networks 
prior to the research being undertaken. Finally, in keeping 
with an adaptive and partner-focused approach, we have 
invested time and resources into research communication 
strategies, aiming to provide project updates, opportunities 
for feedback, and to produce accessible and useful outputs 
wherever possible. This investment has proved fruitful, with 

the research objectives, project participants and outputs 
being iteratively adapted based on feedback from regional 
and central end-users and project partners as the research 
progressed and co-learning led to changes in needs and 
expectations. 

 Collaboration on potential solutions

The research was informed by focus groups and interviews, 
data collection, and literature reviews that focused on CE 
best practice, CE policy contexts, and the treatment of CE 
in legal proceedings. Focus groups and interviews were 
conducted with 19 separate target groups and a total 
of 107 participants representing sectors or institutions 
including regional and central government, a Māori Trust 
organisation, NGOs and aquaculture, farming, forestry, and 
fisheries industries (Table 2).

Table 2: Focus groups and interviews were conducted 
with participants from 19 institutions ranging in scale 
from local to international interests.

Aquaculture NZ

Bay of Plenty Regional Council Toi Moana

Commonwealth Scientific and Industrial Research 
Organisation (CSIRO) Australia

Deepwater group

Department of Conservation

Environmental Defence Society

Environmental Protection Authority

Environment Southland

Fonterra

Great Barrier Reef Marine Park Authority

Ministry for Primary Industries (Fisheries)

Ministry for the Environment

New Zealand Forest Owners Association

Ohiwa Harbour Forum

Paua and Rock Lobster Industries

Petroleum Exploration and Production Association of 
New Zealand

Seafood NZ

Te Ohu Kai Moana

World Wildlife Fund

A modified Driver-Pressure-State-Impact-Response (DPSIR) 
model (Figure 1) was used to guide discussions of the 
connections between stressors (eg sediment) and their effects 
on valued system components which may be ecological (eg 
effects on benthic communities), social or cultural (eg effects 
on tourism, cultural practices, recreational opportunities). 
Data was also collected on barriers to CE management 
and assessment, possible ways forward, and connections to 
organisations working at other scales. As time and resources 
allow, these findings will be developed into a project report 
and posted on the project webpage. 

 

Figure 1: The DPSIR framework (Driving Forces-Pressures-
State-Impacts-Responses) can be used to assess and 
manage complex environmental problems. Driving forces 
are, for example, the socio-economic and socio-cultural 
forces driving human activities, which increase or mitigate 
pressures on the environment. Pressures are the physical, 
biological, or chemical ways in which an activity (eg land 
development) effects another part of the system. They 
can be created by different drivers or activities. State is 
the condition of the environment or some other important 
system component. Impact is the effects of environmental 
degradation. Response refers to the responses by society to 
the environmental situation. Adapted from Kristina Thygesen 
(2016) “The levels of DPSIR framework” <www.grida.no/
resources/8124>. 

A final project workshop, held in December 2018, brought 
together 58 experts and leaders in CE governance, science, 
management and decision making to contribute to the 
development of a common vision and an initial suite of 
principles for CE management in Aotearoa NZ. Participants 
also collaboratively tested a draft CE management 
framework – the Aotearoa Cumulative Effects Framework 
(ACE) – using scenarios (for details see Roa Petra Crease 
and others, this issue). 

LESSONS LEARNED

Over the course of this project, several important lessons 
were learned about how best to progress a complex 
inter and transdisciplinary project on CE. First, it is 
crucial to secure partners from key agencies and councils 
in the earliest possible stages of the project proposal 
development. Engagement should be wide and inclusive 
of all relevant stakeholders and iwi/Māori – a stakeholder 
analysis or iterative identification process may be needed. 
Developing the partnership should be acknowledged as 
only the first step to be undertaken in order to address CE 
management but is the foundation that underpins ongoing 
collaboration.

Second, within this group of partners, champions 
are needed and should be supported and rewarded 
whenever possible. Ideally, partners should be connected 
to networks that allow them to get project findings and 
recommendations heard. Partners will have independent 
institutional priorities which they are required to deliver 
on, limiting their capacity to contribute to collaborative 
partnerships. Use their time efficiently, considering how 
best to involve different stakeholders and iwi/Māori and for 
what purpose, and communicate clear outcomes to justify 
their involvement.

Third, invest time in engaging with stakeholders and 
iwi/Māori to better understand what they perceive as 
key political/policy/legislative constraints and how their 
organisation assesses/manages CE. Outputs should be 
framed to be useful now but to be expanded and built on 
if/when future opportunities for reform emerge. 
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FUTURE WORK 

We believe that the findings and recommendations 
associated with these themes will support practitioners to 
take a systems approach to CE management in advance of 
a crisis and make more informed decisions within existing 
legislative and institutional constraints. However, more work 
is needed to ensure that improvements to CE management 
in Aotearoa NZ are implemented. To progress this agenda, 
we recommend that future work on CE focus on:

• analysis of existing methods, tools and data to identify 
and assess CE;

• developing guidelines/guidance for assessing CE in 
Aotearoa NZ;

• conceptual models, risk assessments, and gap analyses 
to help identify sources of uncertainty and their 
importance; and

• further testing and trialling of the CE principles and ACE 
framework in real-world case studies to adapt these 
tools for use across spatial and temporal scales.

INTRODUCTION

The management of coastal and marine cumulative 
effects (CE), defined broadly as “the effects of stressors 
that overlap in space and/or time”, is thwarted by many 
challenges that stretch across spatial and temporal scales. 
Ongoing degradation of marine environments resulting 
from the inadequate management of CE has led to the loss 
of resources (Melissa Foley and others “The challenges 
and opportunities in cumulative effects assessment” 
(2017) 62 Environ Impact Assess Rev 122), the decline of 
valuable system components (including social and cultural 
elements) and created uncertainty for investors and industry 
(Kathryn Davies and others “Navigating collaborative 
networks and cumulative effects for Sustainable Seas” 
(2018) 83 Environ Sci Policy 22). 

There is a general recognition that collaboration between 
key institutes and stakeholders is needed to produce 
effective CE governance and management (Benjamin 
Halpern and Rod Fujita “Assumptions, challenges, and 
future directions in cumulative impact analysis” (2013) 
4 Ecosphere 1; Carolyn Lundquist and others “Science 
and societal partnerships to address cumulative impacts” 
(2016) 3 Front Mar Sci); this process requires the negotiated 
development of collective aspirations and principles. This 
paper describes the results of a collaborative workshop 
where a diverse group of participants (ie 58 experts and 
leaders in CE governance, science, management and 
decision making) tested a process by which a collective 

vision for CE management could be developed and 
proposed a series of eight aspirational principles that 
could guide CE management in Aotearoa New Zealand 
(Aotearoa NZ) (see Roa Petra Crease and others “How can 
collaboration improve cumulative effects management 
practices?” this issue for details). 

While adhering to all proposed principles may not be 
possible at present, their incorporation into future CE 
management efforts is likely to help foster the development 
of new ideas and ways of doing. Due to the diverse nature 
of the workshop participants, the transdisciplinary focus of 
the research, and the complexity of the CE management 
problem, the principles that resulted from this discussion 
are a blend of ecological, economic, governance, and social 
principles. This is appropriate because these principles are 
aimed at addressing management challenges, rather than 
guiding cumulative effects assessments. As a consequence, 
they are more social than ecological in focus. Moreover, 
effects considered are not only the direct effects on the 

Authors:
Kathryn Davies, Karen Fisher,  
Gemma Couzens, Linda Faulkner  
and Judi Hewitt

Principles for cumulative 
effects management in 
Aotearoa New Zealand

Environmental.

Anderson Lloyd’s expertise in environment, natural 
resource, local government, planning and project 
law is recognised nationally and internationally.
We work closely with our clients to understand their needs  
and our advice is strategic, technical and pragmatic.

Continued
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natural ecosystem and the flow-on from these effects to 
human systems (social, cultural and economic), but also the 
direct effects on those human systems.

If applied to coastal and marine CE management and 
decision making in Aotearoa NZ in a systematic manner, the 
principles described in this paper could help support the 
implementation of ecosystem-based management (EBM), 
and aid regulatory authorities to meet their obligations 
under legislation with respect to managing cumulative 
effects. These principles could be used to develop cross-
scale management strategies and link policies across 
legislative regimes to achieve healthy ecological, social, 
and economic systems. To be effective, however, these 
principles must be used to guide the development of 
specific objectives, roles, and responsibilities in terms of 
ecosystem health and human wellbeing (Melissa Foley 
and others “Guiding ecological principles for marine 
spatial planning” (2010) 34 Mar Policy 955). Place-based 
differences in systems, values and priorities will lead to a 
spectrum of outcomes, which should be assessed against 
the objectives and principles to determine if these are still 
being upheld across a range of scales (Figure 1).

Figure 1: Flow diagram illustrating the effective use of CE 
management principles in a cross-scale planning regime. 

