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1 Introduction

It is not so much that humanity is trying to sustain the natural world, but rather that
humanity is trying to sustain itself. It is us that will have to ‘go’ unless we can put
the world around us in reasonable order. The precariousness of nature is our peril,
our fragility.

(Sen, 2013: 6, emphasis in original)

Rather than only a global effort, it would be better to self-consciously adopt a
polycentric approach to the problem of climate change in order to gain the benefits
to multiple scales as well as to encourage experimentation and learning from
diverse policies adopted at multiple scales.

(Ostrom, 2009a: 32)

Humanity has lived through an age of acceleration since the mid-twentieth

century. Natural resource overconsumption, spiralling greenhouse gas emis-

sions that have yet to peak, loss of biodiversity, ocean acidification, and

population growth have moved Planet Earth to the edge of a precipice.

According to the World Meteorological Organization (WMO, 2023), July

2023 has been the hottest month on record globally, with sea ice at an all-time

low and ocean surface temperature at an unprecedented high. Yet, with green-

house gas concentrations in the atmosphere still increasing, temperature records

will continue to be broken. Extreme weather events are becoming the norm.

Globalization has amplified the connectivity of social systems and ecosystems

and has exposed the sensitivity and vulnerability of the socio-ecological Earth

system.1 If unmanaged, this will lead to irreversible destruction of the planet’s

habitat.

The Covid-19 pandemic triggered ‘the largest global economic crisis in more

than a century’ (World Bank, 2022: 26). Along with the social and political

disruptions it has caused, the pandemic has thrown a spanner into the wheels of

globalization and peoples’ way of life. The worsening climate crisis makes

future global health emergencies (Disease X) inevitable. While governments

have been able to manage the symptoms of Covid-19, its underlying causes

remain. To pretend there is a way back to the pre-pandemic normal is as

irresponsible as insisting that Planet Earth is a crowded cruise ship with no

steering wheel that is doomed to wreck. However, the interconnected climate

and pandemic crises have laid bare the short- and long-term pressures on lives

and livelihoods. According to a recent landmark study, humanity would need

1.6 Earths to maintain current global living standards (Dasgupta, 2021).

1 Sensitivity is defined as the mutual effects arising from system connectivity. Vulnerability denotes
the opportunity costs of disrupting system connectivity.

1Building Capabilities for Earth System Governance
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Like a telescope, the interconnected climate and pandemic crises have high-

lighted the increased demands on government and governance, at the precise

moment when state capacity to deliver essential services has shrunk (National

Intelligence Council, 2021). Strategy and statecraft to win the war against

deadly viruses and climate emergencies must struggle with an enemy that

causes havoc in multiple arenas of hyperconnected socio-ecological systems

simultaneously (Goh and Prantl, 2020). How can humanity sustain itself, save

itself from its worst excesses, and pull away from the precipice of climate

catastrophe? Are these simply questions of global governance and political

will, top-down policy design, and science and technological innovations pro-

vided by a small group of countries with the capability to do so? Or does this

generational task require a more transformative change in thinking, a paradigm

shift that opens space for polycentric approaches and greater diversity in

addressing the most fundamental problems of the twenty-first century?

1.1 Aims and Objectives

This Element develops a new Strategic Capabilities Framework (SCF) for

studying and steering complex socio-ecological systems. It is driven by the

central research question of what are the most essential capabilities that ought to

be fostered for addressing the fundamental twenty-first century environmental

challenges and Earth system transformations. Our primary objective is to

innovate transformative ideas towards better climate and ocean governance

that is of interest to both academics and policymakers in the field. Rather than

investigating the design and effectiveness of institutions in governing the

climate and the oceans, we offer an alternative approach starting from the

assumption that global governance arrangements must embrace polycentricity

and be informed by the capabilities of the communities affected.

In this context, the rich body of literature on ‘capabilities’ (e.g. Alkire, 2002,

2005; Nussbaum, 2000; Sen, 1985, 1988, 1999, 2005, 2009; Stewart, 2005;

Tonon, 2018) is both an inspiration and a reminder that the enhancement of both

individual and collective living conditions ought to be at the centre of govern-

ance processes and practices.2 Underlying the capabilities approach are the

2 Garza-Vázquez and Deneulin (2018) provide a very helpful overview of the ongoing discussion
of individual versus collective capabilities. We appreciate the importance of the capability
approach as an evaluation framework that focuses on individual circumstances. However, as
Mary Graham (1999: 106) has observed, ‘a person finds their individuality within the group’. In
this Element, we depart from the ethical individualism of the capabilities approach that values
communities and systems only for the capabilities they provide for individuals but not for their
own functioning (Holland, 2008a, 2014). The Strategic Capabilities Framework generates
explanatory leverage for Earth system governance to better understand how to generate well-
being beyond an individualistic and anthropocentric perspective. Nature and people, humans and

2 Earth System Governance
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multiple combinations of functionings that provide people (rather than markets

or governments) with the agency and freedom of choice to live one way of life

over another. Functionings are the items and social opportunities a person may

value and have reason to value doing or being. In this context, Indigenous and

Local Knowledge Systems (ILKS) provide a missing link to rebuild synergies

between the well-being of people and the conservation of complex ecosystems

(Lam et al., 2020; Watene, 2016). Over thousands of years, Indigenous commu-

nities have developed ways and means to embrace complexity, operating on the

principle that, in order to survive, one can only consume as many resources as

the natural world can sustain. Intergenerational responsibilities and justice

matter too (Watene, 2013; Winter, 2022). The next generation must have

equal access and equal rights to use natural resources (UNDP, 2020: 92).

Human development is conceptually founded on capabilities, revolving

around the central objective of expanding people’s choices and improving

their well-being. Since 1990, the Human Development Report has represented

the most sustained effort in translating the idea of capabilities – particularly the

Human Development Index (HDI)3 – into tangible policy recommendations.

The HDI departed from the idea that economic growth should be the primary

criterion to measure the development of a country. Bhutan, for example,

enshrined in its 2008 Constitution Gross National Happiness (GNH) (rather

than Gross Domestic Product) as a key driving principle of state policy (Gross

National Happiness Commission, 2009).4 The question of what constitutes and

contributes to human development and well-being has become critically

important in the age of the Anthropocene (Crutzen, 2002), as the unfolding

climate and pandemic crises force us to rethink our way of life. This requires

nothing less than a more integrated socio-ecological systems perspective on

sustainable development: human development and ecosystem preservation

targets are separable but not separate (Reyers et al., 2018).

The onset of the Anthropocene demands appreciation of, and analytical

engagement with, the multiple linkages that arise from the unprecedented

connectivity of socio-ecological systems (Young, 2017). Operating within

planetary boundaries that must not be transgressed has become a critical

challenge (Rockström et al., 2009a, 2009b; Steffen et al., 2015). Crossing

non-humans, are interdependent socio-ecological systems that form a collective; nature is not
simply a resource humans can exploit to generate individual well-being. See Section 2.

3 The HDI measures the average achievement in three core dimensions of human development: a
long and healthy life, being knowledgeable, and having a decent standard of living.

4 The GNH index emphasizes the importance of traditions and connection to nature. It rests on four
foundational pillars: sustainable and equitable socio-economic development; environmental
conservation; preservation and promotion of culture; and good governance (Gross National
Health Commission, 2009: 18).

3Building Capabilities for Earth System Governance
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tipping points that – once triggered – lead to irreversible and far-reaching

consequences for the Earth system (Lenton et al., 2008) must be avoided. On

the one hand, this requires techniques and mechanisms that can be deployed

when the complex system reaches a critical threshold. On the other hand, this

also requires rethinking the foundations and paradigms upon which our Earth

system governance arrangements are based. Engaging with the economic,

political, and social foundations of societies is crucial to achieve the objectives

of climate change mitigation, adaptation, and resilience (Inoue and Franchini,

2020; Pereira and Viola, 2022; Viola and Franchini, 2018). Critical engagement

with the ‘rational foolishness’ of behavioural economics constitutes part and

parcel of this exercise (Sen, 1977). Global agreement on a foundational sustain-

ability Grundnorm that helps to guide sustainable development policies and

practices is a necessary step in this direction (Young et al., 2017: 65–70).

In sum, the aim of this Element is to offer out-of-the-box thinking about

capabilities-focused and community-centred frameworks that realign the multi-

level systems of governance with the fundamental challenges of global envir-

onmental change:

1. We connect the complexity, diplomacy, strategic studies, climate, and ocean

research agendas and bodies of literature.

2. We combine approaches that seem to be diametrically opposed in their

objectives: that is, the calls for (a) the recovery of ILKS on how to build

different relationships to nature, and (b) the development of advanced

science and technology to manipulate Earth’s climate.

3. We apply our analytical framework to the climate and the ocean across all

levels of analysis.

Shifting the attention towards capabilities enables us to study how global

governance – understood as the processes and practices of social groups and

institutions, both formal and informal, to address public policy problems at

multiple levels – can produce better global public goods to enhance living

conditions.

1.2 The Argument

In this Element, we argue that the enhancement of individual and collective

living conditions within planetary boundaries needs to be at the centre of

governance processes and practices. We depart from the individualist approach

to capabilities and advocate for a systems and communities approach at the

interface of individualism, collective understandings of capabilities, and

Indigenous knowledges (Holland, 2008a; Schlosberg and Carruthers, 2010).

4 Earth System Governance
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At the same time, global governance encompasses not just one, but many worlds

and multiple species encountered at the global, regional, and domestic levels

(Celermajer et al., 2023; Hurrell, 2007; Inoue, 2018; Inoue and Moreira, 2016).

Consequently, Earth system governance must be polycentric (Ostrom, 2009b,

2010) and adaptive (Dietz et al., 2003; Folke et al., 2005).

We substantiate our argument by reconceptualizing ‘capabilities’, intro-

ducing two entry points, technology and ILKS, that provide potential levers

to enhance individual and collective living conditions. While the oppor-

tunities for harnessing scientific and technological innovations such as

artificial intelligence (AI) are obvious, so are the risks. The world’s most

pressing environmental challenges will not be met without an enabling

environment that helps AI fulfil its potential while mitigating the risks

(World Economic Forum, 2018). Questions that need to be addressed

include the following:

▪ What is the specific purpose of, and justification for, developing AI capabil-

ities in addressing Earth’s environmental challenges?

▪ What governance frameworks will regulate the deployment of new

technologies?

▪ Who will have access to, and benefit from, innovations and inventions?

None of these questions can be answered sufficiently without probing the

paradigms driving the age of acceleration (Biermann, 2021), for example the

unsustainable dichotomy between the human sphere and the ecosphere. Human

and non-human survival cannot be pursued separately but ought to be part and

parcel of Earth system maintenance. Looked at from a capability perspective,

despite declining poverty, rising economic growth, and significantly improved

living standards over the last thirty years, globalization has not led to greater

satisfaction and well-being. In fact, the world has seen a surge in discontent and

anger (Mishra, 2017; OECD, 2021). Consequently, rather than attempting and

failing to go back to pre-Covid-19 business as usual, we need to answer the

following questions:

▪ What is the appropriate paradigm that will facilitate the survival and progress

of humanity?

▪ If it is not the pursuit of profit and economic growth, what capabilities

enhance the living conditions and the well-being of people?

▪ What are responsible and sustainable interventions in Earth systems under

unprecedented stress (Goh and Prantl, 2020)?

The Cochabamba Statement, proclaimed in April 2010 by more than 30,000

participants from over 100 countries of the World People’s Conference on

5Building Capabilities for Earth System Governance
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Climate Change and the Rights of Mother Earth, has recognized Planet Earth as

a living being with inalienable rights that must be respected and protected.5 As

Winter (2022: 190) has observed, as a bearer of rights and dignity, Planet Earth

bears subjectivity that ‘assigns responsibilities to respect the freedom and

interests of the subject’. Human beings are only one node within an extremely

complex and interdependent socio-ecological system.

Furthermore, the Cochabamba Statement has called for the recovery and

revalorization of ILKS and practices. The ILKS across the globe are most

instructive in their mastery of navigating complex socio-ecological systems.

Three examples illustrate our point:

1. In New Zealand, the Māori notion of whakapapa denotes the deep connec-

tions amongst people and ecosystems, including all flora and fauna

(Brondizio et al., 2019). Well-being is inseparable from the natural world,

with all human beings, non-human animals, and the natural world sharing a

common past, present, and future (Watene, 2016: 292).

2. Indigenous communities in Australia emphasize their collective responsi-

bility to look after clan or family (‘the mob’). Well-being and development

are directly derived from both this relationship and the transmission of

knowledge and practice to the next generation. At the same time, ‘[t]he

Land is the Law’, and ‘the relation between people and land becomes the

template for society and social relations’ (Graham, 1999: 105–106).

Indigenous Australians have produced political order through a ‘relational-

ecological’ disposition which very much differs from the understandings of

political order and inter-polity relations of the academic discipline of

International Relations (Brigg et al., 2022).

3. In Indonesia, the cooperative management of centuries-old rice terraces in

Bali showcases how complex natural environments can be maintained in a

sustainable way and enhance the individual and collective well-being of

people (Lansing, 2006; Lansing and Cox, 2019). Water temples manage the

irrigation of rice terraces that extend beyond villages to entire watersheds.

Over hundreds of years, the cooperation of Balinese local farmers up-stream

and down-stream generated optimal harvests and preserved watersheds. The

farmers’ capability to navigate their complex natural environment in a

sustainable way exposed the limits of the 1960s Green Revolution aimed

at boosting agricultural production through fertilizers, pesticides, and

enhanced irrigation methods.

5 See Rights of Mother Earth, Proposal Universal Declaration of the Rights of Mother Earth,
https://pwccc.wordpress.com/programa/, accessed 1 July 2023.

6 Earth System Governance
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According to the UN Human Development Report (UNDP, 2020: 185)

[l]ocal nature-based solutions have the potential to contribute to transform-
ational change, even at the global level – for two reasons. First, many local
and community decisions can add up to substantial global impact. Second,
planetary and socioeconomic systems are interconnected, and local decisions
can have impacts elsewhere and at multiple scales.

Focusing our attention on the carbon sink capacity of the Amazon Basin is

particularly instructive here. By preserving the storage capacity of the Amazon

rainforest, on a per capita basis, Indigenous people roughly offset the green-

house gas emissions generated per capita by the top 1 per cent of the income

distribution (UNDP, 2020: 201). Indigenous peoples exercise stewardship of

nature by controlling deforestation, reducing carbon dioxide emissions, living

in sync with nature, and by instinctively understanding the root causes of

climate change. As Fa et al. (2020) estimate, approximately 36 per cent of the

world’s intact forest landscapes are on the lands of Indigenous peoples.

In sum, the comparative advantage of highly diverse ILKS spread around the

world is their capability to care for country and to navigate the complexities of

interconnected and interdependent socio-ecological systems. While techno-

logical advances provide enormous opportunities for much-needed Earth sys-

tem stress relief, Indigenous and local nature-based solutions provide as yet

untapped potential for paradigm shifts in how to protect biodiversity and pursue

a responsible and sustainable way of life.

1.3 Element Outline

Sections 2 and 3 outline the conceptual framework to study Earth system

governance. The SCF will be introduced examining complex problems from a

system perspective rather than discrete levels of analysis (domestic, regional,

global). However, our framework needs to be embedded in the long-standing

traditions and practices of local communities. Therefore, in a second step, the

importance of ILKS and knowledge co-production will be highlighted as part

and parcel of our capabilities framework.

Section 2 develops the SCF for Earth system governance, building on

Strategic Diplomacy (Goh and Prantl, 2017; Prantl, 2021; Prantl and Goh,

2016; Prantl and Goh, 2022). The section identifies two key, though very

different, entry or leverage points to advance capabilities in Earth system

governance: technology and ILKS.

Section 3 situates the idea of many worlds-one planet in relation to the SCF. It

highlights that co-production between ILKS and technology offers a critical

entry point to enhance the living conditions of people in the Anthropocene by

7Building Capabilities for Earth System Governance
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creating safe and sustainable spaces for humans and non-humans. Scholars have

framed different ways of being and knowing, constituting multiple realities that

stand ontologically as other worlds, even though they interact, conflict, and co-

constitute each other. Many worlds-one planet implies that human societies

create ‘worlds’ that entail diverse knowledge sub-systems and notions of nature.

Enhancing capabilities for governance in a complex and technologically driven

planet is more likely to succeed if diverse knowledge systems are not only

acknowledged in processes of co-production but also fully embraced with

epistemological parity. The voice and representation of the peoples inhabiting

those multiple worlds, like Indigenous and local communities, are key for

advancing Earth system governance processes that are legitimate, socially

just, and that promote ecological and economic sustainability.

Sections 4, 5, and 6 apply the SCF to two key issue areas of Earth system

governance: the climate and the ocean. While the technology and ILKS entry

points seem to be diametrically opposed in their approach and located at

opposite ends of the capabilities spectrum, they both offer critical insights for

the enhancement of individual and collective living conditions within planetary

boundaries. Taken together, the two sections allow us to engage in a conversa-

tion, establish maximum bandwidth of the respective arguments, and take stock

of the comparative advantages of the chosen entry points, which will be

synthesized in the concluding section.

Section 4 applies the capabilities framework to climate change, focusing on

the potential, limits, and risks of technologies designed to manipulate the

planet’s climate – commonly referred to as geoengineering, climate engineer-

ing, or climate intervention in coping with Earth system transformations. There

are two major families of climate engineering technologies: carbon dioxide

removal (CDR) and solar radiation management (SRM). Advocates of CDR

argue that it is necessary because of the slow pace of global carbon emission

reductions. Advocates of SRM contend that it will probably become necessary

in the second half of the twenty-first century as a complement to mitigation,

adaptation, and CDR. Building on the well-established climate engineering

literature in social science in general and global governance in particular, the

section uses the technology entry point to juxtapose explicitly the novel techno-

logical aspects of the climate engineering debates with ILKS claims and

insights.

Section 5 applies the capabilities framework to ocean governance. It focuses

on the role of the knowledge of coastal communities – Indigenous or non-

Indigenous – in addressing key problems of the oceans, in comparison with the

best available knowledge produced by the scientific community and

companies. Tapping into the traditional wisdom of coastal and island

8 Earth System Governance
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communities is key for coping with the rapid changes of Earth system trans-

formations. While local communities have proved their ability to use ocean

resources sustainably, they demand recognition of their rights in activities such

as fishing and navigation. Technology users, on the contrary, with high-tech

fishing gear, satellites, and bioprospectingmethods represent the biggest risks to

resource depletion and, in many ways, the solutions. Also, climate change

solutions may have irreversible impacts on ocean health. The mutual recogni-

tion of, and better connection between, those two groups of knowledge produ-

cers have been a challenge since the 1992 Rio Summit.

Section 6 synthesizes the findings of the Element in light of the SCF. It fleshes

out the connection between the very diverse knowledge systems of ‘technolo-

gies’ and ‘ILKS’ for better Earth system governance. The section offers steps

forward for both scholars and policymakers on building better analytical and

policy capabilities for addressing the twenty-first century’s fundamental envir-

onmental challenges and Earth system transformations.

This is a team-authored project which started off with a disagreement over the

critical capabilities required to master the challenges of earth system govern-

ance in the twenty-first century. The project is unusual, as we did not attempt to

arrive at a consensus. Nor did we attempt to produce an edited volume, which

would have allowed us to disengage, constructively, into our own sections.

Rather, this Element offers a platform for a much-needed exchange amongst a

diverse group of scholars from three different continents, with multiple voices

and perspectives, organized around and facilitated by the SCF. As a team, we are

searching for common ground across our contrasting views for better Earth

system governance. As such, the Element is – in the best Sen (1999, 2013)

tradition of letting people choose the capabilities they value – an invitation for

public debate and continued reflection by a much broader audience. This

Element claims to be more than the sum of its team-authored parts.

2 Re-aligning Systems, Institutions, and Communities

This section introduces a capabilities framework for Earth system governance.

