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1. Governingin the Anthropocene

Corey Pattison

Introduction

Identifying, preparing for and responding to security risks are some of the primary functions
of governance. This has been the case since the earliest states,” though the scope has hence
broadened significantly from an exclusive focus on national security, or risk of armed attack by an
external foe, to human security, encompassing, inter alia, persistent poverty, epidemics and eco-
nomic downturns.” The broadening perspective on the security concerns of governing reflected
important contextual changes—namely, a virtual end to interstate conflict following World
War II and a further reduction of nuclear weapons after the cold war. Relatedly, it also reflected a
normative shift in the responsibilities of those governing vis-a-vis the governed—from seeing the
well-being of the latter as the end rather than a means; or more simply, a growing consensus that
security and development are mutually dependent.’

Entry into the Anthropocene represents yet another important contextual change with impli-
cations for the scope and objectives of governance, be it global, national, or local. Though the
epoch is characterized by the profound impact of human beings on the planet, the security risks it
entails extend beyond purely environmental ones.* Societal stresses arising from environmental
change,’® migration,® pandemics’ and growing inequality® each pose unique challenges but also
exist as part of larger systemic changes brought on by industrialization, digitalization’ and
globalization." These trends combine to increase interconnectedness at multiple levels between
individuals, communities and nations, as well as the rates of technological, economic and social
change."" Growing interconnectedness and accelerating change have resulted in risks that are
multidimensional and compounding—that is, risks that interact to produce a consequence greater
than their sum, contributing to increased volatility overall.*?

Environmental change is a clear example of compound risk. Physical impacts of climate change,
like drought, flooding and rising average temperature, pose significant threats to human life in
and of themselves. But these impacts are also conditioned by institutional factors, such as the
capacity and will of governments to prepare and respond, and the adaptive capacity of individuals
and communities themselves.'® In situations where institutional capacity and inclusiveness are
weak, physical impacts of climate change can thus be particularly damaging; worse still, since
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these factors simultaneously pose risks for violent conflict, environmental change can also contri-
bute to a broader breakdown of security by further weakening capacity and instrumentalizing
grievances related to exclusion. For example, in Mali, worsening droughts can drive competition
between social groups over an increasingly scarce or variable resource base. At the same time,
weak capacity of local institutions—both a cause and a symptom of ongoing violence—can leave
certain segments of the population more exposed to joint environmental and security risks,
deepening inequities and driving grievances towards the government. It is for these reasons that
climate change is often referred to as a ‘threat multiplier’."*

The interconnectedness of risks in the Anthropocene poses challenges to existing models of
governance in at least two ways. The first is the difficulty to identify the precise form of risks given
their compound nature. This is due to substantial practical, conceptual and epistemological limi-
tations to modelling climate-related security risks.'® For example, their complex interconnected-
ness requires tracing connections between proximate causes with longer-run, supralocal insights
on structural and environmental change. However, bridging different levels of analysis through
the identification and isolation of the precise mechanisms whereby macro-level processes, like
climate change, may affect actors, institutions and social processes at the micro level has so far
proven to be exceptionally challenging.

Yet identification of risks is not enough; the obstacles to risk management must also be identi-
fied, prioritized and addressed through private and public action. This leads to a second challenge
to existing models of governance. If the first involved largely capacity-related constraints to
overcoming cognitive barriers, the second—translating risk identification to risk management—
requires a combination of resources, will and behavioural change. The will of states or other
actors to direct capacities to prevent, mitigate and respond to security risks is an extension and
reflection of the inclusiveness of their political and economic institutions."® Inclusive institutions,
through which power is broadly distributed in society, create conditions through which citizens,
associations, businesses and other stakeholders make claims on leaders to exercise power in
the broadest interest of society."” Inclusive institutions are no guarantee of peace and stability,
but they are the surest way to achieve them. Michael Doyle has argued that ‘the absence of war
between democratic states comes as close as anything we have to an empirical law in inter-
national relations’.'* Amartya Sen has famously observed that ‘there has never been a famine in a
functioning multiparty democracy’.”