The increasing reliance on collaborative decision-making 
processes, especially regarding environmental decision 
making, renders adherence to legal and Treaty-based 
principles that clarify the rights of citizens involved in 
these processes increasingly important (José Vicente 
López-Bao and others “The Achilles heel of participatory 

conservation” (2017) 212 Biol Conserv 139). Principles-
based approaches to coastal and marine management have 
been applied elsewhere; notably Australia’s Great Barrier 
Reef Marine Park Authority (GBRMPA) has developed a 
suite of cumulative impacts principles that are included 
in the Cumulative Impact Management Policy (2018). 
The Sustainable Seas National Science Challenge (the 
Challenge) has also proposed an initial set of principles for 
EBM (Judi Hewitt and others “Proposed ecosystem-based 
management principles for New Zealand” (November 
2018 RMJ 10). The principles identified by the Challenge 
broadly align with the principles proposed here for CE 
management, although the principles developed through 
this research are more specific to the consideration of CE 
(see Table 1 for direct comparisons).

PRINCIPLES FOR CE MANAGEMENT IN 
AOTEAROA NZ

The ideas regarding CE management principles that 
emerged from the collaborative CE workshop held in 
Wellington on 3 December 2018 have been compiled into 
the following eight principles: 

• Tiriti o Waitangi / Treaty of Waitangi established a 
partnership between Māori and the Crown. Its application 
in cumulative effects management approaches should 
reflect a shared responsibility, and the need to draw 
from, and be informed by, knowledge and authority 
relevant to, and derived from, both world views.

• Our relationships and responsibilities include care 
for both the natural and human (social, cultural and 
economic) environments. CE management approaches 
should therefore codify this relationality and these 
long-term timescales in a way that is sustainable and 
protective of mauri.

• A ki uta ki tai / mountain to sea approach is important 
to understanding and addressing issues of scale 
(spatial and temporal), connectivity, cause and effect. 
This holistic concept acknowledges relationships and 
interdependencies – including between the ecological, 
social, and cultural. The concept applies to the marine 
environment as a whole and is not bound by human-
imposed jurisdictional boundaries.

• Intergenerational equity and fairness should be 
considered in addition to impacts on existing users and 
the natural world; the distribution of costs and impacts 

of CE is not equal in terms of who or what is affected 
over space and/or time. 

• Best available relevant information (for more on this 
phrase, please see a brief discussion in the conclusions) 
should be sourced from multiple knowledge systems 
(eg mātauranga Māori, local knowledge and science), 
to ensure cumulative effects decision making is well 
informed and appropriate to context (ecological, social, 
cultural, etc).

• A precautionary approach should guide CE 
management and decision making. Management actions 
to avoid, remedy or mitigate CE should not be postponed 
due to a lack of certainty, especially where significant or 
irreversible damage to valuable system components 
could occur (eg, ecological or social health).

• Respectful and independent processes should guide 
CE management and decision making; processes should 
be transparent, inclusive, participatory, independent 
from undue influence and associated with a high level 
of accountability.

• A flexible and adaptive management approach is 
needed to manage for CE; a mix of regulatory and non-
regulatory approaches may be adopted to manage CE 
depending on scale.

RELATIONSHIP WITH NATIONAL AND 
INTERNATIONAL PRINCIPLES

The principles developed for this project closely align 
with CE and EBM principles developed elsewhere, but 
also include key components that recognise the specific 
context of CE management in Aotearoa NZ. For example, 
GBRMPA’s 2018 cumulative impact management policy 
includes four high-level principles for assessing cumulative 
effects: 

(1) adopt a consistent approach to cumulative impact 
management terminology and methods;

(2)  understand issues of scale, and cause and effect;

(3)  assess against desired state, current condition, 
thresholds and standards; and

(4)  use integrated approaches and a range of management 
mechanisms.

There are many similarities between these and the 
principles that have been proposed for CE management 

in Aotearoa NZ, even though the GBRMPA principles 
focus specifically on the assessment of CE. The first 
principle from GBRMPA is the rationale for the creation 
of our eight principles and lies behind each of them. We 
expand this specific principle with the need for processes 
to be inclusive, transparent and participatory under the 
heading “respectful and independent processes”. The 
second principle from GBRMPA is reflected in the “ki uta 
ki tai” principle outlined above; this principle has been 
applied by Māori for generations and addresses wider 
consideration including the interdependent relationship 
of people as part of the environment. This principle is 
also extended by our principle “our relationships and 
responsibilities”. The third principle from GBRMPA is 
included in the “best available relevant information” 
principle outlined at the workshop, although the GBRMPA 
principles are very specific, while the Aotearoa NZ-based 
principles aimed to be more generally applicable. Finally, 
the fourth GBRMPA principle aligns loosely with our 
“flexible, adaptive management” and “best available 
relevant information” principles. Although there is 
no specific mention of “integrated” in the Aotearoa 
NZ context, the inclusion of a range of knowledges to 
account for changes in understanding of CE means that 
we are recognising the need for adaptive approaches to 
CE management that are inclusive and holistic. 

Each of our workshop-derived principles sits under at 
least one of the principles proposed for New Zealand 
EBM (Table 1; Judi Hewitt and others “Proposed 
ecosystem-based management principles for New 
Zealand” (November 2018 RMJ 10)). The lack of a one-to-
one correspondence reflects the more specific nature of 
our CE management principles. At the same time, two of 
our principles (“ki uta ki tai / mountain to sea” and “our 
relationships and responsibilities” underlie more than 
one EBM principle. These overlaps are not surprising, 
given that both EBM and CE management require 
decision makers to think across scales and understand the 
sensitivities and resilience of receptors and values rather 
than manage on an activity-by-activity basis. However, 
in the absence of a marine spatial planning framework 
or similar holistic planning mechanism, effective CE 
management will likely remain a challenge. 

 

Continued



RESOURCE 
MANAGEMENT  
JOURNAL 15w

w
w

.r
m

la
.o

rg
.n

zRESOURCE 
MANAGEMENT  

JOURNAL14

w
w

w
.rm

la.org.nz

 
CONCLUSIONS

The principles presented in this paper can provide a starting 
place for future discussions and negotiations across diverse 
interest groups and coastal and marine decision-making 
authorities. Future work on CE could incorporate a version 
of these principles as a high-level guide that influences how 
CE management is designed and practiced in Aotearoa NZ. 
Whakataukī (proverbs) might also provide future guidance 
for developing principles and practices. Whakataukī are 
often a combination of historical information and holistic 
perspectives and are important in Māori culture. 

Some issues that still need to be resolved relating to principles 
are around who has authority/obligation associated with 
implementing the principles, and how they would be 
enforced. A further principle (beyond the references to long 
time scales in “our relationships and responsibilities” and 
“intergenerational equity and fairness”) may be needed 
to ensure that the long-term culture of CE management is 
not eroded by decisions made for short-term expediency, 
and to combat the realities of key people moving roles and 
organisations restructuring. 

Table 1: EBM principles proposed by the Sustainable Seas National Science Challenge Leadership Team, compared with 
CE management principles developed from collaborative workshop data.

Proposed EBM Principles Initial CE Principles

Governance structures provide for Treaty of Waitangi 
partnerships, tikanga and mātauranga Māori.

Tiriti o Waitangi / Treaty of Waitangi established a 
partnership between Māori and the Crown. Its application 
in CE management approaches should reflect a shared 
responsibility, and the need to draw from, and be informed 
by, knowledge and authority relevant and derived from both 
world views.

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.

A ki uta ki tai / mountain to sea approach is important 
to understanding and addressing issues of scale (spatial 
and temporal), connectivity, cause and effect. This holistic 
concept acknowledges relationships and interdependencies 
– including between the ecological, social, and cultural. The 
concept applies to the marine environment as a whole and 
is not bound by human-imposed jurisdictional boundaries.

Humans, along with their multiple uses and values for 
the marine environment, are considered as part of the 
ecosystem.

A ki uta ki tai / mountain to sea approach is important 
to understanding and addressing issues of scale (spatial 
and temporal), connectivity, cause and effect. This holistic 
concept acknowledges relationships and interdependencies 
– including between the ecological, social, and cultural. The 
concept applies to the marine environment as a whole and 
is not bound by human-imposed jurisdictional boundaries.

Our relationships and responsibilities include care for 
both the natural and human (social, cultural and economic) 
environments. CE management approaches should therefore 
codify this relationality and these long-term timescales in a 
way that is sustainable and protective of mauri.

Healthy marine environments, and their values and uses, are 
safeguarded for future generations.

Intergenerational equity and fairness should be 
considered in addition to impacts on existing users and the 
natural world; the distribution of costs and impacts of CE 
is not equal in terms of who or what is affected over space 
and/or time. 

Our relationships and responsibilities include care for 
both the natural and human (social, cultural and economic) 
environments. CE management approaches should therefore 
codify this relationality and these long-term timescales in a 
way that is sustainable and protective of mauri.

Collaborative, co-designed and participatory decision-
making processes are used, involving all interested parties 
from agencies, iwi, industries, whānau, hapū, and local 
communities.

Respectful and independent processes should guide 
CE management and decision making; processes should 
be transparent, inclusive, participatory, independent 
from undue influence and associated with a high level of 
accountability.

Decisions are based on science and mātauranga Māori and 
are informed by community values and priorities.

Best available relevant information should be sourced 
from multiple knowledge systems (eg mātauranga Māori, 
local knowledge and science), to ensure cumulative effects 
decision making is well informed and appropriate to context 
(ecological, social, cultural, etc).