It identifies two key entry or leverage points in advancing strategic capabilities:

technology and ILKS. In substantiating our framework, we build on central

properties of the innovative framework of Strategic Diplomacy (Goh and Prantl,

2017; Prantl, 2021; Prantl and Goh, 2016, 2022) and develop a SCF that

operates at the interstices of domestic, regional, and global politics. The SCF

helps to address the challenge of how to generate well-being beyond both an

anthropocentric perspective and an individualistic perspective (Watene, 2016;

Winter, 2022). The focus is on building collective capabilities of nature and

9Building Capabilities for Earth System Governance
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people, human and non-human, to navigate complex and interdependent socio-

ecological systems. In doing so, we do not attempt to arrive at a predetermined

list of capabilities that ought to be applied across the globe. Instead, following

Ostrom’s (2009a: 32) polycentric approach to climate change, we offer a

strategic framework that has enough traction to facilitate the development of

tailored capabilities at the domestic, regional, and global levels ‘to multiple

scales as well as to encourage experimentation and learning from diverse

policies adopted at multiple scales’.

In the following section, we will first briefly introduce Strategic Diplomacy

and then specify the core tenets of our integrated SCF.

2.1 Strategic Diplomacy

Today’s most pressing security and policy challenges – great power conflict,

economic dependency, climate change, and other non-traditional threats such as

pandemics – are all complex problems. That is, they entail interconnectivity,

non-linearity, and emergence (the system is more than the sum of its parts).

Driven by what some have called the Fourth Industrial Revolution (Schwab,

2018), contemporary global affairs are transforming in four central ways:

1. Shrinking policy space: The exponential speed at which these changes are

happening, including their accumulated effects for countries, societies, and

industries, has led to a fundamental redistribution and decentralization of

power and capabilities. According to Schwab (2018: 67), policymakers ‘are

constrained by rival power centres including the transnational, provincial,

local and even the individual. Micro-powers are now capable of constraining

macro-powers such as national governments’. Whilst globalization has

pushed the connectivity of socio-ecological systems to unprecedented

levels, the capacity of governments, including their policy space and the

reaction time to control outcomes and to deliver essential services, has

shrunk (National Intelligence Council, 2021).

2. Policy nexuses: Policy issues are hard to isolate because they often form

nexuses with a range of interconnected problems – for instance, the nexus

between climate change and ocean health. At the same time, small-scale

policy problems have the potential to become tipping points with large-

scale, system-changing consequences.

3. Shifting boundaries and policy frames: The boundaries that divide individ-

ual, local, national, regional, and international action have become blurred.

New boundaries are drawn comprising diverse sets of actors, which form

novel assemblages and networks to govern policy issues within specialized

orders or sub-systems. As a result, new public policy spaces emerge with
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polycentric lines of authority that transcend the Westphalian state (Ostrom,

2010; Sassen, 2006; Slaughter, 2017).

4. Institutional fragmentation: Issue complexity, together with the shift and

diffusion of relative power, has led to the fragmentation of global govern-

ance architectures becoming a matter of increased interest for academics and

policymakers alike (Biermann et al., 2009a; Boulet et al., 2016; Kanie et al.,

2017; Prantl, 2005, 2014).

Strategic Diplomacy is defined as ‘the process by which state and non-state

actors socially construct and frame their view of the world; set their agendas;

and communicate, contest and negotiate diverging core interests and goals’

(Prantl and Goh, 2016: 8). As such, it provides the capability to embrace the

diverse knowledge systems available in many worlds on one planet, as dis-

cussed in the following section. The importance of knowledge and reality as

being socially constructed and being socially embedded within a cultural,

institutional, and historical context is well established (Berger and Luckmann,

1966; Biermann et al., 2009b; Reed, 2011). However, in a world that is in the

midst of order transition, highly contested, and deeply pluralist without a single

reference frame, knowledge co-production has become essential (Inoue, 2018).

This is particularly true for transnational problems such as climate change or

pandemics that are critically dependent on planetary ways of engagement.

Strategic Diplomacy is a diagnostic and policy framework developed for a

complex operational environment that is challenged by shrinking policy space,

policy nexuses, shifting boundaries, and institutional fragmentation. As a diag-

nostic framework, Strategic Diplomacy is a toolkit that enhances our repertoire of

knowledge production, problem representation, and framing.6 It disaggregates

complexity by examining the wider domestic, regional, and global systemic

environment within which policy issues are embedded. As a policy framework,

Strategic Diplomacy aims at regaining and maximizing policy space.

Differing from standard accounts of ‘regime complexity’ (e.g. Alter and

Raustiala, 2018), the Strategic Diplomacy framework is based on the important

insight that contemporary international order is best understood as a complex

adaptive system, with three key properties: interconnectedness, non-linearity,

and emergence. Interconnectedness refers to the high degree of connectivity

between the individual components of a complex system. Non-linearity means

that there is a fundamental disproportionality between cause and effect. Minor

events may create tipping points with major effects. Emergence denotes that

new phenomena emerge from the interactions of the individual components of a

6 On the importance of expanding our toolkits for navigating complexity, see Young, 2017:
223–229.
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complex system, that is the whole system is more than the sum of its parts.

Strategic Diplomacy takes its analytical eye off short-term events and is con-

cerned about the long-term behaviour and structure within which policy issues

are embedded. Our analytical starting point is therefore what Murray Gell-

Mann has called, ‘a crude look at the whole’ (Miller, 2015: 4).

Forging effective strategies is essential to maximizing policy space and

minimizing uncertainty. Defining and agreeing upon ‘desirable’ futures for

our planet has become a fundamental priority for policymakers (Bennett and

Satterfield, 2018; Biermann, 2018). This is easier said than done in a world that

is characterized by the return of geopolitics, the inequalities of global capital-

ism, and backlash politics, with populism, dissatisfaction with traditional polit-

ical parties, reaction against globalization, and anti-elite sentiments (Hurrell,

2018). There is no mutually agreed set of rules and principles on how societies

should be organized and relate to each other. Hence, strategies – whether

national, regional or global – are hotly contested. Yet practising diplomacy

with a renewed emphasis on strategy is crucial, particularly because the com-

mon reaction to complexity and uncertainty is to seek refuge in oversimplifica-

tion, tactics, and process.

Strategic Diplomacy consists of three key elements:

1. Diplomacy undertaken with an accentuated strategic rationale of maximiz-

ing policy space with the long-term objective of system maintenance or

system change.7

2. The (shorter-term) diplomatic practices of contesting and negotiating con-

flicting strategic ideas and priorities.

3. A strategic narrative that is grounded in domestic knowledge systems and

developed with the stated aim of generating buy-in from both domestic and

international audiences (Freedman, 2013; Prantl and Goh, 2022).

In a nutshell, Strategic Diplomacy generates critical analytical leverage in

recasting conventional analysis of well-known policy issues with the broader

aim of offering different directions for policy planning. The framework is

guided by the following set of questions:

1. Mapping borders: What is the wider domestic, regional, and global systemic

environment, including the epistemological context, within which the

respective policy issue is embedded? What are the key nodes that hold the

7 System maintenance and system change are understood as Weberian ideal-types, two poles at
opposite ends of a broad spectrum of possible system states or permutations. Socio-ecological
complex systems do not return to the same state when they experience feedback loops and
oscillate; they are dynamic and display different behaviours following each cycle.
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system together? Where do we draw the boundaries of the system?

Boundaries are not drawn by the system alone. As Meadows (2008: 97)

reminds us: ‘We have to invent boundaries for clarity and sanity; and

boundaries can produce problems when we forget that we’ve artificially

created them. . . .Where to draw a boundary around a system depends on the

purpose of the discussion – the question we want to ask.’ Hence, mapping

borders is not just a mechanical exercise in depicting system parameters but

a strategic choice of how to represent an issue.

2. Framing issues: If ‘Strategic Diplomacy’ is to be deployed:

a) What is the final objective, that is the strategic endpoint, of system

intervention?

b) What are the most appropriate entry or leverage points from which to

influence the system?

c) What are the tipping points, if any, that may either dampen or amplify

system dynamics?

3. Strategic policy: Following from the answers to questions 1 and 2, what is

the most appropriate strategy to (re-)gain and maximize policy space in

order to shape the systemic environment in the respective issue area? What

is the most persuasive strategic narrative to generate maximum buy-in from

key strategic domestic and international audiences?

The SCF that follows leverages key features of the diagnostic properties of

Strategic Diplomacy, particularly its problem diagnosis, issue framing, and

knowledge production features. It is a collective capabilities-generating

framework, in search of intergenerational continuance. Intergenerational col-

lective continuance can be understood as ‘a community’s capacity to be

adaptive in ways sufficient for the livelihoods of its members to flourish into

the future’ (Whyte, 2013: 518). This will be discussed in the following

section.

2.2 The Strategic Capabilities Framework

Both the social science and policy communities are now in broad agreement that

twenty-first- century global governance and multilateralism:

▪ Has become more ‘complex’ (e.g. Alter and Raustiala, 2018; Orsini et al.,

2020; Young, 2017);

▪ Is operating on a ‘formal-informal continuum’ (Prantl, 2013); and,

▪ Is ‘messy’ (Haass, 2010) or fragmented (Biermann et al., 2009a; Boulet et al.,

2016; Kanie et al., 2017; Prantl, 2005, 2014).

13Building Capabilities for Earth System Governance
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However, two observations are in order.

First, there is a significant demand for better disaggregating of the concept and

‘system effects’ of complexity (Jervis, 1997; Orsini et al., 2020) and translating

that into the practice of strategic policy planning and global governance (Goh and

Prantl, 2017; Prantl, 2021; Prantl and Goh, 2016, 2022). Capabilities do not

function in a vacuum but within a complex adaptive systemic context that must

be fully understood, nudged, and nurtured.

Second, complexity thinking is particularly helpful to study and navigate

systems that are neither simple nor entirely random (Young, 2017). Hence our

aim to apply complexity thinking to make sense of the most essential capabil-

ities that ought to be fostered for addressing the fundamental twenty-first-

century environmental challenges and Earth system transformations.

The SCF is based on the understanding that system boundaries and framings

are not a single-lane road, because the same problem can be part of multiple

knowledge systems and framings, with different meanings to different people.

Therefore, the question of whose boundaries and framings matter and will be

taken into account is of critical importance (Leventon et al., 2021). This

challenge becomes particularly evident when juxtaposing technology with

ILKS. In this context, we understand technology as the development of cap-

abilities, that is advanced technological solutions, to manipulate nature. The

ILKS, on the other hand, are understood as the ‘cumulative body of knowledge,

practice, and belief, evolving by adaptive processes and handed down through

generations by cultural transmissions, about the relationship of living beings

(including humans) with one another and with their environment’ (Berkes,

2018: 8). In essence, technology and ILKS are different frames and social

constructions of the same world. They represent alternative ways of knowledge

production and alternative ways of life (Jasanoff, 2004).

However, technology and ILKS are not mutually exclusive (Kukathas, 2010).

To pose the question of who is for ILKS and who is for technology leads to a

dead end. Navigating change and social transformation is the ultimate quest for

two interconnected worlds: the world of global society (top-down) and the

world of local community (bottom-up). In doing so, Earth system governance

must ask and answer the following critical question:

How to tame technology that has contributed to unsustainable exploitation of
natural resources, overconsumption, and socio-environmental degradation
while rediscovering a way of life that is both responsible and sustainable.

The accelerating innovation in science and technology, the Fourth Industrial

Revolution, carries great potential in improving the ways of engaging with the

natural environment and managing resources (World Economic Forum, 2017).

14 Earth System Governance
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Most importantly, it provides an opportunity to reshape the interaction between

social systems and ecosystems in a sustainable way. This is not just a matter of

technological innovation and application, but even more so an invitation to

review critically the paradigms driving our lives. Paragraph 136 of the legally

binding 2015 Paris Agreement

[r]ecognizes the need to strengthen knowledge, technologies, practices and
efforts of local communities and Indigenous Peoples related to addressing
and responding to climate change and establishes a platform for the exchange
of experiences and sharing of best practices on mitigation and adaptation in a
holistic and integrated manner. (United Nations, 2015)8

At the same time, Indigenous groups have been recognized as a formal con-

stituency at UN climate change conferences since 2001. While they have not

been able to participate in negotiations, they participate as observers with the

opportunity to lobby parties to the negotiations. The Glasgow Climate Pact

(United Nations, 2021) has reconfirmed ‘the important role of indigenous

peoples, local communities and civil society . . . in addressing and responding

to climate change, and highlighting the urgent need for multilevel and coopera-

tive action’. Furthermore, it stresses the importance of Indigenous and local

‘culture and knowledge in effective action on climate change, and urges Parties

to actively involve indigenous peoples and local communities in designing and

implementing climate action’ (United Nations, 2021: para 93).

There is therefore a strong rationale to harness the untapped potential of ILKS

in enhancing individual and collective living conditions. According to the

World Bank’s Climate Investment Fund, ‘[t]he users of traditional technologies

offer a worldview that respects the environment and promotes the notion of

communal ownership and responsibility for its maintenance and transfer to

subsequent generations’ (Climate Investment Funds, 2019: para 18). The

ILKS provide deep knowledge about the environment, including its sustainable

use and management.9 They operate on a paradigm that prioritizes public goods

over private goods. Knowledge is considered a common pool resource passed

on across generations that transcends commercial property rights. At the core of

the SCF is the objective to enhance the living conditions of people – both at the

individual and collective levels by creating safe and sustainable spaces for

humans and non-humans in the Anthropocene. This is the strategic endpoint

8 Furthermore, Article 7.5 of the Paris Agreement recommends that climate adaptation ‘should be
based on and guided by the best available science and, as appropriate, traditional knowledge,
knowledge of Indigenous People and local knowledge systems’.

9 For example, forests and soil are not only uniquely important for local and Indigenous communi-
ties but also play an important role in carbon sequestering and storage (Climate Investment Funds,
2019: para 31).
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we hold constant throughout our analysis. Furthermore, we follow Holland’s

(2008b) call to add Sustainable Ecological Capacity as a meta-capability that

must be nudged and nurtured to enhance human and non-human well-being. We

identify technology and ILKS as two strategic entry or leverage points in the

SCF to realize Sustainable Ecological Capacity and to achieve the strategic

endpoint (see Figure 1).

On the surface, technology and ILKS are different entry points of Earth

system governance with diametrically opposed objectives. This is something

we will discuss in our empirical Sections 4 and 5 with reference to climate and

oceans, keeping the separate entry points as our analytical centre of gravity,

while juxtaposing technology with ILKS and vice versa.

The SCF acknowledges that technology and ILKS are competing demands

arising from different conceptions of order, nature and society, science and

technology, and knowledge production. Yet both deserve much greater aca-

demic scrutiny. Our framework provides explanatory leverage over what we

consider the key conceptual challenge:

How to connect the two different entry points of technology and ILKS in order
to achieve Sustainable Ecological Capacity and to produce better global
public goods to enhance the living conditions of people affected by climate
change.

STRATEGIC ENDPOINT:

Enhancing individual and 

collective living conditions by

creating safe and sustainable 

spaces for humans and non-humans

in the Anthropocene.

ENTRY POINT 1:

Technology

ENTRY POINT 2:

ILKS

Figure 1 Key properties of the SCF
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Addressing this challenge, we start fromMeadows’ (1999) idea of twelve places

to intervene in a system. System interventions are conditioned and constrained by

the capacity of entry points to elicit change in system features and dynamics. Entry

or leverage points are points of power-generating system effects. System para-

digms have the strongest potential for system effects, while entry points targeting

the system boundaries and parameters have the weakest potential. Engaging with

Meadows’ tentative list of leverage points and accepting her invitation to ‘think

more broadly about the many ways there might be to get systems to change’

(Meadows, 1999: 3), we distil five ideal-type system features that are receptive to

system interventions (in decreasing order of effectiveness): paradigms, system

goals, system design, feedback loops, and boundaries (see Figure 2).10

Paradigms. Overarching complex systems are continuously evolving world-

views and beliefs that inform single or collective action. Paradigms provide a

powerful script about how the world works. It is ‘the mind-set out of which the

system – its goals, structure, delays, parameters – arises’ (Meadows, 2008:

162). This is particularly relevant, as the mainstream paradigm of environmen-

tal policy falls short of providing solutions for the manifold challenges arising

from the climate emergency unfolding within the complex socio-ecological

system of the Anthropocene (Biermann, 2021).

System goals. These refer to the primary purpose or core functions of a

system, understood as the trajectory, along with the predominant norms, values,

1. Paradigms

2. System goals

3. System design4. Feedback loops

5. Boundaries

Figure 2 Entry points and potential system effects (in decreasing order

of effectiveness)

10 For other attempts to build on Meadows’ idea of leverage points and identify system character-
istics, see Abson et al. (2016); Birney (2021); Leventon et al. (2021).
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and goals that a system supports. For example, economic growth and profit

maximization can be seen as the emergent narrative towards which many socio-

economic systems are oriented. That does not mean however that the system

itself articulates its goals or that all actors within the system share these goals.

System goals are, by nature, contested.

System design. This refers to the institutions and social structures that organ-

ize relationships, information flows, and self-organization within the boundar-

ies of a system, and that trigger feedback loops. Both ecosystems and social

systems can change through self-organization, adding new factors or vectors to

physical or social structures, triggering new amplifying or dampening feedback

loops. In ecosystems this power to self-organize is called evolution; in social

systems this is called technological advance or social transformation

(Meadows, 2008: 159–161).

Feedback loops. These are the dynamics arising from interactions between

multiple nodes, actors, and vectors within a system. One can distinguish

between negative feedback loops and positive feedback loops, which respect-

ively dampen or amplify effects away from a system’s equilibrium (Jervis,

1997: 125–176; Meadows, 2008: 25–34).

Boundaries. These are the system parameters, comprising key nodes, actors,

and vectors that define a system.

Putting the SCF to work and following from the above, we show that the

deployment of technology is primarily about improving system design and

navigating feedback loops to maintain the system and prevent system collapse.

The ILKS are mostly concerned about the paradigms and system goals driving a

socio-ecological system, with potential leverage on system design. According to

Otto et al. (2020: 2358), traditions and ILKS are important potential social

tipping points in stabilizing the Earth climate system by 2050. In order to

achieve rapid global decarbonization, social tipping interventions may trigger

contagious system effects that are potentially irreversible and difficult to stop,

resembling dynamics observed in epidemiology or social movements.

Examples of social tipping interventions include the reconceptualization of

economics and valuation measures, including Indigenous approaches to nature.

In a nutshell, targeting system goals and paradigms have the greatest potential

system effects relevant for decarbonization transformation. Looked at from a

capabilities perspective, we need to address the following fundamental

questions:

How can we utilize tipping points in triggering transformative change to
maintain or improve the quality of life for people? Where do technology and
ILKS feature in achieving Sustainable Ecological Capacity?

18 Earth System Governance
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Previous research has established that fragile systems are particularly prone to

transformative change (Schellnhuber and Held, 2002). This begs the question

whether our socio-ecological systems are at a critical juncture to embrace

transformative change through either technology or ILKS, or a combination

of both. The scale and speed of contemporary transnational challenges, along

with the fragmentation in global governance, has highlighted the disequilibrium

between problem-solving demands and problem-solving capacity. According to

the US National Intelligence Council (2021: 3), ‘[t]here is an increasing mis-

match at all levels between challenges and needs with the systems and organ-

izations to deal with them. The international system . . . is poorly set up to

address the compounding global challenges facing populations’.

The OECD (2021) posits that there has been a global surge in public discon-

tent since the 2008 global financial crisis, despite rising per capita GDP and

wealth over the last three decades (1990–2019), sharply declining extreme

poverty, and a global middle class emerging with significant improvements in

living standards. This surge in discontent highlights the limits of the goals that

are driving our social systems: focusing on economic growth and wealth

maximization does not lead to satisfaction and well-being.