By contrast, states or other polities characterized by extractive institutions are more likely
to limit their protection or response to a narrow political base of the regime such as co-ethnics
or the leader’s home region or provide none at all, increasing vulnerability to the type of inter-
connected security risks outlined at the outset.>® Even under inclusive political institutions, risk
management can be impaired by government failures stemming from capture by interest groups,
corruption of government officials and distortionary policies, since businesses and people who
are negatively affected by certain risk management measures will naturally tend to oppose them.
Powerful oil and gas lobbies, for instance, have long blocked useful environmental regulations
even in the presence of well-established scientific evidence.

The imperative to overcome these challenges is urgent and evident. Even with the most rapid
and far-reaching action to reduce greenhouse gas emissions, we can expect the security conse-
quences of climate change to continue to unfold in the near term, given that the consequences of
the past decades are already baked in. But the prospect that mitigating action will be untimely
and insufficient provides a glimpse of a future, not far off, when governments and communities
are overwhelmed by shocks so frequent and devastating—and with resulting needs so great—that
they become effectively unmanageable for countries in all regions of the world.** There is, then,
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a third, normative dimension to the framework. If the prior dimensions are focused on questions
of whether and how institutions provide security as part of governance, they presuppose
fundamental questions about what is being secured and from whom or what. As prior changes
in the security context led to evolutions in normative approaches to security, the Anthropocene
requires a redefinition of public interests in light of risks to a shared security space in which
national and human security are merged.*” This entails an effort not just to understand the
complex security implications of environmental change, but to frame the response to those
risks within a sufficiently comprehensive framework—the Sustainable Development Goals of the
2030 United Nations Agenda.

These challenges constitute a non-exhaustive set of design requirements for governance in the
Anthropocene epoch. The following expands on them to construct a basic framework composed
of three parts: (@) cognitive barriers to identifying complex risks under deep uncertainty;
(b) multi-scalar institutional capacity and inclusiveness; and (c) normative frameworks that span
conceptions of national versus human security.

Analytical and conceptual challenges: Identifying complex risks

Governance in the Anthropocene begins by acknowledging that all people confront risks to their
security, but especially those who face the most pressing impacts of climate change in their daily
lives—in places where prevalent livelihoods are becoming tenuous, like the Sahel, or where coastal
flooding threatens to inundate entire communities, such as small Pacific islands. As outlined
above, this acknowledgement must also extend to the fact that people face not one but many
interconnected risks. But to manage these risks they must first be identified, understood and
communicated, and this is constrained by analytical and conceptual limitations that should be
overcome, where possible, and internalized, where they are not.

There is a growing recognition of the role of climate change as a threat to security in terms
of increased resource competition, food insecurity, internal migration and severity of natural
disasters. A meta-analysis carried out in 2015 found that a 1-degree Celsius increase in tempera-
ture was associated with an increase of interpersonal conflict by 2.4 per cent and intergroup
conflict by 11.3 per cent.*® Rising awareness that climate change makes conflict likelier than it
would otherwise be is reflected in the common treatment of the former as a ‘threat multiplier’.
While analytically accurate, in that it aptly illustrates the comprehensive ways in which climate
change worsens pre-existing social, political and economic risk factors, this formulation does
little to help navigate the complexity of the interconnected nature of these risks or translate to
a clear understanding of how these phenomena are linked and what to do about it. Tracing the
precise mechanisms by which environmental change influences violent conflict poses significant
conceptual difficulties, of course, for the reasons alluded to above.

The difficulties do not end with analytical challenges. The problems of climate change and bio-
diversity loss are also conceptual since the risks that they introduce are both systemic and deeply
uncertain. The first term—systemic—refers to an event that triggers instability or the collapse of
an entire system. In the financial context from which it is borrowed, this means the collapse of
an entire industry or economy, rather than an individual firm; in the context of climate change
and biodiversity loss, this means the breakdown of entire ecosystems and planetary systems
and the human societies which depend on them. Uncertainty applies in two senses; the first
relays uncertainty regarding events which are unknown—whether and when national pledges to
decarbonize will be met, for example—but where the outcomes contingent on those targets are
understood, at least broadly—that is, the biophysical and socioeconomic conditions which are
estimated to result from different emissions pathways. By contrast, environmental security also
implicates the notion of deep uncertainty, or ‘unknown unknowns’. The possibility of reaching
environmental tipping points, which may trigger a cascade of complex interactions, introduces
a level of uncertainty about how extensive security breakdowns may be because the full range
of catastrophic impacts may lay outside our current conceptions of human and international
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relations. It should be clarified, and emphasized, that deep uncertainty here refers not to whether
catastrophic effects may ensue from continuing on our current trajectory of carbon emissions and
biodiversity loss; there is scientific consensus around what the thresholds are, roughly, and what
the proximate impacts may likely be of reaching them. But combined with its systemic nature,
the comprehensive and paradigm-shifting impacts of environmental tipping points enhance the
difficulty of forecasting long-term security risks in the Anthropocene.