Flexible, adaptive management, appropriate monitoring 
and acknowledgement of uncertainty are promoted.

A flexible and adaptive management approach is needed 
to manage for cumulative effects; a mix of regulatory and 
non-regulatory approaches may be adopted to manage CE 
depending on scale.

A precautionary approach should guide CE management 
and decision making. Management actions to avoid, remedy 
or mitigate CE should not be postponed due to a lack of 
certainty, especially where significant or irreversible damage 
to valuable system components could occur (eg, ecological 
or social health).

Further work and definitions are also likely to be needed 
around the knowledge required (see Andrew Allison 
and others “Knowledge and information needed to 
inform cumulative effects management in Aotearoa 
New Zealand”, this issue, for details). At present, many 
New Zealand policies and statutes reference the need 
to use “best” available information. However, the 
types of knowledge used to assess effects vary across 
sectors (eg business, cultural, environmental) and across 
disciplines (eg fisheries, ecological, traditional and social 
sciences) and it is important to realise that what is “best” 
for one situation may not be the most useful in another 
(Murray Rudd and others “Ocean Ecosystem-Based 
Management Mandates and Implementation in the North 
Atlantic” (2018) 5 Front Mar Sci 485). The Challenge is 
presently considering that a focus on “most relevant” 
information may better meet the needs of cumulative 
effects within an EBM framework, rather than a focus on 
“best”.
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INTRODUCTION

Cumulative effects (CE) management in Aotearoa 
New Zealand (Aotearoa NZ) is beleaguered by the 
current fragmentation of management and governance 
arrangements and a resulting lack of agreement over 
what knowledge, what types of knowledge, and whose 
knowledge, is needed to address complex human-
environmental problems (Scott Bremer and Bruce Glavovic 
“Exploring the science-policy interface for Integrated 
Coastal Management in New Zealand” (2013) 84 Ocean 
Coast Manag 107; Ryan Kelly and others “How not to fall 
off a cliff, or, using tipping points to improve environmental 
management” (2015) 41 Ecology L Q 843; Carolyn 
Lundquist and others “Science and Societal Partnerships 
to Address Cumulative Impacts” (2016) 3 Front Mar Sci)). 
This paper investigates the various forms of knowledge 
and information needed to more effectively manage CE in 
the Aotearoa NZ context. 

CE management requires a platform of holistic systems-
based thinking that integrates cross-scale interactions 
and combines the numerous synergistic and antagonistic 
human-environmental impacts. Various approaches 
facilitate systems-based thinking, though these tactics are 
often in conflict with current sector-based management 
and statutory regulations. Principles-based approaches can 
provide guidance for CE management without being overly 
prescriptive (for example in Kathryn Davies and others 
“Navigating collaborative networks and cumulative effects 
for Sustainable Seas” (2018) 83 Environ Sci Policy 22;

Kathryn Davies and others “Trans-Tasman Cumulative 
Effects Management: A Comparative Study”, Frontiers in 
Marine Science) (forthcoming). Inter and transdisciplinary 
research programmes aim to enable holistic, interconnected 
approaches to resolving complex problems, avoiding the 
limitations of typical management approaches that focus 
on prescriptive limit setting for individual stressors, and 
ignore stressor interactions. The types of knowledge(s) 
(eg natural, social, economic, indigenous, local) required 
to undertake such approaches may have been identified, 
but have not yet been explored by the existing body 
of literature and research on CE management and 
governance, particularly when considering the application 
of imperfect knowledge(s) across the science-policy 
interface (Melissa Foley and others “The challenges and 
opportunities in cumulative effects assessment” (2017) 62 
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Knowledge and information 
needed to inform cumulative 
effects management in 
Aotearoa New Zealand

Environ Impact Assess Rev 122; Judi Hewitt and others 
“Proposed ecosystem-based management principles 
for New Zealand” (November 2018 RMJ 10)). Here, we 
clarify the types of knowledge and information needed to 
effectively manage CE, by first focusing on answering the 
question of “effects on what?”.

METHODS

The information presented here derives from a workshop 
held on 3 December 2018 in Wellington, New Zealand 
as part of the “Navigating the implementation impasse: 
enabling interagency collaboration on cumulative 
effects” project of the Sustainable Seas National Science 
Challenge<https://sustainableseaschallenge.co.nz/
programmes/our-seas/navigating-implementation-
impasse>. Workshop participants included 56 experts 
and leaders in CE governance, science, management 
and decision making; 47 participants and 9 organisers/
facilitators were from 26 organisations (Table 1). 

Table 1: Workshop organisers/facilitators and participant 
organisations.

Type of Organisation
Number of 
Participants

Government (Crown) Research Institutes 5

Other research and environmental 
institutes

12

Indigenous research consultants 4

Central Government 13

Local / Regional Government 8

New Zealand Academic Institutions 8

Graduate students / postdoctoral 
research associates

8

Workshop participants were invited to engage in two 
breakout sessions while undertaking the following three 
tasks: 

(1) contribute to the development of a common vision for 
cumulative effects management in Aotearoa NZ; 

(2)  test a draft framework for cumulative effects 
management; and 

(3)  evaluate project progress so far and make 
recommendations for future efforts. 

Here, we focus on information derived from one portion 
of the second workshop exercise, where two self-selected 
breakout groups of 10 participants and a facilitator 
discussed what knowledge and information would be 
needed to address CE. Focus group data was coded using 
NVivo and assessed using a qualitative content analysis to 
extract key themes from the discussions.

Participants were asked to consider cumulative effects 
management from a ki uta ki tai – mountain to sea 
perspective, and how this relates to Aotearoa NZ’s existing 
legal and administrative boundaries. The ki uta ki tai 
approach includes terrestrial interests and extends out to 
200 nautical miles. At the workshop, “cumulative effects” 
was broadly defined as the effects of ecological and socio-
economic stressors that overlap in space and/or time.

RESULTS

Figure 1 shows the results of the qualitative content 
analysis; participants’ comments were categorised into 
one of four categories. Two-thirds of participants in the 
knowledge breakouts highlighted at least one aspect of 
science knowledge and ILK knowledge, with less than half 
noting the importance of SPEC and legislative knowledge 
in informing CE. In terms of mentions of different aspects 
of each type of knowledge, scientific knowledge was 
overwhelmingly identified, with approximately twice the 
number of individual mentions of ILK knowledge, and 
around three times the mentions of SPEC and legislative 
knowledge. Based on these categories, we approach 
the question of what knowledge is needed to manage 
for CE from four angles: “scientific knowledge” (typically 
on natural or biological systems); “ILK” (indigenous and 
local knowledge); “SPEC” (social, political, economic and 
cultural) knowledge; and “legislative knowledge”.

Continued
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Figure 1: Classified knowledge-information data from 
content analysis of workshop breakout groups with a total 
of 20 participants. Types of knowledge mentioned were 
categorised into our four angles of analysis: scientific 
knowledge, ILK (indigenous and local knowledge), SPEC 
(social, political, economic and cultural) knowledge, and 
legislative knowledge.

Science

We believe that many different types of knowledge could 
qualify as “science”, defined broadly as the diverse 
set of approaches used to understand the workings of 
the natural world to inform management of human-
environmental system. However, we recognise that the 
term is more commonly used to describe a western-based 
system of knowledge gathering that relies on empirical 
data collection and analysis using the scientific method, 
or predictive models and risk assessment tools. Either 
way, robust data, coupled with in-depth analysis and 
collaborative input from Māori, stakeholders, industry and 
local groups, mean that science can be a tool for motivating 
improved decision-making and industry actions. Inter 
and transdisciplinary research and communication across 
disciplinary and institutional borders is known to facilitate 
higher-quality and more applicable and useful data than 
that produced in traditional disciplinary silos. The complex 
dynamics found in complex human-environmental 
systems (eg Lance H Gunderson and CS Holling Panarchy: 
Understanding Transformations in Human and Natural 
Systems (Island Press, Washington DC, 2002)) require 
novel and collaborative approaches to unravel. Modelling 
can be used for predictive or exploratory purposes, as a 
way of untangling complex interactions within a coastal 
marine system and discovering tipping points and 

thresholds that can lead to wholesale change in system 
form and behaviour; this type of information is often vital 
to improving management outcomes. 

A dearth of information of Aotearoa NZ’s marine 
environment was extensively mentioned in the workshop 
breakouts; one participant described the situation as such:

“As far as information is concerned, we don’t have 
enough! ... This is a real problem for New Zealand. 
National-level data is not that useful … We need 
to put more money into getting this data. We 
have so much more sea than land, but only a tiny 
fraction of the research budget … Stop spending 
so much time counting fish. Think about what we 
are investing in.”

There are limitations in Aotearoa NZ around what data 
is available, meaning that information used in natural 
resource management comes from both scientific research 
and from data that industries and operators have gathered 
themselves. Industry data collection (eg on catch) is 
characterised by both industry reps and Ministry for Primary 
Industries (MPI) as extensive and robust, but it is not clear 
how much analysis is done to synthesise this information 
in any way – in fact, MPI representatives suggested that 
this is still rarely, if ever, done. Further, this information 
typically includes only fish and bycatch (the latter being 
generally large sedentary epifauna). Debate and tensions 
remain in Aotearoa NZ over who is responsible for both 
collecting, and paying for the collection of, scientific and 
other information; reliance on industry data leaves science 
open to questioning around whose priorities are reflected 
in the data being used to inform CE management.