In sum, in a planetary system that is on the precipice of crossing abrupt and

potentially irreversible tipping points (Lenton et al., 2019),11 there is strong

demand for new paradigms that are based on collective capabilities rather than

utilitarianism. This can only be achieved by reappraising the social contract that

is underlying the relationship between state, society, the economy, and the

environment. In this Element we show how embracing technology and ILKS

can have mutually reinforcing system effects for the enhancement of individual

and collective living conditions.

Together, technology and ILKS can be considered sustainability interven-

tions (Abson et al., 2016; Ostrom, 2009b) to engage with the root causes of

unsustainable human development that increasingly operates outside safe

planetary boundaries (Steffen et al., 2015). Those root causes include:

▪ the lost paradigm of people being connected with nature,

▪ the misalignment of system goals and safe planetary boundaries,

▪ ineffective institutional design governing socio-ecological systems, and

▪ fragmented knowledge production that tends to produce weak system

interventions.

11 According to IPCC (2021), unless there are immediate, rapid, and large-scale reductions in
greenhouse gas emissions, limiting warming to close to 1.5°C or even 2°C will be beyond reach.
Welsby et al. (2021) estimate that, in order to limit the temperature increase to 1.5°C relative to
pre-industrial times, by 2050, nearly 60 per cent of oil and fossil methane gas and 90 per cent of
coal must remain unextracted.
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As this section demonstrates, there is a gap between the magnitude of the

planetary crisis we are facing and the governance solutions we have presented

so far. There is a significant demand to realign the systems, institutions, and

communities that contribute to the solutions. Top-down science and technology

alone cannot provide all the answers.

The SCF offers an integrated analytical and policy planning conduit to push

the capabilities envelope further, with a view to realign governance sub-systems

and institutions across the domestic, regional, and global levels with the funda-

mental challenges of Earth system transformations. However, to generate max-

imum leverage, the SCF needs to be embedded firmly in the long-standing

traditions and practices of local communities. Therefore, in a second step, the

importance and properties of ILKS and knowledge co-production will be

further fleshed out as part and parcel of our capabilities framework.

3 Co–producing Knowledge in Many Worlds on One Planet

When we tell that our river is sacred, people say: ‘This is some kind of folklore’,
when we tell that the mountain is showing us that it is going to rain and that this day
is going to be prosperous, a good day, they say: ‘No, a mountain does not speak
anything’.

(Krenak, 2019: 26)

The climate emergency, accelerating biodiversity loss, and the deepening sever-

ity of the socio-environmental challenges now coupled with the health and

economic crisis brought by the Covid-19 pandemic provide evidence that

systemic changes and new forms of governance for a safe and just Earth are

long overdue. As the previous section highlighted, transformative change must

be thought of within a complex adaptive system that transcends traditional

levels of analysis, for example the unit versus system levels of analysis12 and

there is significant demand to realign the systems, institutions, and communities

that contribute to the solutions. However, we live on one planet where many

worlds co-exist, and there are not one-size-fits-all solutions, which risk not only

being unjust but also to fail, as the challenges are so complex and the problems

so wicked that plural and polycentric governance pathways are, in our view, the

only way forward.

The strategic capabilities approach identifies ILKS as one of the strategic

entry points to achieve the objective of enhancing the living conditions of

people – both at the individual and collective levels – by creating safe and

sustainable spaces for humans and non-humans in the Anthropocene (strategic

endpoint), or, put differently, recognizes that multiple knowledge systems

12 For further information, see Prantl (2021).
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inform governance capabilities. The twelve places of intervention proposed by

Meadows (1999) and adopted here were distilled into five ideal-type system

features that are receptive to system interventions (in decreasing order of

effectiveness): paradigms, system goals, system design, feedback loops, and

boundaries (see Figure 2). These offer leverage points to get systems to change

(Meadows, 1999: 3).

As technology alone cannot elicit change in system features and dynamics

necessary to achieve the strategic endpoint, ILKS should be considered part and

parcel of this Element’s capability framework. Beyond the temptation of man-

agerial, technocratic, and top-down ‘solutions’, we consider that multiple and

plural voices must be heard. Therefore, there is a need to level the playing field,

changing existing spaces or creating new ones for knowledge co-production

through processes that consider both technology and ILKS as entry points in

parity. This does not mean that they are equivalent, nor that alone they can have

the systemic effects necessary, but that they should be considered on equal

terms. Ontological and epistemological parity should happen in co-production

processes towards the strategic endpoint detailed in this Element. Our propos-

ition is that diverse agents with diverse knowledge systems could then be

involved in knowledge co-production and co-creation of pathways that leverage

systems change.

As scholars attempt to unpack multiple ways of being and knowing, which

can be ontologically considered ‘other’worlds, they face a challenge to develop

new frames that, on the one hand, recognize the planetary challenges of living

on a ‘new Earth’ (Biermann et al., 2009b; Crutzen, 2002; Nicholson and Jinnah,

2016; Röckstrom et al., 2009b), and, on the other, take into consideration the

existence of many worlds that interact, conflict, and co-constitute each other

(Inoue, 2018; Inoue et al., 2020; Inoue and Moreira, 2016; Ling, 2014; Onuf,

2013; Tickner and Blaney, 2012).

In this direction, we need to question our theories and concepts and how they

are constitutive of our worlds. It is important to expose our ‘world-political’

conceptions because they situate what counts or not, what is part of our world

and our time, or what/who is excluded (Blaney and Tickner, 2013: 9). For

Tickner (2013), understanding this is not the same as epistemological relativ-

ism, neither is it a ‘post-truth’ world or a way of denying the importance of

scholarship and science, but assessing to what extent our notions empower or

exclude actors and themes, making them invisible, marginal, or absent from

public debates and scientific research (Forsyth, 2014). Therefore, it is necessary

to be open to ‘other possible worlds or forms of life that are represented as

implausible, ideological, or spurious, and so often consigned to the realms of
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fiction, fantasy, or nonsense’ (Blaney and Tickner, 2013: 9), or even declared as

non-existent or illegitimate (Smith, 2012: 103).

This section explores how the idea of knowledge co-production, co-creation,

and dialogues between ILKS and technology can provide entry points to lever-

age change mainly, but not exclusively, on paradigms, system goals, and system

design. These are considered as places for systemic intervention. The relation-

ship between different knowledge systems – in this Element, technology and

ILKS – is complex, and this section aims to help navigate this complexity within

the SCF.

We argue that co-creation of knowledge and solutions between ILKS and

technology could foster system effects and changes in paradigms, system goals,

and system design. In this sense, knowledge co-creation based on epistemic

parity (technology and ILKS as significant entry points) should be the means for

systemic change, increasing the possibilities to achieve the strategic endpoint.

For co-creation to occur, processes must be inclusive and just, while Indigenous

peoples and local communities are considered agents in knowledge co-produc-

tion. Consequently, the list of essential capabilities to address fundamental

environmental challenges and Earth system transformations can account for

multiple conditions and circumstances, for humans and non-humans (Holland,

2021).

Knowledge co-production has two meanings. The first implies that know-

ledge is co-produced in and through society, constituting the world (Jasanoff,

2004), and, as such, it is an intrinsic element of governance (Molen, 2018: 19).

At the same time, knowledge co-production has become an aspiration in

sustainability science (Miller and Wyborn, 2020) in the sense that claims for

more inclusive and diverse spaces for co-production have become common.

These two meanings are interrelated as understanding that the co-constitutive

dimension of knowledge (world-making) is a step to recognize and open-up to

other worlds.

We suggest that a polycentric ‘many worlds on one planet’ approach to Earth

system governance implies recognizing that human societies create ‘worlds’

that entail diverse knowledge sub-systems and notions of nature. Enhancing

capabilities for governance in a complex and technologically driven planet is

more likely to succeed if different knowledge systems are acknowledged in

processes of co-production. In terms of the SCF, it is a matter of recognizing the

interconnectedness and complementarity between the two entry points to pro-

mote system change. The voice and representation of the people inhabiting

multiple worlds are key for advancing Earth system governance processes that

are legitimate, socially just, and that promote ecological and economic sustain-

ability for humans and non-humans. This section draws on a literature review
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and document analysis on ILKS and knowledge co-production, with a focus on

the ontological and epistemological dimensions. It is divided into three sections.

First, we discuss why it is necessary to recognize multiple knowledge systems

in Earth system governance, based on the assumption that knowledge and society

are in a mutually constitutive relationship. Following that, we present what is

knowledge co-production based on a many worlds-one planet perspective to

highlight the nexuses between knowledge co-production and Earth system gov-

ernance. The third section attempts to synthesize and present ILKS and co-

creation as an essential part of the capability framework – as one of the entry

points necessary to provoke changes in paradigms, system goals, and design.

Our conclusion is that although international norms already recognize

Indigenous knowledge, and there are some practices of knowledge co-production,

like the ones which have been occurring in the Intergovernmental Science-Policy

Platform on Biodiversity and Ecosystem Services (IPBES) and the United

Nations Framework Convention on Climate Change (UNFCCC), more research

is needed in order to assess the extent to which these processes of co-production

happen with ontological plurality and epistemological parity and to what extent

they are able to constitute per se entry points towards systemic change.

As a consequence, we also suggest that there is a need to create more fora for

knowledge co-production and to develop a research avenue on how to co-

produce knowledge considering all actors as peer agents in an ontological and

epistemologically plural, equitable, and just context. The capabilities approach

is one possible path (Bockstael and Watene, 2016), but it is important to

consider its limitations regarding the focus on human agency and on dignity,

the need to have cross-cultural conversations with Indigenous and local com-

munities, and the importance of relational approaches to nature to bridge the

gaps between ILKS and Western development thinking (Watene, 2016).

3.1 Parity among Multiple Knowledge Systems

Scientific knowledge, in particular, is not a transcendent mirror of reality. It both
embeds and is embedded in social practices, identities, norms, conventions, dis-
courses, instruments, and institutions.

(Jasanoff, 2004: 3)

Cornell et al. (2013: 61) define knowledge systems as broader than science. They

are made up of ‘agents, practices, and institutions that organise the production,

transfer, and use of knowledge’. In the IPBES glossary,13 knowledge systems are

defined as

13 See www.ipbes.net/glossary?f%5B0%5D=title_az_glossary%3AK. Accessed 26 October 2019.
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[a] body of propositions that are adhered to, whether formally or informally,
and are routinely used to claim truth. They are organized structures and
dynamic processes (a) generating and representing content, components,
classes, or types of knowledge, that are (b) domain-specific or characterized
by domain-relevant features as defined by the user or consumer, (c)
reinforced by a set of logical relationships that connect the content of
knowledge to its value (utility), (d) enhanced by a set of iterative processes
that enable the evolution, revision, adaptation, and advances, and (e) subject
to criteria of relevance, reliability, and quality.

The IPBES definition is broader than that of Cornell et al. (2013), though they

share common points. We share with them the understanding that knowledge

systems have multiple actors engaged in a specific domain, in dynamic and

interactive formal and informal processes.

Biermann et al. (2009b) assert the importance of considering the social

construction of knowledge, the cultural and temporal embedding of the

researcher, and the reflexivity of social knowledge because of the normative

uncertainty that prevails in the governance of the global environment. In this

sense, we should acknowledge that science has been a fundamental source of

awareness about socio-environmental degradation and the planetary limits to

economic growth. For Pádua (2002: 28), science can be associated with the

origins of environmental thought not only in the context of the consequences of

the great urban–industrial transformations that began in Europe at the end of the

eighteenth century but also with other historical processes, among which he

emphasizes European colonial expansion and the incorporation of large regions

of the planet into a world-economy under its dominance, including biomes and

ecosystems that were not part of the Western historical experience.

On the other hand, science is a culturally specific knowledge system that is

intrinsic to modernity. As such, it has been premised on the modern dichotomies

as subject/object, nature/society, norm/fact, based on a paradigm of knowledge

as a product of a subject–object colonial relationship (Quijano, 1992). Jasanoff

(2004: 2–3) argues that the ways in which we know and represent the world are

inseparable from the ways in which we choose to live in it. Thus, it is important

to highlight the mutually constitutive relationships between society and know-

ledge, which means that society cannot function without knowledge, the same

way as knowledge cannot exist without appropriate social support, and to

recognize how political and social factors influence science and vice versa

(Forsyth, 2014: 220).

The paradox is that science has been part of the problem and the solution of

the planetary socio-environmental crisis. Science and technology derived from

it have been part of the historical and socio-economic processes that foster
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production and consumption patterns related to socio-environmental degrad-

ation. At the same time, science as an authoritative mode of knowledge has been

providing evidence of global environmental damages to the Earth system, and

many solutions have come from technology. However, the crisis has become

systemic and, we argue, the only way forward is going beyond science and

technology. In this sense, the concept and practice of knowledge co-production,

which engages different knowledge producers – agents, processes, and institu-

tions (Cornell et al., 2013 and IPBES, 2019)14 – can contribute to enlarge the

SCF.

Escobar (2016: 21) highlights that a One-World World (OWW) has been

enacted through epistemological practices and historical choices that have as a

landmark the ‘Conquest of America’ and a

two-fold ontological divide: a particular way of separating humans from
nature (the nature/culture divide); and the distinction and boundary policing
between those who function within the OWW from those who insist on other
ways of worlding (the colonial divide). These (and many other derivative)
dualisms underlie an entire structure of institutions and practices through
which the OWW is enacted.

For Escobar, global climate change is evidence of the OWW’s crisis, the same

as the ‘ubiquity of the language of crisis to refer to the planetary ecological and

social condition’, and the struggles for mountains, landscapes, forest, and

territories that appeal to relational and pluri-ontological understandings of life

(Escobar, 2016: 21–22), all underscore the need for change. In Escobar’s view,

knowledge produced in these struggles is more far-sighted and appropriate in

the current crisis context that, on the one hand, evidence the need for civiliza-

tional transitions, and, on the other hand, is profoundly affected by planetary

dynamics featured by the Anthropocene (Escobar, 2016: 23–24).

The great acceleration of the Anthropocene means that social-ecological

systems interact more rapidly and frequently in our globalized planet causing

accelerated planetary socio-environmental change. There are calls for innova-

tive ways to define and conceptualize the challenges and to search for solutions

for the present and the future. However, there is a gap between the magnitude of

the challenges and the governance solutions that have been presented so far. In

this context, there is greater demand to connect knowledge systems in the search

for alternative pathways for humanity (Tengö et al., 2014). Science is intrinsic

to governance (Molen, 2018) and essential in responding to the planetary crisis,

but it cannot be seen as a neutral tool to explain and control the world out there,

and, by itself, cannot provide all the answers.

14 See www.ipbes.net/glossary?f%5B0%5D=title_az_glossary%3AK. Accessed 26 October 2019.
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Moreover, considering how the Anthropocene departs from the stability that

humanity has long experienced in the Holocene, we need to engage with

epistemological and ontological questions. As human impact on Earth is so

great that no place on the planet can be considered as untouched or ‘natural’,

scholars are pointing to the conceptual end of nature, to a post-nature world, and

to hybrid concepts to refer to the nature–society relation in non-dichotomous

ways (Leis, 1999; Rudy and White, 2014: 129; Wapner, 2010, 2014). In this

sense, the notion of pluriverse (Escobar, 2016) is an important contribution.

Escobar points out that there are multiple worlds or ontologies (Escobar,

2016: 13). There are multiple ‘reals’ in contrast to the assumption of a single

reality with multiple cultures, perspectives, or subjective representations, but

not in the sense that a pluriverse view should ‘correct’ the OWW view of a

single real, as ‘a truer account of ‘reality’ (Escobar, 2016: 22). The pluriverse

proposal of multiple reals is non-dualist, thus is not an either/or view of a

pluriverse versus a universe.

Our argument calls for parity among different knowledge systems in onto-

logical and epistemological terms. In this direction, we call for envisioning (the

establishment of, the promotion of) processes for knowledge co-creation among

diverse knowledge systems, as the case of the two entry points in the SCF. This

argument does not entail equivalence between ILKS and technology, but calls

for participation of actors who have typically been excluded and the recognition

of their knowledge systems as entry points in the proposed framework.

Accordingly, we concur with the worldism notion that social diversity and

conceptual abundance are as significant as analytical rigour and methodological

parsimony in scientific inquiry. In that view, multiple worlds refer to distinc-

tions and connections (Ling and Pinheiro, 2020: 320). Their model of dialogics

or ‘chatting’ is based on the Daoist yin/yang dialectics, in which the engage-

ment across and within ‘subaltern’ worlds is enabled by

revealing opportunities for discursive agency (relationality), by recognizing
political solidarity from disparate voices at disparate sites (resonance) and by
developing ethics with compassion as a guide to action (interbeing). (Ling
and Pinheiro, 2020: 318)

Relationality is premised on ontological parity, positing that social power takes

place despite structural inequities. In this sense, everything and everyone, even

the smallest, should be considered equally significant. It acknowledges power

relations, interrogates silences but also asks ‘how the silenced talk back not just

speak up’. Resonance invites attention to ‘creative transformation combined

with respect for local knowledges’ and it is based on the notion of musical

vibration or how ‘we may hear the common song arising from disparate voices
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in disparate places’. Finally, interbeing means acting ethically and with com-

passion as two indissociable principles and treats the ‘Self as a reverberative

subjectivity (“I am because of you, you are because of me”)’ (Ling and Pinheiro,

2020: 322).

Dialoguing with ILKS, and considering them in epistemological and onto-

logical parity with academic knowledge, is a move in the direction of more

inclusive understandings of knowledge that can help us to reconceive and

reconcile the nature–society relation. This move is important not because

these knowledge systems are useful (as a resource), nor because of

Indigenous peoples’ closeness to nature (eco-Indigenism), neither due to an

‘anti-scientific’ attitude, but because Indigenous and local populations are

legitimate agents and through their active participation, their ways of knowing

and of being on the planet can contribute to different understandings of Earth

politics in the Anthropocene (Nicholson and Jinnah, 2016).

The first step, presented by Escobar, is the recognition of multiple reals in a

non-dualist manner. The next step is creative listening and speaking (CLS) as

the method proposed by Ling and Pinheiro (2020) to put worldist chatting in

practice. It will be further elaborated in the next section. The ontological and

epistemological parity are not measured by an attributed value of different

knowledge systems or the potential scale of the solutions informed by them,

but on the acknowledgement of multiple entry points that makes us more far-

sighted in our search for innovative thinking with equity and justice

implications.

3.2 Knowledge Co-production and Many Worlds

It is necessary to promote respectful and equitable dialogue and connection

across different knowledge systems for improved policy and governance, sup-

porting mechanisms for learning, and decision-making (Tengö et al., 2014: 584,

589). The literature on knowledge co-production has its origins in at least three

different academic fields: public administration, science and technology stud-

ies, and sustainability science; though these fields portray different views on co-

production, they share a constructivist basis (Miller and Wyborn, 2020).

Instead of focusing on co-production as a de facto reality, sustainability

science has turned it into a normative aspiration: ‘science should be co-pro-

duced with its users’ (Miller and Wyborn, 2020: 90). However, turning know-

ledge co-production into an aspiration cannot become a panacea or a checklist

of who is present in a meeting, as such a view risks overlooking the unequal

power relations and procedures that co-produce knowledges and societies

(Miller and Wyborn, 2020). In fact, understanding that knowledge is always
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co-produced is a first step to acknowledge that some spaces of knowledge

production are considered more legitimate than others and that some actors

have unequal access to spaces and processes where scientific/academic know-

ledge is produced.

We suggest that it is possible to consider co-production critically as a de facto

reality, and, simultaneously, to aspire to build new and inclusive arenas to allow

for processes to produce knowledge jointly. In the SCF, it requires parity

between technology and ILKS as entry points. In this sense, knowledge co-

production can be defined as the engagement of different knowledge producers

(agents, processes, and institutions) for the production of knowledge (based on

Cornell et al., 2013 and IPBES, 2019),15 normally, for a specific domain and

with three main stages: joint problem framing, knowledge integration, and

experimentation (Cornell et al., 2013: 63).