ILK (indigenous and local knowledge)

Mātauranga Māori (Māori knowledge) is built on a holistic 
world view that emphasises relationality, interconnectedness, 
and the cultural and metaphysical dimensions of place. 
Many benefits can arise from including mātauranga 
Māori in the marine science space, including improving 
the integration of values and science for the benefit of 
management. Governance structures need to better provide 
for mātauranga Māori to allow for decisions informed by 
community priorities and values and that are consistent with 
Te Tiriti o Waitangi (Treaty of Waitangi) responsibilities.

Consistent with the literature, workshop participants 
generally acknowledged that better outcomes would result 

from relying on an inclusive and collaborative knowledge 
base. The contribution of a range of knowledges was 
recognised as needing to be empowered and respected 
through collaborative learning processes. Anecdotal 
evidence from local people is widely used as a method 
of clarifying questions about key areas and habitats; local 
knowledge is important to consider in conjunction with, 
not in the absence of, scientific knowledge:

“The experiences of community provide another 
way of monitoring.” 

Current legal and procedural frameworks can stymie 
collaborative and inclusive consideration of cultural effects 
of natural resource management decision-making. Issues 
raised are often recognised by governance entities as 
being important to local interests, but they are not always 
able to be considered within the scope of a consenting, 
or other, process. As in all areas, work remains to be done 
on developing an inclusive and diverse understanding of 
coastal and marine systems. Improved outcomes result 
from an inclusive and collaborative knowledge base, with 
mātauranga Māori and local knowledge at the forefront 
of efforts to inclusively manage for CE. Integrating local 
values into decision-making can improve engagement with 
complex systems and help to improve the issues they face. 
Acknowledging place in this way can account for localised 
differences in beliefs, process, and practices, particularly 
for iwi/hapū.

SPEC (social, political, economic and cultural) 
knowledge

CE do not just have impacts on the ecological and physical 
environment but also impact social, political, economic 
and cultural (SPEC) values; greater consideration of SPEC 
in formulating and applying management approaches is 
required. As noted by one participant:

“There isn’t a situation where you would set a limit 
or a CE threshold based purely on environmental 
considerations. There is always a social or economic 
aspect.”

However, workshop participants overwhelmingly described 
the collection of SPEC data as ad hoc or irregular. Available 
information was described as “fuzzy”, “incoherent” and 
“out of context”. While SPEC elements were considered 
fundamental to improved decision making, the disconnect 
of qualitative SPEC data from quantitative scientific 

monitoring and legal frameworks leaves much available 
SPEC data unusable or ignored; it can be difficult to 
navigate SPEC values as they are regularly in conflict or 
competition with one another. Ways of relating the flow on 
effects of impacts on the ecological and physical system to 
SPEC values are required.

Inclusion of social, cultural, economic and political values 
in decision making allows for improved collaboration and 
the development of trust and relationships between groups 
and individuals. In multi-disciplinary collaborative research 
programmes, it takes time to build trust between stakeholders 
(Dirk Roux and others “Framework for participative reflection 
on the accomplishment of transdisciplinary research 
programs” (2010) 13 Environ Sci Policy 733), and to close 
knowledge gaps between participants and in the project 
as-a-whole. Improving the interconnectedness of diverse 
forms of knowledge and finding ways to integrate SPEC 
data into governance and decision-making processes can 
facilitate the development of a shared or common approach 
to management of coastal and marine areas. 

Legislative knowledge

A thorough understanding of relevant legislation allows 
CE practitioners to work within the confines of law or to 
understand where disruption may be needed. The need 
to consider CE in decision making, and to address and 
manage CE in some situations, is embedded in the RMA, 
the EEZ Act, and many other relevant pieces of Aotearoa 
NZ legislation, but exactly how CE should be considered 
remains debated, with there being no clear definition 
of CE within any Aotearoa NZ legislation. Workshop 
participants found that engagement with public processes 
such as consultations and hearings allowed individuals 
and interest groups a voice in the legislative and decision-
making processes that they may not otherwise have. 
However, it was noted that in many cases, engagement 
came at too late of a stage to have genuine bearing on 
the project in question, and was described as “reactive”, 
as opposed to proactive engagement. Planning tools 
such as the application of resource consent conditions 
that require monitoring or reporting or the designation 
of areas of significant ecological importance provide 
opportunities to manage more proactively for CE under 
existing legislation.

Continued
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There are barriers to legislation being of use in improving 
CE knowledge and management. For example, much 
legislation governing coastal and marine areas has overlaps 
in jurisdictions and legislative scope. An example from a 
workshop participant:

“None of the monitoring requirements from the 
RMA have been carried through to the EEZ Act. So, 
we are not required to gather that sort of data.”

Clarification of overlapping statutes and uncertainties over 
which law takes precedence is required. In addition, the 
consistent and strategic application of planning tools under 
existing legislation requires strong policy and objective 
direction, and clear scientific backing to determine when 
implementation is needed and when non-compliance 
occurs.

Lack of synthesised knowledge

In addition to the four angles of analysis, uncertainty about 
the form and functioning of complex systems due in part 
to lack of knowledge is a major issue that CE management 
needs to address to move forward; how uncertainty is 
dealt with needs to be negotiated in the context in which it 
exists. Melissa Foley and others, in this issue, discuss some 
of the main issues with uncertainty and lack of information 
in CE management. 

One approach to dealing with knowledge gaps is to 
synthesise existing knowledge forms so that all relevant 
information is considered when making decisions. 
Work remains to be done in terms of finding methods 
and approaches to bringing together diverse data sets 
operating on a multitude of scales. Collaborative, inter and 
transdisciplinary science and research leads to a pluralistic, 
more comprehensive, and widely trusted understanding 
of a complex system than practices that include only 
biophysical or ecological science. However, adequate 
timeframes and associated funding is fundamental to a 
collaborative process.

Participants and researchers alike recognise the glaring 
knowledge gaps and the dominance of industry-driven 
data capture in what is being measured, and how it is 
being measured. More thought needs to be given to where 
and why a certain element or species is being measured. 
Processes also need to better provide for interconnected 
scales. 

DISCUSSION

Information on uses of marine habitats and the effects 
of those uses on social, cultural, and ecological values is 
limited. CE decision-making should be informed by the 
“relevant available information” (RAI), which includes 
ecological, environmental, social, cultural and economic 
information of the marine environment at relevant 
organisation, spatial and temporal scales to the CE that is 
available without unreasonable cost, effort or time. Care 
should be taken, however, to consider how available 
information and reasonable cost have been interpreted in 
a legal context. Synthesising multiple diverse knowledge 
systems is fundamental to collecting RAI. Once obtained, 
RAI must be used to create adaptive management 
guidelines, set limits where possible and useful, and to 
assess CE and assign responsibility for the mitigation of 
these effects. Perfect information is not achievable, so 
acknowledging the uncertainty associated with the RAI is 
also important. 

By committing to collaborative processes that support 
social learning across disciplines, cultures, and other 
boundaries, respect for and trust in the expertise of others 
can be developed. These processes tend to utilise face-to-
face meetings and develop shared knowledge (as well as 
methods to share this knowledge with broader networks). 
This can encourage disparate interest groups to connect 
and communicate more effectively, which was described by 
workshop participants as being fundamental to improving 
CE management. 

Highly informed people need to participate, but there 
should also be a knowledge gap analysis conducted to 
ensure that important information is not missing. Workshop 
participants pointed out the need for more and better 
conduits of knowledge to bridge the knowledge gap across 
different groups/institutions and the need for alternative 
ways to deliver messages.

Scientific knowledge and information should be 
interwoven with ILK, SPEC and legislative knowledge to 
improve outcomes for CE management. Interconnected, 
systems-based approaches were considered crucial to 
effective CE management by workshop participants. 
The role of limit-setting and the need for environmental 
bottom-lines were also emphasised; a National Policy 
Statement (NPS) was put forward as one potential solution 

to dealing with these, but the absence of adequate data to 
produce such an NPS again came to the fore. That being 
said, not everything can be achieved through regulatory 
frameworks – a “toolbox” approach is needed. Long-
term planning and strategic assessments were recognised 
by industry and governance bodies to be of benefit to 
coastal and marine systems, and the timeframes under 
which such planning is done is seen to be increasing (eg in 
the 25-50 year bracket). 

CONCLUSIONS

• Collaborative, inter and transdisciplinary science and 
research leads to a pluralistic and more comprehensive 
understanding of a complex system than practices that 
include only biophysical or ecological science; adequate 
timeframes and associated funding is fundamental to 
this process.

• A thorough understanding of relevant legislation allows 
CE practitioners to work within the confines of law; 
clarification of overlapping statutes and uncertainties 
over which law takes precedence is required.

• Improved outcomes result from an inclusive and 
collaborative knowledge base, with mātauranga Māori 
and local knowledge at the forefront of efforts to 
inclusively manage for CE.

• CE do not just have impacts on the ecological 
and physical environment but also impact social, 
political, economic and cultural (SPEC) values; greater 
consideration of SPEC in formulating and applying 
management approaches is required. 