Tengö et al. (2017: 20) propose the multiple evidence-based approach to co-

produce knowledge and engage with different knowledge systems. This

approach considers that knowledge systems are incommensurable, and recog-

nizes power asymmetries between them, the flow of knowledge, and credibility

(Cornell et al., 2013: 61). Such ideas can be related to the notion of pluriverse,

as an ontological starting point for recognizing that reality (or realities) is

constituted by many worlds (ontologies, ways of being in the world, experien-

cing it, and knowing reality) and while being interrelated, each world exists on

its own (Escobar, 2016; Querejazu, 2016) and in a non-dualist relationship

(Escobar, 2016).

Accordingly, CLS as a worldist method based on relationality, resonance, and

interbeing calls for the creation of ‘third spaces’ or venues for engagement,

where one can momentarily put into brackets polarized positions like the

powerful versus the powerless, or the rich versus the poor, allowing for mutual-

ity to develop and the emergence of ‘other ways of thinking and doing, being

and relating’, despite structural asymmetries (Ling and Pinheiro, 2020: 323).

In this context, other ways of knowing, which are sometimes considered as

myths or non-rational stories, need to be considered with another gaze. Taking

this one step further, we should demystify theWestern (European) belief that the

great commercial, political, philosophical, and scientific accomplishments

result from the sole effort of Europeans: ‘Europe was periphery to Asia before

the Christian age, and it benefited from innumerous discoveries of the Orient’

(Ramos, 2013: 21–22 free translation).

We would add to this assertion that the so-called progress is as much a result

of colonial exploitation as it is of ‘encounters’ with others. For Smith (2012:

15 See www.ipbes.net/glossary?f%5B0%5D=title_az_glossary%3AK. Accessed 26 October 2019.
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61), who writes from the perspective of Maori Indigenous people, knowledge

and culture were part of imperialism, and ‘[k]nowledge was also there to be

discovered, extracted, appropriated and distributed’ in organized and systematic

processes. The contributions of these other knowledge systems to the founda-

tions of Western research, however, are normally neglected, since they are

considered as objects of research (Quijano, 1992), not as equivalents, due to

power asymmetries and prejudices that put them in ontologically and epistemo-

logically inferior positions (Smith, 2012: 63–64).

As Cesarino (2013: 19) reminds us, ‘myth’ can be seen as a notion created

within the Greco-European tradition to refer to other peoples’ knowledge

systems, to categorize what falls into the horizon of ‘irrationality’, in contrast

to the attempt to achieve ‘logos’ and the monopoly of truth.

Thus, epistemological and ontological parity among worlds and knowledge

systems is an essential move to enlarge the borders of our academic disciplines

and a first step towards knowledge co-production processes that include trad-

itional and Indigenous ways of knowing.

For that to happen, it is important to build and recognize spaces and fora

where diverse actors are in parity, all of them having voice and agency, with due

recognition of quality, reliability, relevance, and attention to incommensurabil-

ities, which are not necessarily opposite positions. There is also a need to

differentiate between (a) integration of knowledge, (b) parallel approaches to

developing synergies across knowledge systems, and (c) co-production of

knowledge (Tengö et al., 2014: 582). Integration refers to processes that attempt

to incorporate components of one knowledge system into another through a

validation process based on the latter system. A parallel approach looks for

complementarities while presupposing validation across knowledge systems,

each system is considered legitimate within its context with its own strengths.

Each one pursues knowledge in parallel, enriching one another. Co-production

of knowledge is a mutual process of knowledge generation that engages the

actors in the process at all stages, including validation.

In our view, either parallel approaches or knowledge co-production are valid

ways to join Indigenous peoples, traditional populations, and non-Western

knowledge holders with scientists and academics. Integration presupposes or

reinforces a hierarchy, which is exactly the idea that should be overcome. For

instance, there is evidence that Indigenous knowledge has only been recognized

in some fora, like the UNFCCC, when it validates mainstream knowledge and

world perspectives (Belfer et al., 2019).

Indigenous peoples can contribute with ‘holistic, embedded and bounded in

the local’ non-dichotomous knowledge, which values the community, has moral

significance, and does not separate nature and culture, or subject and object,
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humans and non-humans (Inoue andMoreira, 2016: 13). This recognition needs

to go many steps ahead of the traditional (neo)colonial integration and be based

on co-constitution and equitable positions between multiple knowledge

systems.

3.3 ILKS as Entry Point for Systems Change

Indigenous knowledge and its value has been recognized by international law

and as such it should be respected, preserved, and maintained. There are

international rules of Free Previous Informed Consent (FPIC) as of

International Labour Convention No.169 and Mutually Agreed Terms as of

the Nagoya Protocol that regulate activities involving Indigenous peoples.

Environmental and development practitioners and academics have called atten-

tion to how Indigenous knowledge can be useful for governing natural resources

and for ecosystem protection, conservation, and sustainable use. This is also

recognized by international regimes and organizations like the Convention on

Biological Diversity, the Convention on Desertification, and by the World Bank

(Martello, 2001).

However, Martello (2001) warns against the view of ILKS being considered

as ‘resources’, asserting that the language of international organizations about

traditional knowledge can reflect a view of it being an ‘extractable resource’ in

need of refining and standardization to be comprehensible, useful, and valuable

(Martello, 2001: 131). This approach has also been described by Smith (2012)

as being colonialist and echoes Quijano’s (1992) criticism of non-Western

knowledges being considered as objects, and not subjects. Martello (2001)

argues that such a view establishes a ‘one-way-dynamic’ from the local to the

international with little involvement of Indigenous and local communities.

We believe that epistemological parity is fundamental to uncover actors made

invisible by previous approaches and to hear other voices in the process of co-

producing knowledge about Earth system governance – an entry point to system

change at the paradigm level, but also with impact on goals, design, feedback

loops, and boundaries. It is noteworthy that the effort to recover ILKSwithin the

academy may presume that it can be effectively transferable to an institution.

However, this is a wrong approach (integration) as it carries the risk of viewing

this knowledge system as a resource to be extracted (Agrawal, 1995; Smith,

2012; Wilson, 2004).

Smith (2012: 111–126), for example, presents the formation of a field of

Indigenous research, based on Indigenous concepts, practices, and Indigenous

peoples as researchers and objects of research, in what she calls the ‘modern

indigenous peoples’ project’, which goes ‘beyond decolonisation aspirations of
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a particular indigenous community . . . towards the development of global

indigenous strategic alliances’ (Smith, 2012: 112). Agenda-setting is a power

demonstration and, in this case, also provides some evidence of self-determin-

ation. In this direction, we again suggest that knowledge co-production is not

solely about the development of parallel research agendas, but jointly produced

agendas.

Moreover, there is the risk of being essentialist by not considering how

knowledge systems interact and relate to each other. As pointed out, there are

always encounters, co-constitution, interconnectedness, and incommensurabil-

ities. Cultures are not closed and peoples are dynamic. Agrawal (1995: 421)

argues that ‘neo-indigenistas’ rely on the same type of dichotomous worldview

as the modernization theorists, seeking to create two categories of knowledge

(Western and Indigenous) based on a few distinguishing characteristics, but

forgetting the diversity and heterogeneity within each of them and that they are

not separated and static, fixed in time and space. They interact and change.

Thus, it is important to avoid dichotomies such as scientific and non-scientific

Indigenous knowledge (Agrawal, 1995: 424; Jackson, 2011). In this sense,

studies on Indigenous knowledge cannot be archived in national or international

centres as databases, as resources to be extracted (Agrawal, 1995: 420).

Having these caveats in mind shows how difficult it is not to fall into the traps

of essentialism, extractivism, simplification, naturalism, or co-option. One way

to try to avoid these limitations is by identifying Indigenous struggles and

listening to Indigenous voices and to recognize the ‘situatedness’ of our own

work and the power struggles related to it.

More importantly, on the one hand, this is a claim for recognition of ILKS, to

recognize ‘how they know what they know’ (epistemology and ontology), and

for a change in power relations. On the other hand, Indigenous peoples in North

America, the Andean region, and the Amazon in South America, Aboriginal

and Torres Strait Islanders fromAustralia, andMāori people from New Zealand

claim that they have their ways of ‘coming to know’ (Cajete, 2000; Kopenawa

andAlbert, 2013; Ramos, 2013; Viveiros Castro, 2004), and that these should be

valued on their own terms (Smith, 2012;Wilson, 2004). Thus, the recognition of

ILKS in epistemological and ontological parity with Western knowledge sys-

tems is a part of Indigenous struggles.

Tengö et al. (2014) point out that the power inequities and epistemological

differences between diverse knowledge systems are brought to the fore in know-

ledge policy processes. Agrawal (1995: 431–432) presents some implications of

these differences, arguing that the issue of Indigenous knowledge must be

reframed as one of change in power relations and control over the use of lands

and resources, including the right to decide on how to save, to use, and who can
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use their knowledge. This goes beyond rights over territories, or rights to keep

their cultures, beliefs, practices, or capabilities to function, but resistance to a

particular ontological occupation, that of the ‘universal world of individuals and

markets that attempts to transform all other worlds into one’ (Escobar, 2016: 21).

For Escobar, Indigenous, Afrodescendant, peasant, and poor urban communities’

struggles are ontological struggles for many worlds.

In the case of the SCF, the struggles for the recognition of many worlds

impact the definition of the strategic rationale, the identification of agents

(human and non-human), the understanding of policy stages, knowledge (co-)

production processes and fora, and the time frame of what is considered the

short and long term. Accordingly, our proposition of knowledge co-production

brings up power considerations within the SCF, because it is based on an

understanding of ontological plurality and epistemological parity. The SCF

should be premised on relationality. If actors are peer agents in the process of

co-producing knowledge, it is necessary to explore ‘third spaces’ guided by

resonance and interbeing (Ling and Pinheiro, 2020). Concretely, that means to

create new places for co-producing knowledge (ex ante focus) and to look for

existing processes and places where knowledge has already been or could be co-

produced (ex post focus).

The Earth System Governance Project’s16 new Science and Implementation

Plan states that to recognize other ways of knowing implies a transdisciplinary

research effort, which is seen as a means to ‘structure research process that

accounts for diverse perspectives on the problem and proposed solutions by

tackling the relevance that these have – as an epistemic value – for the problem

and context in question’ (ESG Project, 2018: 83). Such an effort should foster

processes for co-design of research agendas and knowledge co-production.

Concretely, that should be translated into the creation of new opportunities for

collaboration, as well as building capacity and skills, but also being more

creative and investing in experimentation (ESG Project, 2018: 84).

In addition, knowledge co-production with Indigenous and other local popu-

lations, who hold traditional knowledge, can surpass the domain-specific fram-

ing, dichotomies, and dualities, and provide functionalities that go beyond

problem analysis, involving system understanding.

The recent Glasgow Climate Pact,17 from COP 26, has reconfirmed ‘the

important role of indigenous peoples, local communities and civil society . . .

in addressing and responding to climate change, and highlighting the urgent

need for multilevel and cooperative action’. How this recognition will be

16 See www.earthsystemgovernance.org/. Accessed 26 December 2020.
17 See https://unfccc.int/sites/default/files/resource/cop26_auv_2f_cover_decision.pdf. Accessed

17 December 2021.
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translated into action is yet to be seen, since most of the eight references to

Indigenous and local peoples are related to ex post measures (loss and damage,

protection and conservation of ecosystems to deliver essential services, and

collaboration towards the attainment of the Convention objectives).

There are multiple examples of knowledge co-production with Indigenous

and local populations on different issues. The IPBES established the thematic

assessment of pollinators, pollination, and food production, and the Plan of

Action on Customary Sustainable Use of Biodiversity under the Convention on

Biological Diversity (Athayde et al., 2016; Tengö et al., 2017). Norton-Smith et

al. (2016) assessed the climate impacts on Alaskan Native and American Indian

tribes, including tribal approaches to climate change. Nevertheless, for Belfer et

al. (2019) Indigenous participation in the UNFCCC currently lacks meaningful

recognition, with power and resource inequities, despite the establishment of

the Local Communities and Indigenous Peoples Platform.18 Moreover, research

is needed about the relations between the capabilities approach and ILKS

(Bockstael andWatene, 2016), as well as about co-production between technol-

ogy and ILKS based on relationality, resonance, and interbeing as guiding

principles.

The last call of the Glasgow Climate Pact regarding Indigenous and local

peoples is more in tune with our proposition, with emphasis on ‘the important

role of Indigenous peoples’ and local communities’ culture and knowledge in

effective action on climate change’ with an urge to parties to ‘actively involve

Indigenous peoples and local communities in designing and implementing

climate action’ (paragraph n.66 of the Glasgow Climate Pact).

It is not possible to have a blueprint of how to co-produce knowledge consid-

ering many worlds, nor to assess critically if ongoing co-production initiatives

have been carried out considering epistemological parity and equity among

agents. The examples of IPBES, UNFCCC, and ILO Convention No.169’s

FPIC evidence a need for more research to identify the challenges, shortcomings,

and successes and whether these have been entry points for system change.

Relationality, resonance, and interbeing can be complemented by the principles

stated byMiller andWyborn (2020: 92), when building knowledge co-production

spaces: inclusiveness and accommodation; attentiveness to how power is

accorded, how the less powerful can insist on participation rights and the signifi-

cance of their ways of knowing, and how processes and objectives of co-produc-

tion can work to include or exclude; and, finally reflexiveness about forms and

arrangements related to credibility, legitimacy, and accountability.

18 See https://lcipp.unfccc.int/. Accessed 27 May 2023.
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3.4 Conclusion

In this section, we have argued for the recognition of local and Indigenous

peoples and their knowledge systems and suggested knowledge co-production

among diverse knowledge systems and agents as a potential pathway for system

change. We consider that these can be an entry point towards achieving the

strategic endpoint of enhancing individual and collective living conditions in

safe and just spaces for humans and non-humans in the Anthropocene (Figure

1). This entry point can leverage change on paradigms, systems goals, and

design, which inform and produce alternative research agendas, problem fram-

ings, and methodological choices in a more just and equitable manner.

The starting point for this argument was the SCF. However, we pointed out

that power considerations should be taken-up in the SCF as power asymmet-

ries have prevented voices from being heard. This entails levelling the play-

field and reconfiguring unilinear notions of knowledge and power based on the

CLS principles: relationality, resonance, and interbeing (Ling and Pinheiro,

2020). In practical terms, that means to question and to reflect on the way we

have been producing and validating knowledge, and how knowledge consti-

tutes our worlds. This step is important to recognize and to be open to other

ways of knowing beyond a mere integration approach with (neo)colonial

roots. Taking a many worlds-one planet perspective means that all the actors

should be considered as peer agents in relationality, through knowledge co-

production or parallel approaches that look for synergies (Tengö et al., 2014)

and resonance. In this direction, there is a need to create more inclusive

processes and places, ‘third spaces’ (Ling and Pinheiro, 2021). This perspec-

tive calls for dialogue or connection (Tengö et al., 2014) with Indigenous and

other knowledge systems.

In this section, we also pointed out the risks of essentialism, extractivism,

simplification, co-option, and naturalism and the need to acknowledge incom-

mensurabilities and the diversity and heterogeneity in ILKS, avoiding

dichotomies as scientific and non-scientific Indigenous knowledge.

Knowledge systems are not static and fixed, they interact and change across

time and space (Agrawal, 1995; Martello, 2001; Smith, 2012; Wilson, 2004).

So ILKS and co-production need to be framed not only as a change in power

relations, the control over territories and resources or rights to keep cultures or

capabilities but above all as resistance to a particular ontological occupation

(Escobar, 2016). In this sense, Indigenous struggles involve the recognition of

their knowledge systems and Indigenous participation as peer agents in

knowledge co-creation processes.
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Indigenous knowledge has already received formal recognition in inter-

national norms, but it remains difficult to achieve practical directions. There

are, however, developments within the IPBES, the UNFCCC, and within

academia (see Smith, 2012) which need further scrutiny.

We consider that a potential many worlds-one planet research avenue for

ESG scholars could be to identify and further assess if and how knowledge

co-production initiatives like the above mentioned in IPBES, the

UNFCCC, and the ILO Convention No.169 actually happen, to what extent

they are inclusive and accommodating, if power relations are acknow-

ledged and the playing field is levelled in terms of participation, validation,

and joint construction of problems and solutions, and how reflexive these

processes have been (Miller and Wyborn, 2020: 92). Such an avenue opens

the possibility for humility and for creatively confronting our current

planetary crisis with plurality towards the enhancement of the living

conditions of humans and non-humans.

Finally, this section argues for an encompassing capabilities framework

that fosters new processes and fora for knowledge co-creation that are

legitimate, socially just, and that promote ecological and economic sus-

tainability. The debate around potential, limitations, risks, and the encoun-

ter of different knowledge systems around technologies designed to

manipulate the planet’s climate intentionally in the next section is a

possible field for our argument.

4 Climate Governance

Climate change is accelerating and its impacts increasing. The CO2 atmospheric

concentrations and global temperatures are reaching record-breaking highs

(WMO, 2020). The continuing worsening of the climate crisis evidences the

failure of three decades of multilateral state efforts to fight the threat of climate

change (Pereira and Viola, 2020), and prospects for the future are highly uncer-

tain. There is currently a profound gap between, on the one hand, the mitigation

pledges submitted by parties to the UNFCCC under the 2015 Paris Climate

Agreement and the trajectory of policies since the signing of the agreement,

and, on the other hand, the ambitious climate action needed to comply with the

temperature goals agreed in Paris and to deliver a climate-safe future (CAT,

2021). Consequently, and as observed by Pasztor (2017: 419),

[f]or many experts the question is no longer whether the world can keep the
temperature rise below the goals stipulated in the Paris Agreement, but by
how much will the world miss that target and how long will the overshoot
last.
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In this context, many are increasingly considering the role that unconventional or

disruptive technologies could play in helping humanity address the climate crisis.

As shall be seen, this idea has been, and will most likely continue to be, the subject

of deep controversy and heated debates, not only as a result of the technical, ethical,

and political challenges those technologies raise but also because the prospect of

their deployment ‘evokes deeply held beliefs about the proper place and role of

humans in the order of the cosmos’ (Carr, 2018: 66); beliefs that are embedded in

traditional Indigenous cosmologies, religious beliefs, and some secular philosoph-

ical worldviews. This section thus focuses on the potential limits and risks of

technologies designed tomanipulate the planet’s climate intentionally – commonly

known as ‘geoengineering’, ‘climate engineering’, or ‘climate intervention’ –

while juxtaposing them with traditional and Indigenous insights and claims. In

addition, the section reflects upon some of the roles of Indigenous peoples and

other local communities (IPLC) in combating climate change, and the challenges

they face. By doing so, it illustrates the notion of the pluriverse addressed in the

previous section and shows that neither top-down technology nor IKLS alone can

achieve the endpoint of enhancing the living conditions of people in the

Anthropocene; as previously argued, both are necessary strategic entry points for

navigating the challenges of the new geological epoch.

4.1 Climate Engineering Proposals: A Brief Overview

Climate engineering proposals are commonly divided into twomain categories: (a)

CDR, also referred to as negative emissions technologies (NETs) or remediation

technologies, and (b) SRM, also referred to as albedo modification or solar

geoengineering, the former category referring to techniques designed to remove

CO2 from the atmosphere and the latter to techniques oriented to cool the Earth by

modifying the reflectivity of the planet. Examples of the main proposals within

both categories are summarized in Table 1.

CDR addresses the root cause of anthropogenic climate change and can be

seen as a subset of mitigation (Heyward, 2013). Some of its options ‘fall under

the category of geoengineering, though this may not be the case for others, with

the distinction being based on the magnitude, scale and impact of the particular

CDR activities’ (IPCC, 2014: 119). In turn, SRMwould be like a palliative, as it

is not designed to alter the concentration of greenhouse gases (GHG) in the

atmosphere, but to lower the temperature rapidly by reducing the amount of

energy from the sun that is absorbed by the planet. Consequently, SRM tech-

niques would not contribute to reversing pressing problems such as ocean

acidification, which can disrupt marine ecosystem functioning; additionally,

SRM could trigger unintended environmental effects, such as changes in the
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hydrological cycle and precipitation patterns at a global scale (Doney et al.,

2009; NRC, 2015b; The Royal Society, 2009).

Given its potential high effectiveness and affordability, stratospheric aerosol

injection (SAI) is the most debated SRM technique; however, there are still

significant uncertainties on the potential impacts of SAI deployment, including,

for example, the risk of ozone depletion, negative impacts on agriculture in

different regions of the world, modification of monsoons with impacts on food

supply, or a decline in solar energy production due to sunlight reduction (NRC,

2015b; The Royal Society, 2009). Marine cloud brightening, another proposed

SRM technique, which would imply enhancing cloud-condensation nuclei

concentrations to increase cloud reflectivity and lifetime over parts of the

ocean, could also have heterogeneous effects over different regions, induce

changes in weather patterns with impacts on major climate cycles such as the El

Niño oscillation, or disturb marine ecosystems with effects on fish availability

and cloud formation mechanisms. Other SRM techniques have been much less

discussed, either because of their expensiveness (e.g. space reflectors) or low

effectiveness and affordability (e.g. urban albedo modification), or because not

enough is yet known about them (e.g. cirrus clouds manipulation) (NRC,

2015b; The Royal Society, 2009).

Table 1 Summary of main climate engineering proposals

CDR

• Reforestation/Afforestation
• Bioenergy with carbon capture and storage (CCS)
• Enhanced weathering (land)
• Enhanced weathering (ocean)
• Ocean fertilization
• Direct air capture and sequestration

SRM

• Surface albedo modification (urban/desert)
• Marine cloud brightening (MCB)
• Stratospheric aerosols injection
• Space reflectors
• Cirrus clouds manipulation19

Source: Elaborated by the Authors based on Royal Society (2009) and NRC
(2015a, 2015b)

19 This technique implies the thinning of cirrus clouds to reduce either their heat trapping capacity
or their removal, which would have a cooling effect on the planet. According to the IPCC AR5
glossary, although not strictly speaking SRM, this technique can be related to SRM. A more
appropriate category to frame cirrus clouds manipulation (CCM) would be, for example,
Radiation Management (Rickels et al., 2011).
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CDR techniques are generally seen as less risky but more expensive (except

for reforestation and afforestation) and having a much slower temperature

response, requiring massive global efforts to produce measurable climate

effects. It should be noted, however, that some CDR options have also been

associated with major planetary risks – for example, ocean fertilization could

affect the marine food web and fisheries of different ocean regions, stimulate the

production of neurotoxins that could harm many marine forms of life and even

humans or change the biogeochemistry of the oceans in a way that could

neutralize the climate positive effect of the uptake of CO2 or even trigger the

release into the atmosphere of substances harmful to stratospheric ozone. Land

management approaches, such as reforestation and afforestation, although

ready for deployment with a broad understanding of risks, have relatively

limited potential. Carbon capture and storage technologies are the basis of

bioenergy production with carbon capture and storage (BECCS) and direct air

capture and sequestration (DACS) proposals. They are designed to collect CO2

through chemical processes (in the case of BECCS, for example, at power plants

where biomass is burned for electricity, and in the case of DACS by scrubbing

CO2 directly from ambient air) and then transport and store it underground in

geological reservoirs. In addition to risks of leakage and induced seismicity,

much more technological development is needed to improve CCS reliability

and make it economically viable to scale up globally. The BECCS in particular

adds to the equation all the well-known challenges associated with bioenergy/

biofuels, including resource requirements for growing crops (e.g. water and

fertilisers), additional emissions from transportation, and, as shall be seen in the

next section, trade-offs with food production, natural habitats, and biodiversity.

The DACS, in turn, adds the question of high costs (NRC, 2015a; The Royal

Society, 2009). Other CDR techniques include enhancing natural rock chemical

weathering reactions that trap atmospheric CO2 into new stable products by, for

example, ‘spreading large amounts of pulverised silicate and/or carbonate

minerals onto warm and humid land areas . . . or onto the sea surface’ (Bach

et al., 2019: 2–3) – to have a significant impact, these processes would require

large energy inputs for mining, processing, and transportation, but could be

beneficial in reducing ocean acidification by increasing alkalinity and could

impact positively on agriculture by improving crop yields and preventing

erosion; however, many potential side effects are still understudied (Bach et

al., 2019; NRC, 2015b; The Royal Society, 2009).

The implementation of these methods and techniques raise significant ethical

and political issues that have been the subject of numerous debates over the past

years. The next section turns to them.
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4.2 The Ethics and Politics of Climate Engineering: A Contested
Terrain

Some argue that climate engineering, particularly the SAI technique, could be

used as a temporary measure to protect the planet against the effects of danger-

ous climate change while buying time for effective mitigation policies

(MacMartin et al., 2018). The ‘buying time’ argument is also used by ecomo-

dernists, who envisage a future where breakthrough technological innovation

(e.g. technologies to manipulate matter freely at the molecular level) frees

humanity from its dependency on the Earth’s fragile ecosystems and makes

universal prosperity possible. As such revolutionary technologies may not be

available for many decades, climate engineering, and SRM in particular, would

allow us to live through the meantime, without compromising the right to

development of the poorest (Karlsson, 2020).

It is also frequently argued that if confronted with dangerous, unmitigated

climate change, humanity should opt for SRM implementation. That would be

the lesser of two evils, especially given the facts that deployment may be

necessary to mitigate tensions arising from such a scenario and that the most

adverse effects of accelerated climate change would affect the world’s poorest

the most – consequently, implementation would help the most vulnerable, thus

being a moral imperative and a humanitarian act (Keith, 2013; Lawrence and

Crutzen, 2017; Parson, 2017a, 2017b). However, it is uncertain whether such

claims are true, as there are, as seen in Section 4.1, many unclear side effects

associated with deployment (Hulme, 2017). Moreover, those effects could

become a source of conflict (Rabitz, 2016). States which would have been

negatively affected by the use of the SAI technique, for example, could demand

compensation or retaliate. In addition, as SAI could be implemented at a

relatively low cost, minilateral climate engineering action is a plausible possi-

bility (Zürn and Schäfer, 2013).

The potential negative side effects related to implementation of climate

engineering technologies such as SAI could outweigh the benefits of rapid

and easy deployment (Ott and Neuber, 2020). Additionally, some argue that

calculations of the economic benefits of deploying SAI usually ignore the

expensive costs associated with the required equipment to ensure protection

against violent civil protesters, cyberattacks, or warfare (Lockley, 2019), which

leads us to another commonly voiced criticism against the use of the SAI

technique, that is the possibility of a termination shock. If SAI was deployed

as a substitute for ambitious mitigation policies, the concentration of GHGs in

the atmosphere would continue to rise; if for some reason, such as social or

political turmoil or a natural disaster, aerosol injection into the atmosphere was
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stopped abruptly, the consequences would be catastrophic. Some of those who

consider the possibility of deployment wrongly assume that states would have

the capacity to implement, control, secure, and terminate SAI. However, that

capacity is uncertain. As observed by Zürn and Schäfer (2013: 266), climate

engineering is trapped in a paradox,

which consists in the circumstance that exactly those technologies that are
capable of acting fast and effectively against rising temperatures at compara-
tively low costs, are also the technologies that are likely to create the greatest
amount of social and political conflict.

In fact, the real prospect of implementation could aggravate tensions between

the North/China and many developing countries, as the latter could accuse the

former of continuing to skip their mitigation and financing responsibilities

while making risky technological decisions whose potentially dangerous

impacts would be felt more intensely by the world’s poorest populations and

middle-income countries, which have contributed the least to climate change.

For these reasons, some Indigenous communities, for example, reject the

humanitarian argument in favour of deployment (ETC Group, 2018). Here,

the question of intentionality would be fundamental, as those who would be

deploying climate engineering techniques would be doing so with the unequivo-

cal intent of modifying the climate, knowing the risk of triggering potentially

worse effects than those associated with uncontrollable global warming.

Climate engineering would make the weather attributable to somebody

(Corry, 2017). The tensions arising from such a scenario could further under-

mine the necessary multilateral climate cooperation on mitigation and adapta-

tion. It should also be noted that the risk of exacerbating existing disagreements

is made further relevant by the marginalization of developing countries in

knowledge production and the insufficient inclusion of their concerns into

existing scientific assessment reports (Biermann and Möller, 2019).

Accordingly, there is a ‘security hazard’ associated with the implementation

of technologies such as SAI – ‘in an attempt to gain security against future risks,

new technologies can create security problems that compromise the original

aim of preventing risk’ (Corry, 2017: 301). Consequently, even if, as some

argue, the possibility of a termination shock is being overplayed within climate

engineering debates, as there would be numerous ways of preventing it (see, for

instance, Parker and Irvine, 2018; Rabitz, 2016), the possibility of a security

hazard raises another significant ethical challenge – confronted with unmiti-

gated climate change, future generations would be forced to choose between

continuing to operate SAI, with potentially negative side effects, or accepting
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accelerated climate change and suffering its destructive impacts (Ott and

Neuber, 2020).

Despite all the risks and uncertainties, given the gravity of the climate crisis

and the insufficiency of the remaining options available, over the past few years

the research community on SRM has shifted from proposing it as an emergency

‘Plan B’ in case of sudden climate warming, to see it as a complementary tool to

mitigation, adaptation, and advocating for CDR to be used in the second half of

the century. Yet, as a consequence of the passive stance adopted by most

governments towards the issue, there are no explicit regulations to govern

SRM. The field is being loosely, spontaneously governed by a mix of inter-

national agreements designed for other purposes (e.g. the Convention on the

Prohibition of Military or Any Other Hostile Use of Environmental

Modification Techniques, the Convention on Biological Diversity (CBD), and

the Convention on the Prevention of Marine Pollution by Dumping Wastes and

Other Matter (the London Convention)) and by the scientific community

(Talberg et al., 2018).

Regarding CDR implementation, and afforestation and BECCS in particular,

there are critical, still poorly recognized issues to consider when debating the

ethics and politics of those proposals. Relying on land for tackling the climate

crisis implies significant trade-offs with environmental and biodiversity protec-

tion and social justice goals, as even in more optimistic mitigation scenarios

afforestation and BECCS are scaled up to a level that could both significantly

reduce natural lands, which would impact on biodiversity, and the availability of

productive agricultural land, thus raising food security concerns, and comprom-

ise traditional livelihoods; it could also conflict with local water consumption

needs (Dooley et al., 2018). In addition, scenarios compatible with the tempera-

ture targets of the Paris Climate Agreement depend partly on the use of

afforestation and BECCS, but investments from the private sector are still too

low and no institutional or governance structures for dealing with CDR imple-

mentation exist (Fuss et al., 2016). Implementing BECCS globally, for example,

will require a sharing of responsibilities between states and the design of

institutional arrangements that can incentivize and monitor biomass production,

energy generation, and carbon storage. Additionally, as large-scale deployment

of BECCS could exacerbate the problem of land competition – peasant and

Indigenous lands, in particular, may be grabbed and exploited for climate

engineering experiments and deployment – political coordination and global

governance of land are of the utmost importance (Minx et al., 2018).

Regarding socio-ecological justice issues associated with CDR, Morrow et

al. (2020) stress that decisions on implementation must be based not only on

each project’s carbon capture capacity and associated financial costs but also on
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its potential impacts on people and nature as well as on transparency, so that the

social and environmental burdens associated with such projects do not fall on

those who are least responsible for the climate crisis. For Brack and King (2020:

1), the sustainable development and deployment of CDR technologies requires

‘abandon[ing] the assumption . . . that BECCS is the pre-eminent carbon

removal solution, and analyse it alongside all other . . . [CDR options], on the

basis of full lifecycle carbon balance . . . as well as other ecosystem and

sustainability co-benefits and trade-offs’.

Since the availability of CDR within climate models displaces some mitiga-

tion, an implicit, rather than actual, policy bet on those technologies risks

creating a future need for ever increasing large-scale implementation that, if

feasible, would have significant risk–risk trade-offs, and, if not, would create

path dependencies and lock in worse climate-related harms. In fact, there is

substantial scepticism regarding projections assuming, for example, a doubling

of the current global land emissions sink by the end of the century, an expect-

ation that ‘may greatly overestimate our collective ability to manage carbon

cycle flows, thereby risking doingmore harm than good’ (Minx et al., 2018: 21).

This leads us to another point of contention in the academic literature on climate

engineering.

For some, the belief that humanity can manipulate the global climate is hubristic

and dangerous. It is based on eco-managerial aspirations and excessive techno-

logical optimism; a belief that objectifies the Earth, fails to recognize humanity’s

intellectual, physical, and moral limitations, and underestimates the highly com-

plex, unpredictable, and potentially uncontrollable nature of socio-ecological

systems as well as our fragility and vulnerability to natural phenomena – to put it

briefly, the idea that the climate can be engineered lies upon the too bold assump-

tion that humans can fully dominate the planet (the ‘super agency’ of the human)

(ETC Group, 2018; Hamilton, 2013). Burke and Fishel (2019), for example, draw

attention to the intertwinement between the social and the natural worlds, and to the

unintended, unpredictable, and uncontrollable effects arising from human interfer-

ence with the Earth system’s fundamental processes – in other words, to the fact

that power and agency are not limited to humans, but rather distributed across

assemblages of human and non-human actors. As a result, ‘[h]umans now have

influence without control, agency without power; they create effects that escape

their immediate intent, or were not even imagined, which then turn back on them’

(Burke and Fishel, 2019: 97). Humanity should thus think and act more humbly

and cautiously. This debate is also frequently infused with ethico-spiritual

concerns – while for most advocates of climate engineering the human species is

an exceptional one and there are no limits to human development and expansion,

and large-scale climate interventions are simply onemore step in the long, ongoing
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process of technological evolution that has defined our development as a species,

for its opponentsmanipulating the climate constitutes a transgression of humanity’s

proper limits, a violation of nature’s integrity, an abomination, amounting to

playing God (ETC Group, 2018; Thiele, 2019). Some religions and Indigenous

cosmologies suggest a separation between the land, which is seen as the domain of

the human, and the skies, which belong to the gods (Donner, 2007).

In the ‘Hands Off Mother Earth’ manifesto against climate engineering,

Indigenous peoples ask for a recognition of their cosmovisions and inherent

rights, ‘including the right of Self Determination to defend their communities,

ecosystems and all life from geoengineering technologies and practices that

violate the natural laws, creative principles and the Territorial Integrity of

Mother Earth and Father Sky’ (ETC Group, 2018: 6). They also call for a

serious consideration of alternative models and scenarios for achieving the

temperature goals of the Paris Climate Agreement, and the inclusion into

debates and decision-making of other sources of knowledge and experience,

including their own – a point to which we will return in the next section. On the

opposite side of the debate, late environmentalist James Lovelock (2019)

believed that the planet would soon be entering a new epoch, the Novacene,

in which the exponential growth of technology – artificial intelligence in

particular, with super intelligent cyborgs overtaking humans – would help

humanity overcome the ecological crisis (see also, for instance, WEF, 2017).

Critics also argue that climate engineering depoliticizes the climate crisis,

being a ‘techno-fix’ for a political and social problem, and that it promotes

authoritarianism; deployment, particularly of the SAI technique, would risk

democracy, as governing and decision-making processes would need to be

centralized and could easily be controlled by engineers and climate scientists,

which would reduce political accountability and the space for ideological

contestation, and limit the possibilities for political and societal transform-

ation (ETC Group, 2018; Hulme, 2014). In other words, the use of climate

engineering technology risks reproducing the unequal power relations that

prevent us from encountering new possibilities of knowing and being on the

planet; as argued in Section 3, knowledge and society are in a mutually

constitutive relationship. Arguing against such criticisms, Horton et al.

(2018: 7), for example, assert that the idea that climate engineering endangers

democracy is based on the flawed assumption that ‘a technology possesses

inherent political attributes that predetermine how it enters into and reshapes

social and political life’.

The debate on the potential and risks of climate engineering illustrates how

technology can be both part of the problem and the solution to the crises of the
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Anthropocene, hence the need to enlarge our capabilities by acknowledging

multiple entry points to address the challenges we face.

In light of all the potential risks and associated controversy, more recent work

has focused on how to make SRM feasible, morally acceptable, or just. For

example, Grasso (2019) draws attention to the imperative of including the ideals

of legitimacy and procedural justice as well as considerations of international

and intergenerational distributive justice into governance as a means to increase

public participation and thus minimize the risk of technocratic or elite domin-

ation, and ensuring an equitable allocation of burdens and benefits associated

with deployment. Svoboda et al. (2019) discuss the human rights challenges

related to climate engineering, arguing that research and potential implementa-

tion must be guided by insights and frameworks of the human rights realm.

Whyte (2018), in turn, points to the fact that existing discourses on the ethics

and justice of climate engineering in general are not entirely salient to at least

some Indigenous peoples, as they fail to deal with issues pertaining to colonial

domination and other forms of oppression that are at the heart of their struggles,

and which play a central role in exacerbating climate vulnerability.

Consequently, a conversation on climate engineering that obscures the topic

of Indigenous self-determination limits any possibility of widespread

Indigenous endorsement of those technologies. These arguments take us back

to the previous section’s discussion on epistemological parity and knowledge

co-production via joint problem framing, knowledge integration, and experi-

mentation as means to empower marginalized communities as well as emanci-

pating those who represent transformative sustainability paradigms and can

contribute different understandings of how to live in the new geological epoch

(Pereira and Terrenas, 2022).

The next section looks in more detail at the issues mentioned above and

addresses the role of IPLC in providing climate change mitigation solutions.

4.3 IPLC and Climate Change Mitigation: Potential and Challenges

Despite the minimal contribution of IPLC to climate change, their communities

are among the most affected by its adverse impacts. These peoples’ livelihoods

are highly dependent on local biological diversity and ecosystem services; their

identity, socio-economic and cultural systems, and ecological knowledge are

intricately connected to their environment and lands. They often inhabit fragile

ecosystems, such as tropical forests, that are located predominantly at econom-

ically and politically marginal regions. Many IPLC are among the most mar-

ginalized, impoverished, and vulnerable communities in the world, often

lacking access to resources and political and institutional support to assist
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them in their efforts to cope with environmental shifts resulting from a changing

climate, which aggravates their vulnerable condition. Climate change not only

threatens the livelihoods of IPLC, it also risks the erosion of Indigenous social

and cultural life and the loss of traditional knowledge (Nuttall, 2012). However,

IPLC have been struggling for recognition as more than victims of climate

change; they aim to be seen as agents of environmental conservation and key

actors in the quest to mitigate climate change, a claim that is inextricably linked

to their struggles for autonomy and land tenure rights as well as recognition of

ILKS (Cuffe, 2021; Etchart, 2017). As seen in Section 3, the issue of ILKS is

about empowerment (i.e. changing power relations).

Land is both a source of GHG and a climate change solution – between 2007

and 2016, agriculture, forestry, and other land use accounted for nearly a

quarter, and sequestered approximately a third, of global anthropogenic emis-

sions (IPCC, 2019). Forests and other nature-based solutions to climate change

mitigation could provide approximately 30 per cent of the CO2 reductions that

are needed by 2030 to help ensure that global warming is kept below 2°C

(Seddon et al., 2019). In the land sector, curbing deforestation and forest

degradation has been identified as the measure with the largest potential for

reducing GHG emissions; regarding carbon removal, when ‘using best practices

in appropriately managed landscape systems that allow for efficient and sus-

tainable resource use and supported by appropriate governance mechanisms’,

reforestation of degraded land, for example, has been associated with positive

socio-environmental impacts (IPCC, 2019: 29). The IPLC play an important

role in this domain. The forests of the Amazon, Canada, western Siberia, South-

East Asia (Indonesia, Borneo), north-west North America, and the Congo basin

are major sources of irrecoverable carbon (i.e. the carbon that must not be

released into the atmosphere if humanity is to reach net-zero emissions by mid-

century); nearly a third of irrecoverable carbon is managed by IPLC (Noon et

al., 2022) and their knowledge and practices ‘bring insights of great relevance

for ecosystem governance, as in controlling deforestation, reducing carbon

dioxide emissions, understanding climate change and sustaining and restoring

resilient landscapes’ (UNDP, 2020: 34). These actors’ contributions to climate

change mitigation could be strengthened with the implementation of land tenure

security policies (IPCC, 2019; Noon et al., 2022).