• To deal with knowledge gaps and enable best-practice 
CE management, all relevant available knowledge needs 
to be synthesised into a useable and useful, coherent 
whole.



RESOURCE 
MANAGEMENT  
JOURNAL 23w

w
w

.r
m

la
.o

rg
.n

zRESOURCE 
MANAGEMENT  

JOURNAL22

w
w

w
.rm

la.org.nz

INTRODUCTION

Acknowledging the uncertainty that exists in knowledges, 
decision-making processes, and system interactions is 
a major challenge for resource managers and decision 
makers. It is particularly challenging for cumulative effects 
(CE) management because the range of stakeholders, 
number of activities, and scope of decision making is 
diverse and complex. Making decisions when uncertainty 
exists is challenging because outcomes may be different 
than predicted, particularly if uncertainty is high, resulting 
in failed management actions and disappointment 
(Katherine Ralls and Barbara L Taylor “Better policy 
and management decisions through explicit analysis of 
uncertainty: new approaches for marine conservation” 
(2000) 14 Conserv Biol 1240). Managing with disregard 
to uncertainty can also result in “surprises”— unexpected 
non-linear changes in ecosystem state caused by crossing 
an ecosystem tipping point (Daniel F Doak and others 
“Understanding and predicting ecological dynamics: 
are major surprises inevitable” (2008) 89(4) Ecology 952; 
Melissa M Foley and others “Using ecological thresholds 
to inform resource management: current options and 
future possibilities” (2015) 2 Front Mar Sci 95). 

Tipping points exist in ecological, social, and economic 
systems, and an increasing number of examples show how 
crossing a tipping point in one system can propagate to 
others (Elizabeth A Fulton and others “Human behaviour: 
the key source of uncertainty in fisheries management” 

(2011) 12(1) Fish and Fisheries 2). Trying to recover 
after these events can be costly, and in some cases the 
unintended effects are not reversible (Terry Hughes and 
others “Climate change, human impacts, and the resilience 
of coral reefs” (2003) 301(5635) Science 929). Uncertainty 
can be overwhelming and often results in decision paralysis 
for fear of getting it wrong, delaying forward progress on 
managing CE.

Uncertainty can arise for multiple reasons, including 
epistemology (limited knowledge), ontology (natural 
variability), ambiguity (different framing and perspectives), 
and linguistics (lack of clarity or agreement in language 
or definition) (Helen M Regan, Mark Colyvan, and Mark A 
Burgman “A taxonomy and treatment of uncertainty for 
ecology and conservation biology” (2002) 12(2) Ecol Appl 
618). These sources of uncertainty are present to varying 
degrees in every step of the decision-making process 
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The implications of 
uncertainty on cumulative 
effects management

from problem definition to management implementation 
(Simona Pedde and others “Bridging uncertainty concepts 
across narratives and simulations in environmental 
scenarios” (2019) 19(3) Reg Environ Chang 655). 

With regards to CE management, initial uncertainty 
discussions tend to focus on epistemic or ontological 
uncertainty such as limited knowledge and natural variability, 
including uncertainties associated with temporal and spatial 
variability, sampling error, interactions between stressors, 
model inputs, and implementation (John Harwood and 
Kevin Stokes “Coping with uncertainty in ecological advice: 
lessons from fisheries” (2003) 18(12) Trends Ecol Evol 
617; EJ Milner-Gulland and Katriona Shea “Embracing 
uncertainty in applied ecology” (2017) 54 J Appl Ecol 2063). 
In addition, ambiguity is likely to play a major role due to 
the number of stakeholders with multiple perspectives on 
a problem or when knowledge is interpreted differently. 
Linguistic uncertainty can be prevalent throughout the 
process, particularly when defining the problem, assessing 
possible strategies, and implementing solutions. 

In this paper, we review the different types of uncertainties 
that may be important for CE management. We then present 
how practitioners in Aotearoa New Zealand (Aotearoa NZ) 
view uncertainty based on interviews and workshops. We 
also present their suggestions for incorporating uncertainty 
into CE management using the Aotearoa Cumulative Effects 
framework (ACE). For an overview of the ACE framework 
and how it was developed and tested, please see Roa 
Petra Crease and others, “How can collaboration improve 
cumulative effects management practices?”, this issue. 

UNCERTAINTY AND CUMULATIVE EFFECTS

By definition, CE occur when stressors overlap in time 
and/or space. When assessing the scope and defining the 
goals of CE management, sources of uncertainty caused by 
limited knowledge fall into three bins: 

(1) the scale of a stressor generated by an activity 
(ie magnitude, frequency, duration, spatial coverage); 

(2)  the susceptibility of system components to those 
stressors; and 

(3)  the non-additive interactions between multiple 
stressors. 

The scale of effects is unknown for many stressors 
and is generally difficult to determine. In most current 

management frameworks, the scale of the stressor is limited 
to the point where the activity occurs, despite knowledge 
that the scale of response is often wider reaching. Stock 
and Micheli (Andy Stock and Fiorenza Micheli “Effects of 
model assumptions and data quality on spatial cumulative 
human impact assessments” (2016) 25(11) Glob Ecol 
Biogeogr 1321) found that CE models were sensitive to 
this assumption and outcomes were significantly different 
if the effect spreads beyond the point where the activity 
occurs. The susceptibility of ecosystem components to 
stressors is often assessed using expert judgment (for 
example Benjamin S Halpern and others “A global map 
of human impact on marine ecosystems” (2008) 319(5865) 
Science 948; Sarah Teck and others “Using expert judgment 
to estimate marine ecosystem vulnerability in the California 
Current” (2010) 20(5) Ecol Appl 1402). 

The interactions between multiple stressors are the 
greatest source of uncertainty for CE management. An 
increasing number of experiments are assessing the 
effects of multiple stressors on ecosystem components, 
which helps fill knowledge gaps. Most assessments to 
date assume additive effects (for example Halpern et al 
2008; Natalie C Ban, Hussein M Alidina, and Jeff A Ardron 
“Cumulative impact mapping: Advances, relevance and 
limitations to marine management and conservation, using 
Canada’s Pacific waters as a case study” (2010) 34(5) Mar 
Policy 876). However, an increasing number of studies are 
reporting synergistic effects between stressors, resulting 
in effects that are greater than the sum of individual 
stressors (for example Caitlin M Crain, Kristy Kroeker, and 
Benjamin S Halpern “Interactive and cumulative effects of 
multiple human stressors in marine systems” (2008) 11(12) 
Ecol Lett 1304; R Przeslawski, M Byrne, and C Mellin “A 
review and meta-analysis of the effects of multiple abiotic 
stressors on marine embryos and larvae” (2015) 21 Glob 
Chang Biol 2122). There is also a lack of information about 
what happens to a system when stressors are removed 
(for example Heida L Diefenderfer and others “Evidence-
based evaluation of the cumulative effects of ecosystem 
restoration” (2016) 7(3) Ecosphere), a key gap in restoration 
decision making (Isabelle M Côté, Emily S Darling, and 
Christopher J Brown “Interactions among ecosystem 
stressors and their importance in conservation” (2016) 
283(1824) Proceeding from the Royal Society B).

Continued
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Defining and agreeing on terms is often not included in 
decision-making processes (Janet M Carey and Mark A 
Burgman “Linguistic uncertainty in qualitative risk analysis 
and how to minimize it” (2008) 1128 Ann N Y Acad Sci 
13. This is particularly true for CE where terms are not well 
defined (Melissa M Foley and others “The challenges and 
opportunities in cumulative effects assessment” (2016) 62 
Environ Impact Assess Rev 122), including the definition 
of “cumulative effect” itself (Peter N Duinker and others 
“Scientific dimensions of cumulative effects assessment: 
toward improvements in guidance for practice” (2013) 21 
Environ Rev 40). Additional terms that are seldom defined 
include baseline, significance, and scale (Erin E Prahler 
and others “It all adds up: enhancing ocean health by 
improving cumulative impacts analyses in environmental 
review documents” (2014) 33 Stanf Environ Law J 351), as 
well as the definitions of how stressors interact (Côté et al 
2016). If these terms are defined, they tend to be defined 
in legal rather than scientific terms (Foley et al 2016), which 
can introduce another source of linguistic uncertainty to 
the process. Defining problem statements and identifying 
a vision or goals can also be sources of linguistic 
uncertainty, which in participatory processes can interact 
with “ambiguity” as multiple perspectives and knowledges 
are brought together (Petra Döll and Patricia Romero-
Lankao “How to embrace uncertainty in participatory 
climate change risk management—a roadmap” (2017) 5(1) 
Earth’s Future 18 ). 

UNPACKING UNCERTAINTY IN CUMULATIVE 
EFFECTS MANAGEMENT IN AOTEAROA NZ

Through extensive interviews and workshops with stakeholders 
and practitioners (hereafter referred to as participants) 
in Aotearoa NZ as part of the Sustainable Seas National 
Science Challenge <https://sustainableseaschallenge.
co.nz/programmes/our-seas/navigating-implementation-
impasse> (see Roa Petra Crease and others, “How can 
collaboration improve cumulative effects management 
practices?”, this issue, for details), we explored the sources 
of uncertainty and the implications of those uncertainties 
for CE management. Overall, the terms “uncertainty” and 
“lack of knowledge” were referenced more than any other 
phrases during these interactions; they were viewed as two 
of the major obstacles to progressing CE management in  
Aotearoa NZ. 