A large, growing body of literature indicates that securing Indigenous/local

tenure has beneficial impacts on forest management; there is mounting scientific

evidence that the outcomes associated with local forest management are as good

or outweigh those for areas administered by the state or private entities, includ-

ing protected areas (see the literature review by Seymour et al., 2014). For

example, across the Amazon, more than 90 per cent of Indigenous land was a
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carbon sink between 2001 and 2020; in Brazil, Bolivia, and Colombia, the

average annual deforestation rates of the period 2000–2012 in Indigenous

territories were two to three times lower than in land not managed by

Indigenous peoples, and estimates indicate that through forest land tenure

security, those three countries could respectively avoid the emission of nearly

thirty-two, eight, and three MtCO2 per year (Veit, 2021). Large, well-managed

community lands that are secure and protected display low deforestation rates

and capture more carbon than disturbed forests; moreover, securing community

land has been identified as a cost-effective climate solution, and would enable

the preservation, development, and transfer of traditional knowledge within and

between different communities worldwide (CIF, 2019; Veit, 2021). The contri-

bution of Indigenous peoples to carbon storage ‘is an example of how local

decisions and nature-based solutions can add up to substantial easing of planet-

ary pressures’ (UNDP, 2020: 201). Securing community land and supporting

forest management by IPLC are both complementary and alternative measures

to deployment of climate engineering CDR techniques that would reduce our

future implementation needs of those technologies and, as a consequence, the

risk of trade-offs with social justice goals and biodiversity protection. At the

same time, Indigenous relational and eco-centric values are a powerful basis to

inform the development and use of technology in a safe and ethical manner, and

help societies address the root causes of climate change and the degradation of

the planet’s ecosystems. As observed in previous sections, traditions and ILKS

are important potential social tipping points for transformative change towards

sustainability (Pereira and Terrenas, 2022).

Agroforestry, sustainable land management, and the protection of coastal

ecosystems for disaster risk reduction are examples of nature-based solutions by

IPLC that contribute to human development, ecosystem integrity, and climate

change mitigation. Agroforestry provides sustainable livelihoods for small

farmers, ensures food security, preserves and increases biodiversity, maintains

soil fertility, and plays an effective role in removing and storing CO2 from the

atmosphere (UNDP, 2020; see also Bernal et al., 2018; De Stefano and

Jacobson, 2018). Sustainable land management increases community resilience

and ensures the continued availability of food, water, and other natural goods,

while safeguarding the ability of tree species to regenerate, enhancing carbon

sequestration and storage. The protection of coastal ecosystems for disaster risk

reduction mitigates the impacts of extreme weather events on human settle-

ments, supports unique and rich ecosystems and biodiversity, and preserves

stored carbon (UNDP, 2020). To be applied as effectively as possible, and

ensure local benefits, these and other practices should be improved through

adequate policies that make practical and constructive use of local community
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input, combining traditional knowledge and modern science, as ‘traditional

knowledge alone may be insufficient to address climate change even in regions

where it has proven effective’ (CIF, 2019).

These examples show ILKS’s potential to provide answers to the climate

challenges we face (IPCC, 2022). To scale-up nature-based solutions,

empowering locally led action that is built on respect for the rights of IPLC

and holding international and regional consultations aimed at compiling infor-

mation on best practices that can inform global action are key. The strengthen-

ing of local actors depends on legal rights frameworks, devolution of

responsibilities and budgets, capacity building, consistent application of safe-

guards in planning and implementation, and collaboration mechanisms (UNEP,

2022). These mechanisms point to the importance of strong institutions and

public authorities capable of enforcing legal frameworks and upholding IPLC’s

rights of access to their traditional territories, alongside dialogue spaces wherein

stakeholders, including vulnerable and powerless actors, produce regulations to

prevent over accumulation of land and over exploitation of natural resources

(Gabay and Alam, 2017).

It is important to note, nevertheless, that the roles and potential contributions

of IPLC to climate change mitigation have been highly undervalued by most

societies (UNDP, 2020). The literature on how to mobilize traditional know-

ledge for mitigating climate change is still sparse, as the importance of trad-

itional knowledge in tackling the problem has only recently been recognized

(CIF, 2019). Additionally, despite some advances in recent years, Indigenous

peoples are still often sidelined at global climate conferences (Cuffe, 2021) and

few international climate funds directed towards land tenure and forest man-

agement reach communities on the ground, with international NGOs, develop-

ment agencies, and consulting firms receiving the bulk of the resources

available (Davis et al., 2021; Veit, 2021). Most importantly, the vast majority

of the world’s community land is either not formally recognized in national laws

or is held by communities under customary tenure arrangements, which makes

their territories vulnerable to expropriation for predatory economic activities.

As global demand for commodities intensifies, land disputes between IPLC, on

the one side, and governments and companies, on the other, and territorial

encroachment from illegal actors are becoming more frequent and growing

more dangerous; murders of Indigenous and other environmental and human

rights defenders are on the rise (Pereira and Viola, 2022; Veit, 2021).

Aggravating the situation further, protections for IPLC have been dismantled

by governments around the world through the implementation of policies

designed to boost economic recovery in the context of the Covid-19 pandemic

(Dil et al., 2021).
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Land tenure insecurity makes IPLC more vulnerable not only to disposses-

sion for extractive activities and to climate change impacts but also to climate

engineering CDR projects such as large-scale afforestation and BECCS, and

nature-based solutions like protected area expansion, which frequently intersect

with the territories of IPLC. Policies and projects that are implemented without

collaboration or the consent of the affected communities can create significant

local opposition as, in many cases, such actions are perceived as ‘carbon

colonialism’ and a threat to land rights. At the same time, failure to recognize

the role that communities on the ground play in climate change mitigation and

to invest in the capacity of IPLC to develop their own ‘culture-and-nature-based

solutions’ – including carbon removal activities – on their lands significantly

limits the potential for building critical synergies between local well-being,

ecosystem conservation, and the mitigation of climate change, and promoting

transformative change (Townsend et al., 2020; Tugendhat, 2021).

We saw earlier in this Element that at the twenty-sixth Conference of the

Parties (COP) of the UNFCCC more than 140 countries accounting for over 90

per cent of the world’s forests signed the Glasgow Leaders’ Declaration on

Forests and Land Use, committing to halt and reverse forest loss and land

degradation by 2030. The Declaration recognizes that meeting global land

use, climate, biodiversity, and sustainable development goals requires support

for IPLC (UKGovernment andUnited Nations Climate Change, 2021a).Within

this context, a few developed countries and eighteen funders collectively

pledged to invest $1.7 billion to assist IPLC in their efforts to protect biodiverse

tropical forests (UK Government and United Nations Climate Change, 2021b).

This is a step in the right direction. However, as previously seen, in the absence

of mechanisms to ensure that funds reach communities on the ground, it is

unrealistic to expect that international assistance leads to transformative change

and improved local well-being; a new, bottom-up global climate finance frame-

work is needed (Davis et al., 2021). Moreover, few climate pledges under the

Paris Climate Agreement explicitly acknowledge the contributions of IPLC and

fewer yet include land tenure security and support to local forest management as

important measures to achieve CO2 emissions reductions (Veit, 2021). It should

also be noted that the Glasgow Declaration is vaguer than the 2014 New York

Declaration on Forests, under which forty countries pledged to halve natural

forest loss by 2020 (United Nations Climate Summit, 2014), a target that was

missed by a large margin. There is still a long way ahead. Notwithstanding

recognition of IPLC’s culture and knowledge, the UNFCCC has historically

focused on climate technology progress, hence the need for spaces wherein

knowledge and solutions are co-produced between ILKS and technology.
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The quest for a safe climate future is full of challenges, uncertainties, and

controversies. Yet there is at least one certainty: if climate engineering and other

technological solutions to climate change are to contribute to the enhancement

of individual and collective living conditions in the Anthropocene, they must be

considered alongside the roles, well-being, and rights of IPLC, connecting

worlds and knowledge systems to look for alternative pathways for humanity.

5 Ocean Governance

Covering about 71 per cent of the Earth’s surface, the ocean is a giant set of

multiple ecosystems connected to land and the atmosphere. Amongst the

services it provides are temperature regulation and carbon storage; thus, it is

considered a critical planetary support system (IOC, 2020; IPCC, 2019).

Despite that, ocean science is still an underdeveloped discipline compared to

life sciences (Levin and Poe, 2017; Polejack, 2022) and to geopolitics (Jones,

2021; Sullivan and Cropsey, 2018). The growing importance of the so-called

blue economy and related issues revolving around ocean environmental protec-

tion and resource management has pushed maritime security to the top of the

agenda of major global security actors (Bueger and Edmunds, 2017). This was

accompanied by calls for a much more substantial treatment of maritime

security in the academic discourse, including calls to move beyond ‘seablind-

ness’. Sullivan and Cropsey (2018: 2) define seablindness as the failure of states

to recognize ‘the oceanic foundation of their commerce and security’. While

state authorities and private companies have used technologies to explore

marine mineral and biological resources further, traditional and local commu-

nities have become increasingly threatened by large-scale economic activities.

Looked at from the perspective of IPLC, two lessons stand out: they do not

know seablindness, and they do not necessarily perceive the ocean as the victim

of human activities; on the contrary, the ocean provides for their livelihoods. As

such, IPLC consider the ocean both as the cradle of life and the saviour of

humanity. Consequently, protecting the ocean means protecting their liveli-

hoods and protecting humankind at the same time.

The IPLC knowledge, practices, beliefs, and fears have led to a relationship

with the ocean that may be considered very different from state and market-led

initiatives. New Zealand’s Māori, for example, use whakapapa as their ‘genea-

logical connections’ to the universe (Rameka, 2018). Andean communities

from Peru, Bolivia, and Chile worship Pachamama (Mother Earth). Those

systemic and intergenerational relationships also have implications for how

younger generations learn about their responsibilities and how ‘future gener-

ations’matter in building capabilities (Watene, 2013). Capabilities involve both
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the short term and the long term. At the same time, connecting the individual,

community, and systemic levels across time and space is critical for capability

building.

Countries have recognized different communities formed by their own his-

tory and culture, as was discussed in multilateral meetings such as the Earth

Summit in 1992. Concerning the ocean, Indigenous people and local communi-

ties usually live close to mangroves or other fragile ecosystems which they have

taken care of over several generations. Mangroves, for instance, are excellent

carbon sinks and should remain commercially unexplored. However, the recog-

nition of communities within the national territory does not mean they are

autonomous and sovereign, despite the calls of the 1992 Earth Summit. For

example, Article 8 j of the 1992 UN Convention on Biological Diversity

commits the contracting parties, as far as possible and as appropriate, and

subject to their national legislation, to

respect, preserve and maintain knowledge, innovations and practices of
indigenous and local communities embodying traditional lifestyles relevant
for the conservation and sustainable use of biological diversity and promote
their wider application with the approval and involvement of the holders of
such knowledge, innovations and practices and encourage the equitable
sharing of the benefits arising from the utilization of such knowledge, innov-
ations and practices.

In the same vein, the 2023 Biodiversity Beyond National Jurisdiction Treaty

(BBNJ)20 recalled the United Nations Declaration on the Rights of Indigenous

Peoples and local communities in its preamble. In Article 5, on general prin-

ciples and approaches, it calls for ‘[t]he use of relevant traditional knowledge of

Indigenous Peoples and local communities, where available’. The BBNJ text

mentions Indigenous peoples thirty-three times and local communities thirty-

one times. It also mentions climate seven times, enabling a broader pathway for

the treaty implementation process.

What are the implications for ocean governance? Apprehending ‘communi-

ties’ from these different perspectives and exploring how they intersect (or not)

with each other, and decision-makers at the national, regional, and multilateral

scales, is of critical importance. While communities contribute to the formation

of complex socio-ecological systems (Levin and Poe, 2017), they do not

necessarily have a voice in national and multilateral arenas. Even though the

UN GEO 6 (Global Environmental Outlook Report, 2019) has shed light on

20 Draft agreement under the United Nations Convention on the Law of the Sea on the conservation
and sustainable use of marine biological diversity of areas beyond national jurisdiction
(advanced, unedited PDF). www.un.org/bbnj/.
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some aspects of their existence and interests, IPLC participation in the World

Trade Organization, Food and Agriculture Organization (FAO), UN

Development Program (UNDP), and UN Environment Program (UNEP) is

hardly comparable.

In some recent cases, Small Island Developing States (SIDS), Pacific Small

Islands Developing States, and Caribbean Islands (CARICOM) have been

participating in key multilateral talks such as the biodiversity and climate

regimes, as well as the BBNJ treaty negotiations. Yet, this has not been the

case in other regimes related to shipping, fishing, tourism, and geopolitics in

general. Furthermore, deep-sea mining is a completely different case, since

Nauru, Tonga, Cook Islands, and Jamaica signed exploration contracts with the

International Seabed Authority (ISA).21 They are individual small island coun-

tries working with high-technology stakeholders.

For the ongoing treaty-building negotiations within the ISA, IPLC are usually

either invisible or dependent on diplomats of like-minded countries and other

authorities.22 In fact, one of the most challenging political issues is the repre-

sentation of minorities and local stakeholders in national decision-making

processes. As curious as it may seem, IPLC leaders often need to travel abroad

to call the attention of international stakeholders in order to get some visibility

in their own country. This is the classical ‘boomerang effect’ as described by

Keck and Sikkink (1998). Therefore, even if IPLC have some voice at the local

level, they struggle to be heard at the domestic and multilateral scales.

Sustainable or community fisheries arrangements are generally the most fre-

quent examples worldwide.

Global governance involves many worlds from the local to the global levels,

with different knowledge systems (Hurrell, 2007; Inoue, 2018). Consequently,

there is indeed a need to build more inclusive processes and spaces, a need to

facilitate ontological plurality and epistemological parity, as discussed in

Section 3. We argue in this Element that the enhancement of individual and

21 There were twenty-two contractors and thirty-one contracts in July 2023. www.isa.org.jm/
exploration-contracts/. Accessed 14 July 2023.

22 Concerning the ocean, there were two treaties under negotiation in 2023: The International
Seabed Authority ‘Mining Code’ and the Biodiversity beyond National Jurisdiction Treaty
(BBNJ). They were expected to be open for signature in 2020, but negotiations were postponed
because of the Covid-19 pandemic. The BBNJ has a final text that was open for signature in
2023. Concomitantly, the Treaty on the Prohibition of Nuclear Weapons (TPAN) entered into
force in January 2021 with the support of NGOs. The TPAN is interesting for our debate for three
reasons. First, existing nuclear weapons are sufficient to kill all forms of life on Earth, but
participation in multilateral negotiations was a privilege for senior diplomats and army officers.
Second, many nuclear tests were carried out in the deep ocean, but the damages of radioactivity
are still underexplored. It shows how the ocean was used as a ‘free place to destroy’ and how
islanders and marine life were removed from their islands or ignored. Third, state security
prevailed over environmental health.
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collective living conditions, within planetary boundaries, needs to be at the

centre of governance processes and practices. In this context, we seek to address

the question of how to create capabilities by exploring the two different entry

points of technology and ILKS.23

This section substantiates our main argument by starting with some critical

reflections on the capabilities approach in relation to ocean governance. It then

contextualizes the conceptual foundations of global governance, arguing that

the framework was developed from a top-down rather than bottom-up perspec-

tive. As a result, global governance does not leave a lot of conceptual space for

the capabilities approach and ILKS to study the complex dynamics of socio-

ecological systems responding to the uncertainties and rapid changes as pre-

dicted by the scientific community (IPBES, 2019; IPCC, 2023). At the same

time, the contemporary ocean governance science–policy interface – as elabor-

ated in the following section – very much excludes ILKS from governance

practices and processes (see Jaeckel et al., 2023 for the case of deep-sea

mining). The section continues with a discussion of how to develop capabilities

for ocean governance. It concludes with some thoughts about challenges and

opportunities, as looked at from the SCF.

5.1 Why Capabilities Matter to Ocean Governance

Social inequality, and with it poverty, correspond to a lack of capabilities

(Alkire, 2002; Binder, 2016; Day et al., 2016; Nussbaum, 2004; Sen, 1988,

2005; Stewart, 2005; Tonon, 2018). In this context, the capability approach is

essentially an overarching normative framework for the design of policies and

social arrangements, and for social change in society (Robeyns, 2005), identi-

fying the ends and means of economic development (Day et al., 2016). Among

the capabilities that are necessary for more effective and equitable ocean

governance, ocean protection seems to be the most relevant. Others are

human adaptation and preparedness, equitable access to and sharing of infor-

mation, sustainable use of resources, and the development of sustainable solu-

tions and innovations.

Consequently, the SCF – embracing technology and ILKS as entry points –

has to take into account that different communities have different needs, since

they are not all equally affected by socio-ecological system change. Also, they

face different risks related to the unsustainable use of ocean resources.

Certainly, the relationship amongst technology and ILKS producers has never

been easy. Historically, since the fifteenth century, state authorities and private

23 In this context, this section will use ILKS as a broad canvass to encompass all the diversity of
knowledge production and use, recognizing that this is a fairly large simplification.
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companies have used technology to project power and further explore marine

mineral and biological resources. As a result, IPLC have becomemore andmore

threatened by predatory economic initiatives, engendering the blue risks dis-

cussed below.

On the one hand, technoscience and technological progress has enabled faster

and cheaper access to marine resources, leading to what has been called the

‘blue acceleration’ scenario (Blasiak, 2020; Jouffray et al., 2019).

Technological solutions can also contribute to producing better public goods,

for example in the management of marine life, fish stocks, and coral reefs

(Sarkar et al., 2021).24 However, technology is relatively expensive for local

communities, and the diffusion is slow. Usually the ‘best available technology’

only exists as an aspiration in multilateral treaties. Either the available marine

technology is not the best or it is only available for those who can afford it.

Consequently, the ‘blue acceleration’ paradigm tends to reproduce the patterns

of first arrived, first served global economic growth, coupled with social

exclusion and environmental damage. Therefore, it may be a key driver for

the exclusion of developing countries in the Global South. In sum, the ‘blue

growth paradigm’ (Bennett et al., 2021) may lead to more social inequality and

injustices, as discussed below.

On the other hand, the role of IPLC ‘in addressing and responding to climate

change and highlighting the urgent need for multilevel and cooperative action’

was recognized at the Glasgow Climate Pact (Decision -/CP.26).25 In this vein,

local communities (islanders, anglers, hunters, seafood catchers, and so on), as

well as Indigenous peoples, are partially isolated from scientific and techno-

logical progress, but they are holders of other types of knowledge and sustain-

able practices. One pertinent case is the El Niño phenomenon. It was identified

by South American fishermen a number of years ago when they noticed a huge

change in their catches, and then it was subsequently analysed by the scientific

community, establishing the connection between El Niño patterns and climate

change.

In sum, capabilities matter because the ocean has a direct influence on climate

change dynamics as the regulator of global temperature and the biggest carbon

sink. Solutions to ocean conservation and more sustainable use of marine

resources can be very innovative and high-tech, but also nature-based, notably

concerning carbon sequestration (Cohen-Shacham et al., 2016; Seddon, 2022;

Seddon et al., 2021). Different actions include sustainable and climate-smart

24 United Nations World Ocean Day 2023. https://unworldoceansday.org/.
25 26 Conference of the Parties (CoP 26, 2021). The advance unedited version, page 1. https://

unfccc.int/sites/default/files/resource/cop26_auv_2f_cover_decision.pdf.
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fisheries and aquaculture, restoration of ecosystems, development of renewable

energy, and shipping (Lecerf et al., 2021: 4).