With regards to uncertainty created by limited knowledge 
and natural variability, participants highlighted the need 

to define and manage expectations around uncertainty 
so the bar of required knowledge does not constantly 
move upwards. Participants acknowledged that additional 
relevant knowledge would always be desirable, but not 
always necessary to achieve successful management. 
Identifying who decides what level of uncertainty is 
acceptable was also a topic of discussion; participants 
recognised the uncertainty bottom line could be different 
when viewed through a scientific, political, or social lens. 
Understanding natural variability, as well as the vulnerability 
of different habitats to stressors were two specific areas 
identified where additional information is needed. Moving 
forward with relevant available information provides an 
opportunity to assess uncertainty and identify gaps in 
knowledge and the effects of those gaps on successful 
management. Workshop and interview participants 
commented that decision support tools, such as SeaSketch 
(<www.seasketch.org>) could be used to identify gaps in 
knowledge and sources of uncertainty in Aotearoa NZ.

To address ambiguity around data in general, participants 
identified the need for a strategic, coordinated data 
collection effort that would allow data from different regions 
and entities to be compared. The National Environmental 
Monitoring Standards (NEMS) Initiative is an existing effort 
that is developing monitoring standards for a range of 
environments to ensure consistency in data collection and 
processing across Aotearoa NZ (<www.nems.org.nz>). 
Adhering to NEMS is not required, however, and standards 
are still being developed for key data sources, such as 
marine water quality. 

The Aotearoa Cumulative Effects (ACE) framework is a tool 
that can guide collaborative, participatory CE management 
(for details see Roa Petra Crease and others, “How can 
collaboration improve cumulative effects management 
practices?”, this issue). One of the steps of the framework 
is defining vision and goals. ACE prompts participants to 
identify who should be involved in defining these elements 
and invites them to transparently discuss issues of ambiguity 
and linguistic uncertainty. In testing the ACE framework, 
these topics were discussed at length. Participants insisted 
that a collaborative agreement be created with clearly 
defined terms, including roles, responsibilities, governance 
structures, and rules of engagement. There was also a 
desire to identify sources of uncertainty in governance 
arrangements and existing policies. Participants expressed 
concern that uncertainty reinforces entrenched perspectives, 
and results in decision-making paralysis and perpetuation 

of the status quo. Incorporating Māori knowledge and 
values into the structure of CE management is also critical 
to success in Aotearoa NZ. While incorporating multiple 
knowledge systems can introduce both ambiguity and 
linguistic uncertainty, it also allows for additional lines of 
evidence to be used and can create opportunities for social 
learning across traditional boundaries (see Andrew Allison 
and others “Knowledge and information needed to inform 
cumulative effects management in Aotearoa New Zealand”, 
this issue, for more details). 

TOOLS TO ADDRESS UNCERTAINTY

As awareness about how uncertainty affects management 
outcomes increases, diverse strategies are being developed 
to account for uncertainty in decision making and CE 
assessments. The ACE Framework poses a series of 
questions that can help a collaborative group to identify 
where uncertainty exists throughout the CE management 
process (Crease et al, this issue). The “context” portion of 
the ACE Framework is expanded in Figure 1 (p 26), which 
highlights the various types of uncertainty related to CE, 
where they occur in decision making, when caution should 
be used, and tools that can be used to assess or reduce 
uncertainty. 

Firstly, the ACE framework suggests development of a 
conceptual model of your system or decision-making process, 
and identification of the sources and degree of uncertainty 
and the likely risk they carry. Qualitatively assessing the 
degree of uncertainty can be done using published literature 
or expert judgment (Harwood & Stokes 2003; Miriam O and 
others “An Ecological Risk Assessment Framework (ERAF) 
for Ecosystem-based Oceans Management in the Pacific 
Region” (2015) 2014/072 Department of Fisheries and 
Oceans, Can Sci Advis Sec Res Doc 59 p; Bell et al 2017; 
Willow Battista and others “Comprehensive assessment 
of risk to ecosystems (CARE): A cumulative ecosystem risk 
assessment tool” (2017) 185 Fish Res 115). For example, 
a framework by Bell and others (Michael D Bell and others 
“A framework to quantify the strength of ecological links 
between an environmental stressor and final ecosystem 
services” (2017) 8(5) Ecosphere) was developed to quantify 
the link between environmental stressors and ecosystem 
services and human welfare. Uncertainty in the components 
of the framework was qualitatively assigned to each linkage 
based on the strength of the science (Bell et al 2017). 

Secondly, the ACE framework suggests assessment of which 
stressors or combination of stressors have the highest risk 

of causing harm (Rolf D Vinebrooke and others “Impacts 
of multiple stressors on biodiversity and ecosystem 
functioning: The role of species co-tolerance” (2004) 
104(3) Oikos 451; Milner-Gulland & Shea 2017). Assessing 
the effects of multiple stressors on valued ecological 
components is a widely used approach in Canada to assess 
risk of harm (O et al 2015). Pathways of Effects (O et al 
2015) or Driver-Pressure-State-Impact-Response (DPSIR) 
models (Vanessa Stelzenmüller and others “A risk-based 
approach to cumulative effect assessments for marine 
management” (2018) 612 Sci Total Environ 1132) can also 
be used to assess the connections between stressors and 
ecosystem components. If the stressors with the highest 
risk of causing harm are also identified as sources of 
uncertainty (ie footprint of stressor or effect of stressor 
are unknown), or if knowledge about the response to 
interacting stressors is low, precaution should be exercised 
in making management decisions. 

Participants were interested in developing leading indicators 
of ecological health to reduce uncertainty associated with 
the effects of multiple stressors on the system. Leading 
indicators could reduce uncertainty if they are sensitive to 
known stressors and demonstrate change prior to other 
components that are less certain. These indicators could be 
developed for ecological, social, or economic components 
of the system (Christian Azar John Holmberg, and Kristian 
Lindgren “Socio-ecological indicators for sustainability” 
(1996) 18(2) Ecol Econ 89; Robert E Bowen and Cory 
Riley “Socio-economic indicators and integrated coastal 
management” (2003) 46(3-4) Ocean Coast Manage 299). 

Thirdly, the ACE frameworks highlights determination 
if the unknown can be known (Marc C Kennedy and 
others “New approaches to uncertainty analysis for use in 
aggregate and cumulative risk assessment of pesticides” 
(2015) 79 Food Chem Toxicol 54; Milner-Gulland & Shea 
2017). Is uncertainty due to system variability or lack of 
knowledge? If it is the latter, multiple sources of information 
and knowledge systems may fill the information gap 
(Diefenderfer et al 2016), including traditional ecological 
knowledge, local knowledge, and knowledge from other 
locations (eg, published data, models, expert judgment) 
(Chrystal S Mantyka-Pringle and others “Bridging science 
and traditional knowledge to assess cumulative impacts of 
stressors on ecosystem health” (2017) 102 Environ Int 125; 
see also Andrew Allison and others, this issue. 

Continued
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Fourthly, the ACE framework directs users to evaluate if 
additional information is likely to change the outcome of 
management actions (Stefano Canessa and others “When 
do we need more data? A primer on calculating the 
value of information for applied ecologists” (2015) 6(10) 
Methods Ecol Evol 1219; Milner-Gulland & Shea 2017). 
If there is significant uncertainty around a stressor that is 
likely to have a large effect on the ecosystem, the value 
of collecting additional information is high (Canessa et al 
2015) and delaying management action will likely result in 
better outcomes. In many cases, however, collecting more 
information may be more costly than proceeding with 
interim management actions that can be adapted as new 
knowledge is generated.

Finally, after assessing the degree of uncertainty and the 
resulting risk to ecosystems and management outcomes, 
decision makers should proceed with a formal analysis of 
the robustness of management decisions and strategies to 
uncertainty. This analysis is necessary for determining how 
uncertainty could alter management outcomes (Donald 
Ludwig and others ”Uncertainty, resource exploitation, and 
conservation: lessons from history” (1993) 260(5104) Science 

17, Ana Nuno, Nils Bunnefeld, and EJ Milner-Gulland 
“Managing social–ecological systems under uncertainty: 
implementation in the real world” (2014) 19(2) Ecol Soc) 
and/or identifying when applying the precautionary 
principle is the best course of action to maintain ecosystem 
resilience (Harwood & Stokes 2003). Participants embraced 
the use of the precautionary principle when uncertainty is 
high, but they were concerned that it would reduce the 
urgency of addressing the problem. 

There are a growing number of tools being developed 
to assess how and what types of uncertainty are likely to 
affect management outcomes. Examples include Bayesian 
belief networks (Mantyka-Pringle et al 2017) and models 
(ML Schmelter, SO Erwin, and PR Wilcock “Accounting for 
uncertainty in cumulative sediment transport using Bayesian 
statistics” (2012) 175 Geomorphology 1), management 
strategy evaluation (Nuno et al 2014), sensitivity analyses 
(Stephen G Perz and others “Evaluating ecological 
resilience with global sensitivity and uncertainty analysis” 
(2013) 263 Ecol Model 174; Stock & Micheli 2016), and 
Monte Carlo simulations (Stelzenmüller et al 2018). These 
tools can be used to rank management decisions based 

on the likelihood that the intended results will be achieved 
given existing uncertainty. Transparently assessing 
uncertainty is necessary for successfully implementing CE 
management, ecosystem-based management, adaptive 
management principles (CS Holling “Resilience and 
stability of ecological systems” (1973) 4(1) Annu Rev Ecol 
Syst 1), and the precautionary approach. 