5.2 Conceptual Foundations

Current scholarship on global governance helps to analyse Planet Earth as a

complex adaptive system. It also shows that we still must learn how to navigate

the Earth system in a more sustainable way. Not only have risks related to climate

change augmented, but also damages to socio-environmental systems have

spread worldwide (Dalby, 2020; Haas and Western, 2020; Rockström et al.,

2023). In fact, the Earth system has evolved continuously and has responded to

changes that require all species to adapt to the scenarios as presented by the IPCC

(AR6).26 Realizing this challenge, the scientific community has identified bound-

aries to protect a ‘safe operating space’ for Planet Earth (Foley, 2010; Rockström

et al., 2009a). Yet, the interconnectedness of those boundaries is still under-

recognized (Rockström et al., 2023).

The conceptual framework of global governance evolved significantly over

the years (Zelli and Möller, 2020). In the 1990s, it was mostly seen as a

theoretical effort to respond to the end of the Cold War as well as the associated

risks of a nuclear attack or a third world war. The consolidation of the Western

liberal order under UN auspices led to more pressure on ocean resources, under

the paradigm of ‘freedom of the seas’. In this context, global governance was

presented as the ‘new superstructure’ within which international organizations

and the rule of law would prevail over the use of force. Multilateralism would

naturally grow inside and outside the UN system to address collective action

problems. There was also a plethora of perspectives on the intensification of

networks taking advantage of information and communication technologies.

Therefore, old challenges needed to be addressed by an increasing number of

different and more diverse stakeholders in world affairs, which was thoroughly

debated at the 1992 Rio Summit. Broad participation was adopted as the

underlying principle of collective action to strengthen the legitimacy of envir-

onmental agendas around the world.

The turn of the century saw the adoption of new global commitments such as

the UN Millennium Development Goals (2000) and the subsequent UN

Sustainable Development Goals (2015). There was also a recognition of the

failure of global governance mechanisms to be inclusive and to address global

risks, such as climate change and human-made disasters (Guterres, 2019;

Rockström et al., 2023; WEF, 2017, 2021, 2023). Concerning the ocean, UN

Reports – notably IMO (2019), GEO (2019), and SOFIA (FAO, 2022) – have

26 International Panel for Climate Change Sixth Assessment Report. www.ipcc.ch/report/ar6/wg1/.
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shown year after year the failure to address challenges related to climate change,

overfishing, aquaculture, dredging, tourism, and others. Human activities

‘affecting the ocean are highly linked and interacting’ (Levin and Poe, 2017:

xxiii). They engender consequences such as overconsumption, pollution and

contamination, ocean acidification, marine debris, invasive species, biodiver-

sity loss, habitat degradation, and so on.

In this context of accelerated environmental degradation, Bennett and

Satterfield (2018) proposed an analytical framework for environmental govern-

ance that is divided into three main elements, namely:

▪ institutions (laws, policies, rules, and norms);

▪ structures (decision-making bodies, formal organizations, and informal net-

works); and,

▪ processes (decision-making, policy creation, negotiation of values, and con-

flict resolution).

Their framework is useful to highlight the limited space that is left for IPLC

within the global governance framework as well as the persistent challenges

related to UN members’ commitment to and compliance with international law.

In this context, are there ways to empower IPLC? Howwill IPLC have access to

technological innovations?

Since the diversity of stakeholders and their respective knowledge systems

are of fundamental importance to Earth system governance in general (Inoue,

2018) and ocean governance in particular, they should be part of the rule-

making processes in national and multilateral forums. In addition, if the negoti-

ators do not consider the costs of ocean policies in the short, medium, and long

term for all stakeholders involved, ocean governance cannot be effective.

Furthermore, fighting illegal activities is part and parcel of this equation since

the victims are generally the most disenfranchized communities. For example,

addressing illegal, unreported, and unregulated fishing requires the collabor-

ation of authorities, companies, Indigenous peoples, local communities, and

academia, as it was in the case of Japan fighting illegal vessels near the coast of

North Korea. Because the dark vessels did not inform their GPS location, it was

impossible to locate them with technology alone. The collaboration of fisher-

men in Japan and South Korea was relevant to find the maritime outlaws.27

Moreover, global governance arrangements should, ideally, be informed by

the capabilities of the communities affected. In other words, to deliver better

public goods, ocean governance processes and practices should give voice to

27 Audacious Project. Global Fishing Watch, 023. Safeguarding the Ocean by Making Human
Activity at Sea Visible. Tony Long, 2023. www.audaciousproject.org.
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coastal communities who are the most dependent on marine resources and

vulnerable groups. But representation and delegation mechanisms do not func-

tion properly when it comes to IPLC in the national and multilateral arenas. In

ocean governance, the ‘power disconnect’ described by Webster et al. (2020)

corresponds to the distance between IPLC and policy creation processes.

Although there are a few cases in which local communities participate in

political processes, they are not necessarily effective in preventing the degrad-

ation of their environment, such as in the Arctic (Cone, 2006).

More specifically in the Global South, there is a significant disparity in the

approaches of neighbouring countries. African and Arab countries are too

different to be analysed in depth here, although the African Group is a key

ocean player in the UN. Yet, Costa Rica and Bolivia are more likely to include

traditional knowledge in their institutions’ design efforts and laws than Brazil

and Argentina, for example.28 Other countries are exceptional, like China and

India, in the sense that they are both millennium-old civilizations with sui

generis political regimes, mixing religious faith with philosophy and medical

care, and they are technological ocean powers (Tomé, 2023). But this does not

mean that ILKS are included in their institutional arrangements and that

Indigenous and local communities have their rights assured.

Ocean governance has some peculiarities that need to be explored in detail.

First of all, it is traditionally characterized by a long-standing tension between

local and national stakeholders, and their priorities. Local preferences and

global stakeholder priorities do not align. The IPLC are deeply dependent on

marine and coastal resources. They do not just take food from the ocean; their

identity as a community is connected to and shaped by the ocean (Erinosho et

al., 2022). The systemic context for maritime global stakeholders is very

different by contrast, as their mode of operation is driven by economies of

scale, wealth maximization, and the search for precious resources. In the Arctic

and Antarctic glacial oceans, this led to several sovereign rights claims by

leading countries over those territories (Scott, 2017). As a result of the critical

importance of maritime trade for geopolitics and running empires, countries

such as Portugal, Spain, Britain, and France heavily invested in military and

diplomatic efforts over the centuries to secure maritime routes (Jones, 2021). As

a result, historically, most of the international law of the seas reflected by and

large the interests of Western powers, with developing countries and IPLC

excluded. They are often considered as part of the so-called Global South. A

better understanding of the processes of colonialism that are underlying ocean

28 See for example Diva Amon’s projects off the coast of Costa Rica with local researchers. In
Bolivia, the Pacha Mama approach is central to this debate. See Aubertin (2021).
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governance frameworks needs to inform any strategic capabilities debate

because blue growth may in fact perpetuate historical social injustices

(Polejack, 2022). Bennett et al. (2021: 1) synthetized them in ten points, as

‘blue risks’:

▪ dispossession, displacement, and ocean grabbing;

▪ environmental justice concerns from pollution and waste;

▪ environmental degradation and reduction of ecosystem services;

▪ livelihood impacts for small-scale fisheries;

▪ lost access to marine resources needed for food security and well-being;

▪ inequitable distribution of economic benefits;

▪ social and cultural impacts;

▪ marginalization of women;

▪ human and Indigenous rights abuses; and,

▪ exclusion from governance.

Second, IPLC produce knowledge that seldom escapes the local level, primar-

ily because their capabilities are dispersed, and their knowledge is transmitted

through oral history and storytelling but also because public authorities often do

not give them the opportunity to speak (ex-ante focus in the decision-making

process). Ranging from fishing capabilities to observing the ocean, their capabil-

ities are also part of their collective memories and expectations for the future.

Third, IPLC, by comparison, create little environmental impact on the islands

and in the coastal areas because they know they depend on the environmental

health and ecosystem vitality of their settlements (St. Martin and Olson,

2017).29 However, they are the victims of large-scale land-based and maritime

impacts. Plastics and microplastics, as well as fossil fuels from ships, for

example, are telling examples of unsustainable practices from companies and

consumers that directly threaten their livelihoods (Cone, 2006; Onink et al.,

2021). For this reason, the polluter-pays principle was included in the 2023

BBNJ Treaty, and its future translation into marine policies may generate

capabilities to provide some remedies. Nonetheless, the legal principle of

‘common but differentiated responsibilities’ (CBDR), as it was formalized at

the Rio Earth Summit in 1992, has not yet been applied to the ocean. According

to the Guterres Report (2019: 52), developed countries have a material footprint

that is more than thirteen times higher than that of less developed countries. This

consumption pattern can be translated into ocean governance in the following

way. Countries with large-scale fisheries are not necessarily those with the

highest human development indexes (HDI), but they also export a lot. China

29 Retrieved from Environmental Performance Index. https://epi.yale.edu/. Accessed 2 June 2023.
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ranks first and accounts for around 32 per cent of the total, including fish

captures and fast-increasing aquaculture. Japan, India, the United States, the

Russian Federation, and Indonesia follow.30 Yet, limiting the question to the

quantity of marine protein intake only provides a partial picture, because it does

not look at the capabilities of local communities and potential alternative

options. According to the FAO, ‘[i]n low-income food-deficit countries

(LIFDCs), fish consumption increased from 4.0 kg in 1961 to 9.3 kg in 2017,

at a stable annual rate of about 1.5 percent’.31 In sum, the ‘historical responsi-

bility’ of those Tomé (2023: 65) has defined as marine technological powers is

not adequately considered within the ocean governance frameworks, which

poses significant challenges not only for justice and fairness but also institu-

tional, agenda-setting, and capabilities considerations.32 The critical question is

whether we can envisage a more equitable, responsive, and effective ‘trans-

formative governance’ (Chan, 2019; Cisneros-Montemayor et al., 2021;

Erinosho et al., 2022) without tackling the historical responsibilities of marine

technological powers vis-à-vis IPLC. Do we need a new legal principle that

requires technology holders to protect ILKS in ocean governance?

Finally, in 2023, two key legally binding international instruments enriched

ocean governance: the mining code under the auspices of the International

Seabed Authority, and the BBNJ. Both instruments are based on the United

Nations Convention on the Law of the Seas. Although they may bring direct

impacts for the climate change agenda in terms of energy production and carbon

dioxide storage, this nexus was hardly considered (Levin et al., 2020; Queiroz et

al., 2023; Rockström et al., 2023). The mining code will regulate the permission

for mining activities in areas beyond national jurisdiction (Ardron et al., 2023).

For the time being, member countries did not agree on the rules for deep seabed

mining activities (Campanella, 2024).33 The BBNJ is based on five pillars:

marine genetic resources, including questions on the sharing of benefits; area-

based management tools, including marine protected areas; environmental

impact assessments; capacity building and the transfer of marine technology;

and cross-cutting issues.34 While it is very difficult to assess the extent of the

30 www.fao.org/3/X8002E/x8002e04.htm#:~:text=The%20global%20patterns%20of%20fish,the
%20Russian%20Federation%20and%20Indonesia.

31 www.fao.org/3/ca9229en/online/ca9229en.html#chapter-1_1. Accessed 2 January 2022.
32 The group varies according to activities, but the core group of marine powers is composed of the

United States, the European Union, China (superpowers) and then Germany, Russia, India,
Indonesia, and Japan.

33 During the July 2023 talks at ISA, based on the demand for a moratorium from the scientific
community, the number of countries supporting the ban, the moratorium, or the ten-year
precautionary pause on commercial mining increased to twenty.

34 www.iucn.org/theme/environmental-law/our-work/oceans-and-coasts/marine-biodiversity-
areas-beyond-national-jurisdiction-bbnj. Accessed 2 January 2022.
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participation of IPLC in the domestic and multilateral decision-making process,

available reports and literature seldom mention them properly. Moreover, the

participation of small island states in the BBNJ negotiation processes was

marked by three groups (CARICOM, SIDS, and SPIDS) (Tomé, 2023: 142).

In sum, ocean governance is a field in which a systems approach is essential.

We could highlight that the deep ocean is the less-known part of the Planet.

Therefore, the drivers of global environmental change demand a knowledge-

based approach to Earth system governance. Communities can contribute to

understanding natural processes that are sometimes invisible to scientists. A

capabilities-focused framework therefore provides explanatory and policy

leverage to navigate the system. Building pathways to transformative and

inclusive governance within a context of many unknowns and deep uncertain-

ties is the main challenge for ocean governance.

As Levin and Poe (2017) stressed, if we want to address quality of life on

Earth, the implications of environmental change for humanity must be under-

stood. What connects ILKS and technology is the fundamental agreement that

knowledge is the sine qua non in better understanding the Earth system. What

Indigenous peoples and local communities have been teaching us concerns

relationships, not the accumulation of wealth (Pereira et al., 2023). In this

sense, Earth is our mother, and the ocean is our father. Without a healthy

ocean, we cannot improve quality of life on Earth. As humans, we are part

and parcel of ocean governance, not the owner of the ocean, according to

different IPLC ontologies and epistemologies. Their lesson is clear: we must

not destroy our sources of livelihood and saw off the branch we are sitting on. In

other words, we have the responsibility to protect life.

In this context, science has a key role to play, as will be discussed in the next

section.

5.3 Navigating the Science–Policy Interface

Charting the science–policy interface implies identifying knowledge gaps and

risks. Geography books usually show five oceans. But in fact there is only one

ocean, since the Arctic and the Antarctica basin form a single system that

connects the whole of the marine water body. As a result, the ocean is connected

to Earth and the atmosphere, a fact that is often underappreciated. Knowledge

and information about the ocean is not properly shared around the world, that is

people do not necessarily have access to the best available scientific knowledge,

and ILKS are not necessarily considered by scientists and authorities. In other

words, there is still a stark divide between scientific knowledge and ILKS. As an

example, technological innovation projects for ocean-climate interventions
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with giant companies rarely include IPLC. Some pertinent examples are CO2

storage and air capture, cloud seeding, iron fertilization, alkalinity addition, and

artificial upwelling, among others (GESAMP, 2019).

Although scientific knowledge is often mentioned inmultilateral negotiations

to build global governance, it is hardly accessible for Indigenous and local

communities. For example, the CoP 26 Glasgow Climate Pact (2021) acknow-

ledged the importance of Indigenous peoples and local communities as key

stakeholders, but this does not mean that IPLC share a global identity and have a

common understanding about how they could form ‘transnational advocacy

networks’, as conceptualized by Keck and Sikkink (1998).

To tackle the challenge of ‘ocean literacy’, the UnitedNations Decade ofOcean

Science (2021–2030) has promoted a shared information system, departing from

the motto ‘The science we need for the ocean we want’.35 Authorities and

scientists agreed that ‘capacity development’ and ‘ocean science’ are necessary

to shape the future. The ‘Ocean Decade’ is connected to the UN 2030 Agenda for

Sustainable Development in general and to Sustainable Development Goal 14

‘Life belowwater’ in particular. As Peter Thomson, the UNSpecial Envoy for the

Ocean, declared: ‘Ocean science, supported by capacity development, is essential

not only to inform SDG 14 but also other SDGs that have an ocean dimension’.

Furthermore, Dr Sue Barrell, former Chief Scientist at Australia’s Bureau of

Meteorology, added:

The oceans are critical drivers of global climate and weather-related natural
hazards. Deeper insights on ocean science, powered by enhanced ocean
observing and data sharing systems, will dramatically advance understanding
and modelling of the whole earth system and benefit all people,
everywhere.36

Nonetheless, IPLC representatives are still disenfranchized. From a complex

system and Strategic Diplomacy perspective, technology and traditions corres-

pond to different entry points to navigate the Earth system and think of desirable

futures.37 While traditional knowledge is produced by Indigenous and local

communities to address key issues related to the oceans, the best available

knowledge is produced by the scientific community, the army, and big compan-

ies (technology leaders).

35 www.oceandecade.org/. 36 www.oceandecade.org/.
37 Despite the fact that we think of the planet as one, it has no legal status so far. Likewise,

humankind and governance are not clearly defined in law. In addition, the planet is divided in part
under national jurisdiction and the rest (res communis or res nullius). Consequently, international
public law and international environmental law need to evolve to respond to the challenges of the
Anthropocene.
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Tapping into the traditional wisdom of different communities is key for

coping with the rapid changes of Earth system transformations. But their

sustainable way of life was not generally recognized in the recent past. For

people who are economically development-prone, traditional communities

were the main obstacles to ‘human progress’ such as building roads, ports,

and railways. Because they did not struggle to amass resources and transform

nature for their own benefit, they were seen as underdeveloped communities

that should be integrated in the ‘civilized world’. Consequently, traditional

communities took centuries to achieve some political space to advocate for

their right to choose their future paths. While Indigenous and local communities

have proved their capabilities of sustainably using ocean resources, they

demand recognition of their interests and rights in decision-making processes

in local, national, and multilateral arenas.

Technology producers and users, on the contrary, with high-tech mining and

fishing equipment, satellites, and bioprospecting methods represent at the same

time the biggest risks to resource depletion and pollution, as well as the

solutions. In addition, climate change risks and solutions, as discussed in

Section 4, may have irreversible impacts on ocean health and ecosystem vitality

(IPCC, 2023). Providing mutual recognition and better connections for those

two groups of knowledge producers is still a key challenge.

5.4 Developing Capabilities for Ocean Governance

While climate and ocean governance are deeply connected, their institutional

responses were very different in the last four decades. However, there are also

common points, such as the coexistence of technology/scientific and traditional

knowledge production. Scientific knowledge prevails over traditional know-

ledge in both cases, notably after the creation of the IPCC and other scientific

bodies alike (IPBES, Intergovernmental Oceanographic Commission (IOC/

UNESCO), UN GEO, and the future IPOS).38 Moreover, scientific knowledge

still has plenty of huge gaps related to unexplored parts of the ocean and the

effects of climate change (and engineering projects shown in Section 4).

Another point in common was the political alliance of Small Island

Developing States for multilateral talks, or like-minded groups, when they

decided to unite to form a majority in multilateral talks and have a voice to

advance their own capabilities and priorities (Tomé, 2023). Although they vary

in terms of agenda and composition, they could share a common basis of

38 The International Panel on Ocean Sustainability will be officially launched in 2025, during the
United Nations Ocean Conference. www.cnrs.fr/en/track-creation-ipos-new-international-
panel-ocean-sustainability. Accessed 14 July 2023.
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knowledge and interests. One example is the demand from the Global South to

the most developed countries for marine technology transfer, capacity building,

funding, and information sharing, including digital sequencing information. All

of them were included in the 2023 BBNJ Treaty. This constitutes a potential

entry point for co-production of policies based on the capabilities approach.

In terms of governance institutions, practices, and processes, the ocean

regime is much older than the climate one, but the latter evolved much faster,

being belatedly and only partially connected to the ocean. Consequently, cli-

mate geoengineering does not always take impacts on ocean health into

account. Can IPLC help to build the bridge between these two international

regimes? They can certainly contribute with climate-smart approaches to fish-

eries and aquaculture, for example.

Concerning responses, the climate regime is as complex as the ocean regime

when it comes to the use of new technologies. As a matter of fact, the ‘big

solutions’ to the challenges depend more on a few ‘technological powers’, and

big companies, than on the other 190 countries, as shown in Section 4. In other

words, there is a growing concentration of power in the hands of a few decision-

makers that will most likely continue to threaten Indigenous and local commu-

nities’ ways of life if there is no effective transformative change. Three cases

worthy of future research are: (i) the negative effects of wind farms along the

coast of countries like Brazil; (ii) the Arctic Ocean trade and geopolitical

infrastructure, which pollute and contaminate what polar communities call

‘the mother snow’; and (iii) the expected 2023 ‘super’ El Niño.