CONCLUSION

The only certainty in resource management and decision 
making, is uncertainty. CE management has failed to 
move forward in many jurisdictions around the world 
because of uncertainty. Understanding how ecological, 
social, and economic systems respond to change are 
major challenges, but they must be acknowledged and 
incorporated into the decision-making process in order to 
effectively manage CE. Assessing the sources of limited 
knowledge, natural variability, ambiguity in objectives, 

and linguistic uncertainty can help us understand the 
risks those uncertainties pose to successfully managing 
systems and provide pathways for moving forward. An 
emerging range of tools is available to find strategies 
for incorporating uncertainty into management which 
need to be trialled and incorporated into collaborative 
processes. We need to accept both that expending time 
and money in gaining more knowledge will not always be 
necessary, but that sometimes more knowledge is needed 
to create a successful outcome (or even to prevent a 
disaster). Regardless, our management of CE must be 
flexible enough to adapt if more knowledge is presented, 
reducing uncertainty in key areas and demonstrating 
changes to likelihood of successful management. 

O

 Figure 1: Steps for evaluating uncertainty and approaches and tools that can help assess its importance in cumulative effects 
management.
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INTRODUCTION

The Aotearoa Cumulative Effects (ACE) framework was 
developed to bring together the diverse themes required 
for effective cumulative effects (CE) management (Figure 1). 
Several of these key themes are individually detailed in 
papers included in this special issue. Here, we demonstrate 
how these key themes can be brought together through a 
collaborative process using the ACE framework, and how this 
effort can produce improved CE management outcomes. 

Many issues confound CE management in coastal and marine 
systems operating across various spatial and temporal 
scales. To address CE in marine environments, support for 
implementation, coordination, and collaboration across all 
levels of government is needed (Randall Bess “Maintaining 
a balance between resource utilisation and protection of 
the marine environment in New Zealand” (2010) 34 Mar 
Policy 690); however, the fragmented approach to CE 
management in Aotearoa New Zealand (Aotearoa NZ) 
makes consideration of multi-scale interactions challenging. 
This fragmentation is found globally; the scale at which 
management operates is often not aligned with the scale 
at which a problem occurs (Angela Guerrero and others 
“Scale mismatches, conservation planning, and the value 
of social network analysis” (2013) 27 Conserv Biol 35). In 
addition, often short-term decision making, enhanced by 
the relatively short timeframe of political cycles, hinders the 
formation and implementation of long-term management 

plans (Rebecca Weeks and others “Ten things to get right 
for marine conservation planning in the Coral Triangle” 
(2015) 3:91 F1000 Research).

There is a general recognition that collaboration between key 
institutes and stakeholders is required to develop successful 
CE governance and management (Carolyn Lundquist 
and others “Science and societal partnerships to address 
cumulative impacts” (2016) 3 Front Mar Sci), but there is a 
lack of discussion of the aspirational or negotiated elements 
of the relationships between institutes and stakeholders 
that are needed to develop collaborative approaches to CE 
management. This article sets out to address this lack by:

(1) outlining key characteristics that can support or 
enhance collaborative CE management practices; and 

(2)  describing a framework (Figure 1) developed to 
facilitate collaboration on CE management across a 
range of scales. 

Authors:
Roa Petra Crease, Erena Le Heron,  
Karen Fisher and Kathryn Davies

How can collaboration 
improve cumulative effects 
management practices?

Continued
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Figure 1: The Aotearoa Cumulative Effects (ACE) framework can be used to facilitate collaboration on CE management 
across a range of scales and under existing legislation. ACE was developed from focus groups and interviews conducted 
with research partners and participants, a review of international literature, and with input from other research on CE and 
participatory processes conducted by the Challenge.

ENABLING COLLABORATION FOR CUMULATIVE 
EFFECTS MANAGEMENT IN AOTEAROA NZ

The findings described in this article have emerged from a 
research project funded by the Sustainable Seas National 
Science Challenge <https://sustainableseaschallenge.
co.nz/programmes/our-seas/navigating-implementation-
impasse> (the Challenge) that aimed to establish more 
cohesive and collaborative approaches to CE across a 
range of scales, institutions, and interests. Findings are 
primarily drawn from a collaborative workshop held on 
3 December 2018 in Wellington. Attendees included 58 
experts and future experts in CE governance, science, 

management and/or decision making from 24 different 
organisations (Table 1). 

Workshop participants used scenario planning techniques 
to test and then populate the ACE framework, a tool 
developed to facilitate collaboration on CE management 
across scales. Scenarios can provide an internally consistent 
way to think creatively about how we manage CE, explore 
alternatives, and discuss the implications of alternative 
futures for today’s decisions (Garry Peterson, Graeme 
Cumming, and Stephen Carpenter “Scenario planning: a 
tool for conservation in an uncertain world” (2003) 17(2) 
Conserv Biol 358).

Table 1: The 24 organisations represented at a 
collaborative CE workshop (3/12/2018).

Antarctica New Zealand

Aquaculture New Zealand

Bay of Plenty Regional Council Toi Moana

DairyNZ Ltd

Deepwater Group

Department of Conservation Te Papa Atawhai

Environmental Defence Society

Environmental Protection Agency Te Mana Rauhī Taiao

Environment Southland Te Taiao Tonga

Hawke’s Bay Regional Council

Manaaki Whenua Landcare Research

Ministry for the Environment Manatū Mō Te Taiao

Ministry for Primary Industries Manatū ahu Matua

National Institute of Water and Atmospheric Research 
Taihoro Nukurangi

Paua Industry Council Ltd

PF Olsen Ltd

Te Iwi o Ngātiwai

Te Ohu Kaimoana

The University of Auckland

The University of Waikato

Tutaiao Ltd

Victoria University of Wellington

Whetu Consultancy Group

World Wildlife Fund

To test the ACE framework, participants worked with a 
designated facilitator in groups of six to nine; groups were 
assigned to reflect a diversity of interests and expertise. 
Participants were presented with a fictitious scenario 
based on realistic Aotearoa NZ situations regarding how 
to incorporate CE into decision making with respect to 
both existing and new activities in the marine space. Four 
groups worked on scenarios that focused on managing CE 
in the Territorial Sea (from the coast to 12 nautical miles 
offshore), while three groups focused on managing CE in 
the Exclusive Economic Zone (from 12 to 200 nautical miles 

offshore). All groups came together in a plenary session to 
discuss overlaps and distinctions across groups/scales. 

After testing the ACE framework, participants were invited 
to self-select groups for the second breakout session, 
which focused on either: 

(1) developing an initial suite of principles for CE 
management (see Kathryn Davies and others “Principles 
for cumulative effects management in Aotearoa New 
Zealand”, this issue); 

(2)  establishing what knowledge and information was 
needed to address CE (see Andrew Allison and others 
“Knowledge and information needed to inform 
cumulative effects management in Aotearoa New 
Zealand”, this issue); or 

(3)  outlining key characteristics that can support or 
enhance collaborative CE management practices. 

The findings from the workshop regarding collaboration 
are described in the subsections that follow. These findings 
are also supported by data from focus groups, literature 
reviews, and previous work on CE management in 
Aotearoa NZ (see Kathryn Davies and others “Navigating 
collaborative networks and cumulative effects for 
Sustainable Seas” (2018) 83 Environ Sci Policy 22).

Leadership across scales and political cycles 

Leadership is needed to progress cross-scale work on CE 
management; in particular, leadership across scales and 
institutions is crucial to developing and implementing 
collaborative agreements and associated collective actions 
(Kathryn Davies and others “Trans-Tasman Cumulative 
Effects Management: A Comparative Study”, Frontiers in 
Marine Science) (forthcoming). Institutional and individual 
leadership is also critical to ensure that processes and 
protocols are followed; for example, to ensure that data 
is collected to evaluate CE and determine if tipping points 
have occurred. Leadership is further required to overcome 
institutional barriers and ensure that this information is 
communicated and used to drive further action through 
either institutional practice to reduce stressors, or the 
development of new statutory regulations to prevent 
further harm. Collaborating across scales can support 
both institutional and individual leaders to streamline 

Continued
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CE management processes and information sharing. 
Short-term political cycles were commonly described by 
participants as a significant barrier to implementing this 
kind of leadership. 