For the technology entry points, the positive points are as follows: in the case

of exploitation of living resources, technologies enable cheaper activities since

further and deeper resources become more economically viable. In the case of

bioprospecting and farming, it is a driver to improve food and health security. It

increases the options for adaptation and resilience strategies. It can provide fast

and effective technical solutions in contrast to endless diplomatic talks. It

enables data production and modelling to monitor planetary boundaries. For

the ILKS entry points, the ocean is perceived as a ‘hero’ who protects commu-

nities, not the victim of humankind. Risk-limiting traditional routines help

ensure a more sustainable use of resources for future generations. The scope

and scale of the use of resources are less predatory than industrial initiatives.

However, negative points are also relevant. For the technology entry point,

uncertainties related to unintended consequences and risk management are key.

Also, social justice and environmental conservation are not necessarily con-

sidered on a planetary scale. Therefore, it may lead to more power disconnec-

tion, because IPLC are usually excluded from the decision-making processes.

Innovation and inventions depend heavily on a few actors, like technological
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powers and big companies. For the ILKS, they are related to local experiences,

generally not well described and adopted by the scientific community. Also,

traditions are being lost because fishermen and other communities cannot afford

to keep their routines and income. Finally, traditional knowledge is sometimes

based on beliefs and not easily transferred to the scale and scope of global

governance (replicability).

To a large extent, the weak points of technology used for ocean governance

are comparable to climate governance. The new technologies may aggravate the

risks mentioned under the paradigm of ‘blue growth’. The intensive use of

technology for exploitation activities may lead to more food insecurity and

biodiversity loss for developing countries and islands. They may also cause

unintended consequences, irreparable damages, and compromise risk manage-

ment. In all cases, traditional communities are unable to confront predatory

large-scale activities, be they state-led or private.

In sum, an entry point for the capabilities approach is to connect technology

and ILKS in the domestic political arenas, so that multilateral talks become

effectively more inclusive and legitimate.

5.5 Challenges and Opportunities for Ocean Governance

Using a capabilities-centred approach to add value to the debate on strategic

capabilities, this section started with a succinct contextualization of the concept

of global governance, before discussing ocean governance. Then it showed the

policy–science interface and used the capabilities approach to highlight three

main findings.

The first finding is that ocean governance was promoted under the UN

auspices, as a top-down process based on geopolitics and international law.

Indigenous people, local communities, and islands in the Global South were

usually underrepresented, underfunded, and deprived of effective participation.

For the high seas regime since the sixteenth century, they hardly had a voice and

ILKS are rarely employed. In both cases, there is a ‘power disconnect’ which

needs to be tackled, because the more relevant to geopolitics, the less IPLC can

participate in policy creation. However, concerning the islanders, they managed

to participate collectively in the 2023 BBNJ talks in New York, although they

fought for their survival, given their high vulnerabilities. Nonetheless, the same

cannot be stated in relation to the ISAmining code negotiation process, in which

a few islanders promoted deep-sea mining as if they were not the most vulner-

able people. If islanders had access to scientific knowledge, they would most

likely not support mining in areas beyond national jurisdiction, because we can

only protect what we understand. The entry point here concerns broad inclusion
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in multilateral decision-making processes so that communities become full

stakeholders, not only victims or targets. If power is concentrated in the hands

of a few decision-makers, the future of IPLC will remain compromised.

Another entry point is that we need scientists from IPLC so that they can better

connect with their people. For example, those trying to save dying reefs with

coral gardening or the sustainable use of mangrove resources and seafood.

Secondly, while small-scale problems have the potential to become tipping

points with large-scale, system-changing consequences, those problems are

usually ignored, because knowledge is still largely lacunary. So are large-

scale problems, as if the ocean could heal from all human activities and

aggressions, such as nuclear testing, oil spills, offshore drilling, mining, pollu-

tion, acidification, and overfishing. Moreover, problems stemming from the

blue acceleration are also underestimated, even though they have been follow-

ing the patterns of exclusion and degradation from land-based activities. In this

regard, we contend that the blue economy (Amon et al., 2022) must not

reproduce the same risks from the last century. The entry point should be similar

to the polluter-pays principle so that the causes and consequences of human

action stay coupled. This means that the externalities of ocean activities must be

seriously estimated with impact assessment tools. Because we are all connected

in the Earth system, ocean literacy must include all the knowledge and practices

available, and promote the education of young people toward more sustainable

practices.

Finally, technology is a powerful entry point to help solve human-made

problems and to limit risks concerning climate, food, as well as environmental

and health security. But there is a gap between the production and use of

technology. Equally, ILKSmay have the potential to tackle the same challenges,

but only under the condition of its adequate recognition as a legitimate entry

point for policy co-creation. Because ILKS can show others how to live in

harmony with nature, they are vital for a fairer ocean governance architecture.

However, Indigenous peoples and local communities also need to understand

their current situation from the most recent scientific findings, such as the IPCC

and IPBES reports. Likewise, decision-makers need to learn from traditional

knowledge holders that the ocean supports life on Earth. It is not an open space

with infinite free resources to be exploited in an unsustainable manner as if there

were no tomorrow. Environmental tipping points are already part of our lives,

such as marine biodiversity loss. Therefore, to improve ocean governance, we

must conceptualize the ‘responsibility to protect’ from ILKS holders as themost

important entry point to technology users.
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6 Findings

As the Fourth Industrial Revolution gains pace, humanity has reached a fork in

the road. Industrialization has been a history of human progress and welfare

driven by the belief in functioningmarkets and cycles of technological innovation

that have become both shorter and faster. However, industrialization has also led

to the rapidly deteriorating health of the Earth system, with the human footprint

triggering tipping points in the Earth’s climate that, if unattended, will make

natural habitats uninhabitable. Unprecedented innovation and technological

transformation may, on the one hand, provide us with, to paraphrase Charles

Dickens, ‘the best of times’ to improve planetary health. On the other hand, it may

also lead to ‘the worst of times’ if those technologies remain untamed and simply

accelerate the current unsustainable trajectory of the Earth system. In a nutshell,

humanity is at the precipice that may either lead to ‘the season of Light’ or ‘the

season of Darkness’, ‘the spring of hope’ or ‘the winter of despair’.

This final section synthesizes the findings of this Element considering the SCF

we developed to study and steer complex socio-ecological systems. Our primary

objective as a global team of scholars from diverse academic backgrounds has been

to innovate ideas to achieve Sustainable Ecological Capacity (Holland, 2008b),

understood as a mega-capability that constitutes the sine qua non for the enhance-

ment of individual and collective living conditions within planetary boundaries. In

doing so, in this section, we flesh out the connection between the diverse leverage

points of technology and ILKS for Sustainable Ecological Capacity. Table 2

Table 2 The strategic capabilities matrix for sustainable ecological capacity –
synthesis

Technology ILKS

Strengths ▪ Mitigating ‘the tragedy
of the commons’
(Hardin, 1968)

▪ Targeting Earth system
design, subset of
mitigation

▪ Navigating Earth system
feedback loops and tip-
ping points

▪ Accelerating speed and
amplifying scale of Earth
system adaptation and
transformation

▪ Community-based
approach

▪ ILKS as public good
▪ Targeting Earth system
paradigms

▪ Sustaining livelihoods and
connecting with nature

▪ Aligning Earth system
goals and designs with safe
and sustainable planetary
boundaries
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provides a snapshot of our findings, which will be further contextualized in this

section. The critical challenges are threefold: first, taming technology for a sustain-

ability revolution; second, amplifying voice and representation of ILKS in Earth

system governance; and third, realigning the relationship between social and

ecosystems, that is the way human beings relate to and engage with their natural

habitat (Pereira andGebara, 2023; Schlosberg andCarruthers, 2010;Watene, 2013,

2016; Winter, 2022).

Our empirical sections on climate and ocean governance have amply illustrated

the potential and limits of the technology and ILKS entry points in each domain.

Scientific and technological innovation has the capability to provide damage

control and palliative care for the Earth system, mitigating ‘the tragedy of the

commons’ (Hardin, 1968). Yet, at the same time, cutting-edge technology by and

large remains a private good in the hands of only a powerful few andmay increase

Table 2 (cont.)

Technology ILKS

▪ Addressing climate
emergencies

▪ Providing damage con-
trol and palliative care

▪ Buying time
Weaknesses ▪ Agent-based approach

▪ Technology and techno-
logical innovation as pri-
vate good

▪ System goal of wealth
maximization in compe-
tition with safe and sus-
tainable planetary
boundaries

▪ Potential lock-in effects,
especially vis-à-vis
SRM: Plan B may per-
manently become Plan A

▪ Exacerbating inequality
and social exclusion

▪ Lack of effective gov-
ernance structures

▪ Unintended
consequences

▪ Highly localized domain
and undervaluation limit
potential impact in mitigat-
ing the root causes of cli-
mate change

▪ Lack of voice and repre-
sentation in existing
national, regional, and glo-
bal governance frameworks

▪ Lack of academic literature
on how to mobilize ILKS
for addressing climate
change
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social inequality and exclusion, if it is not accessible to everyone. In contrast,

ILKS are public goods by nature but usually confined to the local level. Pursued in

isolation, technology and ILKSwill not meet their potential to enhance individual

and collective living conditions. Yet together they may trigger systemic trans-

formations, because within a socio-ecological system, local interventions can add

up and generate impact at multiple scales. For that, Indigenous and local commu-

nities need to have recognition, representation, and voice.

6.1 Towards an Integrated Framework of Knowledge
Co-production

Building capabilities for Earth system governance therefore constitutes more

than just a top-down global effort; it ought to be a polycentric (Ostrom, 2009a),

a multi-scale exercise bringing diverse constituencies together in securing a

climate-safe future. Designing effective institutions and integrating diverse

knowledge systems for stronger socio-ecological system interventions in gen-

erating Sustainable Ecological Capacity is the key challenge here.

As we have shown, pursuing Earth system governance through the technol-

ogy entry point primarily impacts system design, triggering technological

advance or social transformation. It also helps with navigating Earth system

feedback loops and tipping points. The ILKS, on the other hand, tend to target

the paradigms and goals underlying the socio-ecological system. They may also

be strong candidates for social tipping points for rapid decarbonization, trigger-

ing system-wide effects that are contagious and hard to stop. Across the globe,

ILKS are repositories for alternative paradigms about how the world works, the

connection of people with nature, and how to live sustainably within safe

planetary boundaries. Yet, it would be unrealistic, if not naïve, to expect that

‘the international community’ would simply switch from one wealth- and

profit-maximizing paradigm to another one that is more sustainable. Hence, in

the Introduction to this Element we posed the question of the appropriate

paradigm that will secure both survival and the continued progress of humanity.

If we can agree that the paradigm of industrialization driven by profit and wealth

maximization is not sustainable, what do responsible and sustainable interven-

tions in our rapidly deteriorating Earth system look like? Somemiddle ground is

needed that weaves alternative thinking and paradigms into existing Earth

system governance practices and processes at the local, regional, and global

levels. As Pereira and Gebara (2023: 16) observed vis-à-vis the Amazon,

‘flexibility in integrating indigenous understandings into Western cognitive

systems is fundamental’ if we want to make some progress. Yet this also

necessitates some form of recognition that Western conceptualizations of
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ecosystems like forests or the ocean follow restrictive utilitarian ontologies that

do not embrace the spiritual or symbolic dimensions of nature transcending the

material.

In this Element, we have argued for a conscious and conscientious effort to

mutually reinforce the technology and ILKS entry points in creating capabilities

for enhancing the individual and collective living conditions of human beings,

within safe and sustainable planetary boundaries.39 Harnessing the largely

untapped potential of ILKS while reaping the benefits of technological innov-

ation in a sustainable way calls for a polycentric approach that allows for

knowledge co-production, experimentation, and learning at multiple levels of

governance. This raises the question of how to connect and mutually reinforce

the entry points of technology and ILKS to facilitate new collaborative forms of

knowledge mobilization and creation across multiple sub-systems. Rather than

privileging one entry point over another, there is strong demand for a robust and

resilient integrated framework for academic and policy engagement that weaves

together Indigenous knowledge and the scientific method.

Such an integrated framework needs to target the system design and the

boundaries of socio-ecological systems:

1. For effective integration, the system parameters ought to be expanded, not

only including but also moving IPLC into the centre of the system.

2. The institutions and social structures that shape the design of socio-eco-

logical systems must provide voice and representation for IPLC.

3. Knowledge co-production, in essence, must be a system design intervention

that becomes part and parcel of the daily grind of policy development,

design, and delivery.

Weaving together Indigenous knowledge and the scientific method therefore

requires an ILKS & Technology Knowledge Co-production Interface estab-

lished within the social structures, relationships, and institutions that govern

socio-ecological systems (see Figure 3). We have identified three design prin-

ciples underlying the knowledge co-production framework, derived from our

analysis in Section 2: epistemological parity; plurality of worlds and world-

views; and shared decision-making at the centre of policy development, design,

and delivery.

39 As explained in Section 2, we do not attempt to prescribe a one-size-fits-all list of capabilities in
the quest for Sustainable Ecological Capacity, as the circumstances across societies and local
communities differ vastly. Yet we have offered a framework for public debate about the
challenges and opportunities of the ILKS and technology entry points.
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The relationship dynamics and flows within the boundaries of such systems

can trigger new dampening or amplifying feedback loops, with the capability of

system change, impacting paradigms and system goals.

6.2 The Way Forward

Moving forward, how can IPLC reach their full potential considering the

barriers to voice and representation in existing national, regional, and global

governance frameworks? How can we mobilize Indigenous knowledge that is

usually confined within a highly localized domain?

Recent government and funding initiatives may provide a clue about how to

make progress. For example, the National Science Foundation of the United

States launched a research programme in 2016, Navigating the New Arctic,

probing the wide-ranging impact of climate change in the Arctic Circle, specif-

ically encouraging scientists to collaborate with Indigenous residents in this

endeavour. Similar initiatives can be found by Canada’s Natural Sciences and

Engineering Research Council and New Zealand’s Ministry of Business,

Innovation and Employment. UNESCO and the Intergovernmental Science-

Policy Platform on Biodiversity and Ecosystem Services have made similar

moves. Yet, while those moves reflect the right intention, there are still con-

cerns, often expressed by Indigenous communities themselves, that those state-

ments amount to token gestures to satisfy more inclusive funding policies rather

than shifting mindsets (Sidik, 2022).

At stake is the development of shared governance structures and processes

within which ILKS have epistemological parity (Kalafatis et al., 2019). A recent

initiative of New Zealand’s Environmental Protection Agency (EPA) is

Building capabilities for Earth System Governance 

Feedback loops and

social tipping points

ILKS & Technology 
Knowledge Co-

production Interface: 
impacting system design 

and boundaries

Paradigms and system 
goals

Figure 3 Knowledge co-production and learning for sustainable ecological

capacity
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noteworthy here, because it is one of the strongest examples we have encoun-

tered so far on how to deliver on the design principles of epistemological parity,

plurality of worlds and worldviews, as well as shared decision-making. The

EPA initiated a new work programme to integrate Māori knowledge and

perspectives into its environmental impact assessment framework. The

Agency’s approach to knowledge co-production is symbolized by a double-

hulled canoe (waka hourua), representing two knowledge systems –

Mātauranga and science – progressing in the same direction. According to

the EPA (2020: 15), ‘[t]his visual metaphor acknowledges the contribution each

knowledge system makes towards environmental management. It also symbol-

ises that the EPA is equipping itself to embark on a voyage of discovery’.

At the heart of the impact assessment isMātauranga, ‘the pursuit of knowledge
and comprehension of Te Taiao – the natural environment – following a system-

aticmethodology based on evidence, and incorporating culture, values, andworld

view’ (EPA, 2020: 9).Māori operate on a systems view of the world (whakapapa)

that appreciates the interconnectedness of living and non-living things. Most

importantly, asWatene (2016: 293) has observed, ‘[a]s kin, we have an obligation

to enhance the natural world just as the natural world (as our kin) has an obligation

to enhance our lives’. Impact assessment is therefore not only based on a holistic

understanding that matters are embedded in a wider systemic context but also on

the clear understanding of the mutual responsibilities between human beings and

the natural world. In essence, this is a social compact between human beings

and the natural world, with ‘trustee obligations – obligations to protect, enhance

and conserve’ (Watene, 2016: 292). Those mutual obligations are of vital import-

ance, as they connect past, present, and future. As Winter (2022: 37) stresses,

‘[i]t is conceivable, indeed likely, that climate change and environmental destruc-

tion will deny future generations their core capabilities’. Human beings and the

natural world are therefore bound by an intergenerational compact with mutual

rights and responsibilities.

Economic impact, in this context, would need to be considered together with

impact on health and well-being as well as the environment. While this

approach is different from science-technology knowledge systems, it is based

on codified knowledge and techniques that are verified, tested, and updated over

time (Hikuroa, 2018). Weaving Mātauranga and science into EPA’s decision-

making is about enhancing capabilities in environmental risk assessment.

Assessing impact covers four interconnected dimensions that are directly

derived from Mātauranga (see Figure 4):

▪ Māori cultural concepts, customs, values, and practices that embrace ideas of

environmental guardianship and stewardship;
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▪ Resources, for example air, land, water, and ecosystems; geothermal

resources; and artefacts;

▪ Economic development and sustainability, which includes the ability of

Māori to live in an economically viable and sustainable way;

▪ Health and well-being – spiritual, mental, and physical – including the

responsibility and capacity to operate effectively as part and parcel of a

collective.

Underlying those four dimensions informing impact assessment are the set of

key principles laid out in the 1840 Treaty of Waitangi (Te Tiriti) that historically

provided for the protection of Māori culture, while the British Crown was given
the right to govern and represent New Zealand: partnership; protection of Māori
interests; and, participation in decision-making based on reciprocity, mutual

benefit, and equal status.

In Australia, the 2019 Partnership Agreement on Closing the Gap between

federal and state governments and the Aboriginal and Torres Strait Islander com-

munities may serve as another pertinent example of how knowledge co-production

can be implemented at the policy level. According to Pat Turner (2022), the

Figure 4 New Zealand EPA impact assessment (EPA, 2020)
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Aboriginal lead convener of the seventy-strong coalition of Indigenous bodies

representing peoples in areas including health, land, early childhood, education,

business, housing, and legal services, Closing the Gap ‘is about shared decision

making with governments to ensure the full involvement of Aboriginal and Torres

Strait Islander peoples at the national, state and local or regional level and embed-

ding their ownership and expertise to close the gap’. At the same time, the

agreement provides Aboriginal and Torres Strait Islander communities with full

access to, and the capability to use, scientific data that is locally relevant to take

more informed decisions in enhancing the individual and collective living condi-

tions of people. Yet there is still the challenge of moving this agreement from

rhetoric to reality. InMarch 2023, Australia appointed its inaugural Ambassador for

First Nations People, leading the government’s efforts in embedding First Nations’

perspectives intoAustralia’s foreign policy.40 As an office holder of theDepartment

of Foreign Affairs and Trade, the Ambassador will give voice and representation to

First Nations People and progress their rights and interests globally.

6.3 Conclusion

In conclusion, facing the increased probability of abrupt and potentially irre-

versible Earth system tipping points calls for new policy pathways based on

collective capabilities rather than utilitarianism. Initiatives such as Navigating

the New Arctic, Closing the Gap, or New Zealand EPA’s Mātauranga impact

assessment framework highlight the need for reappraising the social contract

between Indigenous and local communities, businesses, and governments.

Embracing technology and ILKS in tandem can have mutually reinforcing

effects. Together they can be considered sustainability interventions (Abson

et al., 2016; Ostrom, 2009b) to tackle unsustainable human development and to

enhance individual and collective living conditions within safe and sustainable

planetary boundaries. In order to address the magnitude of the planetary crisis,

polycentric governance and sustainability interventions are the way forward.

Top-down technological solutions alone can only provide partial answers and

will not be able to trigger the social tipping point dynamics necessary to

stabilize and transform our fragile Earth system.

40 See Department of Foreign Affairs and Trade, Ambassador for First Nations People, https://
www.dfat.gov.au/international-relations/themes/indigenous-peoples/ambassador-first-
nations-people.
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