Diverse and inclusive representation across scales 
and interests 

Diverse representation across scales and interests 
is needed to progress equitable approaches to CE 
management in Aotearoa NZ. Effective collaborations to 
address CE management should uphold Treaty partnership 
principles, be inclusive of human and non-human actors, 
and acknowledge intergenerational considerations. The 
incorporation of multiple worldviews and knowledge 
systems through collaboration can provide a way for 
disparate groups to learn from one another, negotiate 
their interests, and develop common values (Erena Le 
Heron and others “Diversity, contestation, participation 
in Aotearoa New Zealand’s multi-use/user marine spaces” 
(2019) 106 Mar Policy 103536). The inclusion of multiple 
knowledge systems is also needed to ensure that the “best 
available” or “most relevant” information is included in CE 
management processes (see Andrew Allison and others, 
this issue). However, while there is an urgent need to 
mobilise diverse actors across scales, interests, institutions 
and cultures, and promote collective actions to improve 
CE management, research participants acknowledged 
that not all actors have the capacity to collaborate 
extensively on CE management. To ensure collaboration 
is inclusive and representative across scales, participants 
suggested a range of options, including possibilities such 
as incentivising participation, building capacity for over-
burdened or resource-poor communities to participate, 
and conducting a stakeholder analysis to ensure that all 
interests were invited to participate. 

Clarity of vision and collective purpose

A clear and unifying vision and collective sense of purpose 
is required to implement improved CE management 
practices. The development of a clear, unifying vision for CE 
management that appeals to disparate interest groups and 
actors across scales is critical to the achievement of collective 
action on CE. Collective narratives about CE management 
and governance connect disparate interests across scales 
and interests. Identification of a uniting feature or notable 
value that is impacted by CE can help to mobilise leadership 
and generate action, but when no specific value or entity 

is clearly threatened, CE can lead to gradual change and 
shifting baselines in terms of environmental quality over 
time. In these cases, it can be challenging to develop 
comprehensive and effective approaches to address CE. 
Participants pointed out that the identification of locally or 
regionally valued ecosystems and related social and cultural 
practices, through collaborative processes, may help to 
promote this proactive agenda setting.

Authority to act 

Collaborators must have the authority to act within 
existing legislative, institutional and political boundaries, 
or the capacity to establish new boundaries. This authority 
must be tempered by accountability, transparency and 
accessibility (of decision makers to others). Participants 
lamented that fragmented management and governance 
regimes made it difficult to coordinate a CE mandate 
that can operate across scales. In addition, implementer 
expertise (local/regional) is often incongruous with 
guidance from higher scales (state/national). Although 
challenging, these disconnects can largely be overcome 
through the establishment of dedicated and enduring 
collaborative efforts. Ensuring that those involved in 
collaborative CE management have the authority to make 
decisions is important for overcoming existing legislative, 
institutional and political barriers. Some participants also 
emphasised that managing for CE should be able to trump 
other processes – but then accountability for decision 
making becomes crucial. 

Governance strategies suggested by participants included 
clear yet flexible plans that could adapt to varying conditions 
and values, in conjunction with a coherent governance 
structure to help accelerate decision-making processes. 
Participants also emphasised the need for transparency to 
enable connections and support collaborative, cross-scale 
information sharing and collectively agreed upon actions. 

Focus on developing reciprocal, respectful 
relationships

Reciprocal, respectful relationships must be prioritised 
for a CE management collaboration to be effective in 
the long term. Participants described collaboration 
on CE management as a long-term commitment that 
involves a core group of participants who need to build 
trust as a foundation for effective collaboration to occur. 
Participants indicated that a collaborative agreement 
to guide work on CE management would be invaluable, 

but that developing this agreement would be a political, 
negotiated, participatory undertaking. Processes that 
prioritise consensus-building and respect for protocols 
could support this work. The development of terms of 
reference that outline roles, responsibilities, relationships, 
governance structures and rules of engagement were 
also described as critical to establishing appropriate 
collaborative efforts on CE management. Likewise, a need 
for clear lines of reporting, accountability, transparency 
and accessibility were expressed. The suggestions made 
by participants largely align with work elsewhere which 
indicates that collaborative initiatives should promote 
processes that encourage openness, experimentation, 
trust-building and work towards consensus. These efforts 
take time and often involve high levels of uncertainty 
and risk (John Forester “On the theory and practice of 
critical pragmatism: Deliberative practice and creative 
negotiations” (2013) 12 Plan Theory 5).

Principles-based approaches to CE built into 
processes and agreements 

Diversity of contexts and challenges requires general 
CE principles to work to, rather than specific how-to 
guides. The complex nature of CE highlights the need 
to deal with uncertainty across varying contexts. A suite 
of CE management principles could help to navigate this 
uncertainty while also maintaining some consistency across 
scales. Mātauranga Māori has a crucial role in establishing 
CE management context, and the concept of “ki uta ki tai” 
(mountain to sea) connects knowledge, values, and actions 
across scales, disciplines, and cultures (David Schiel and 
Clive Howard-Williams “Controlling inputs from the land 
to sea: limit-setting, cumulative impacts and ‘ki uta ki tai’” 
(2015) 67 Marine and Freshwater Research 57) .

Principles-based approaches to CE management provide 
critical guidance when built into collaborative processes/
agreements. For details on the CE management principles 
developed from this research, please see Kathryn Davies 
and others “Principles for cumulative effects management 
in Aotearoa New Zealand”, this issue. These principles 
will be a valuable reference in future development of 
processes. They also align with other principles work 
developed within the Challenge, especially the suite of 
principles for collaborative practices (Erena Le Heron 
and others “It’s not a recipe … but there are ingredients: 
Navigating negotiated change through participatory 
processes in multi-use/r marine spaces” (2019) 213 

Planning Quarterly 32) and the proposed principles for 
ecosystem-based management (Judi Hewitt and others 
“Proposed ecosystem-based management principles for 
New Zealand” (November 2018 RMJ 10)).

Resources, funding, and support needed to deliver 
long-term 

The on-going provision of resources, funding, and other 
forms of support are needed to deliver improved CE 
management practices in the long term; these should 
be identified early on and updated often. Access to 
continuous resourcing and support of diverse participation 
and membership within interagency and transdisciplinary 
working groups can help to ensure that CE management 
processes extend beyond short term (generally three-
year) political cycles and can help to maintain CE 
management independently of political priorities and 
campaign promises. Administrative and facilitation 
support are particularly crucial to well-run collaborative 
processes (Kathryn Davies and others “The evolution of 
Marine Protected Area Planning in Aotearoa New Zealand: 
reflections on participation and process” (2018) 93 Mar 
Policy 113), but can be perceived as unattractive to funders 
because they are not directly connected with innovation. 

The relatively short timescales of governance structures 
are not conducive to the development of effective 
collaborative agreements. Accordingly, participants 
overwhelmingly emphasised the need for more time; 
time is required to build trust, negotiate actions and 
develop new ways of working together (Rachel Eberhard 
and others “A collaborative approach to address the 
cumulative impacts of mine-water discharge: Negotiating 
a cross-sectoral waterway partnership in the Bowen Basin, 
Australia” (2013) 38 Resources Policy 678). In order to 
de-politicise the process of CE, participants agreed that 
ideally collaborative agreements need to sit outside of 
political cycles. 

THE AOTEAROA CUMULATIVE EFFECTS 
FRAMEWORK 

The ACE framework can be used to facilitate collaboration 
on CE management across a range of scales and under 
existing legislation (Figure 1). Key characteristics of ACE 
include:

Continued
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• a cross-scale framework for CE management;

• identifying goals, information needed, parameters – 
especially within existing legislative frameworks; 

• supporting precautionary decision making; and

• providing a structure to help manage surprise. 

Note that ACE does not outline how to do a CE assessment. 
This is because there is not yet clarity around what would 
be assessed or against what standards. Instead, ACE can 
lay the foundations needed to clarify how to conduct a 
CE assessment by establishing the objectives, conditions, 
boundaries and key players.

ACE is designed to be used in an iterative, cyclical manner. 
For example, after collectively answering the questions in 
the framework, identified actions should be checked to 
make sure that they align with the original vision and goals. 
Although the questions are applicable across all scales, the 
answers to the questions are likely to change depending on 
context. Where answers do not align across scales, steps 
should be taken to negotiate management resolutions 
based on the overarching CE management principles 
(Kathryn Davies and others “Principles for cumulative 
effects management in Aotearoa New Zealand”, this issue). 

Research partners and participants who tested the ACE 
framework using purpose-built scenarios found that the 
framework could be used to establish a collective set of 

CE management visions and goals that could operate 
across scales, but noted that the process must be inclusive, 
collaborative, transparent and iterative. ACE could also 
be used to establish the context needed to manage CE 
across scales but must incorporate multiple knowledge 
systems and the “best available” or rather “most relevant” 
information. Using ACE, participants identified possibility 
spaces associated with CE and highlighted the need for 
contextualised, system-based, coordinated and adaptive 
principles-based approaches. Finally, participants felt that 
ACE may support the implementation of CE management 
across scales, but this would benefit from a collective 
narrative about CE management and governance that could 
connect disparate interests across scales and interests. 

RECOMMENDED NEXT STEPS 

In general, the findings from this research indicate that 
collaborative approaches can improve the implementation 
and practice of CE management in Aotearoa NZ, but this 
undertaking will require decision makers, practitioners, iwi/
Māori and stakeholders to undertake a series of steps to 
support these efforts (Figure 2). 

These recommendations closely align with the findings 
of the Environment Aotearoa 2019 report. We hope 
that this work provides a clear path towards improved 
CE management processes in Aotearoa NZ through the 
adoption of more collaborative approaches. 

Figure 2: A summary of the steps recommended to support collaborative approaches to CE management.
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