Some of the analytical challenges are surmountable, and governance models should find ways
to leverage diverse types of knowledge to help overcome them. For example, the links between
climate change, biodiversity loss and violent conflict are not inscrutable. An emerging literature
demonstrates, for example, that agriculturally dependent societies that exhibit high levels of
political exclusion are at the highest risk,** offering insights into geographic areas at highest
compound risk, as well as pointing to a road map of reform to mitigate the risks. Findings of
both conflict prevention and emergent climate-security literature alike privilege the role of
social and economic exclusion as central to explaining why conflict occurs and why its impacts
are disproportionately felt by certain groups. These findings should focus our attention on the
social processes of exclusion that not only make certain groups more vulnerable to the impacts of
environmental damage and conflict, but can, themselves, drive conflict. Where efforts to improve
the inclusion of local institutions reinforce efforts to help local communities map the everyday
security risks that they face, we begin to approach governance models capable of encompassing
the full range of complexity of environmental security risks. This is the objective of a World
Bank local governance project in Guinea, for example. The project facilitates identification of
local climate and security risks by communities, as well as priority investments to manage them,
which are included in local development plans to be financed by Guinea’s decentralization funds.

It is neither realistic nor necessary that governance models should eliminate uncertainty,
however. Decision making under uncertainty is a defining feature of individual and collective
life. Farmers choose crops to cultivate without knowing exactly how much rain there will be or
what market demand will look like at harvest. Central banks set interest rates in the presence of
uncertain external conditions, like financial markets or domestic productivity growth.?® Indeed,
the analysis of decision making under uncertainty has been a central focus of economics and
public policy since at least 1700.*° And, of course, military decision makers must make urgent
decisions with incomplete information that have clear life-and-death implications; hence, the
term ‘the fog of war’.

Rather, these observations demonstrate that incorporating uncertainty is a critical part of
governance, perhaps even more so in the Anthropocene, since to do otherwise means leaving those
most exposed to environmental hazards and conflict risks to navigate them alone. Recognizing
the complex, systemic and uncertain nature of Anthropocene risks shifts the emphasis to
sharing risk assessments and burdens with others to help overcome these barriers through
collective action and institutions. An effective governance system to manage these risks thus
begins with mechanisms aimed at improving our common understanding of interlinked environ-
mental security phenomena through collective and participatory approaches. By extension, the
importance of building common understanding of risk assessments across different actor groups
implicates trade-offs within artificial intelligence (AI) and other ‘black box’ approaches to risk
identification, where the inner workings of the methodology are understood by only a small hand-
ful of experts.

The distinctive characteristics of Anthropocene risks also point to the categories of security
risks which should be prioritized under Anthropocene governance models. For example, under
conditions of deep uncertainty noted above, governance models should emphasize the hedging
risks with low probability but high impact, given the potential for cascading, systemic effects.
The corollary is that plans which are designed for the most likely outcomes but that increase the
vulnerability to less likely events should be avoided. Instead, governance models should promote
adaptive policies that lead to acceptable outcomes in a large range of scenarios and that can be
revised when new information is available and when the context changes.

24 Busby, J. and von Uexkull, N, ‘Climate shocks and humanitarian crises’, Foreign Affairs, 29 Nov. 2018.
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Institutional challenges: Capacity and inclusiveness of and between
overlapping systems

Systemic risks can hardly be managed by individuals alone. They require a broad range of govern-
ance systems, spanning local neighbourhood communities to states to supranational institutions
operating on the principles of subsidiarity and comparative advantage.”’” For example, com-
munities have an advantage in managing small systemic risks (such as local violence or flooding)
because of their proximity to the groups of people affected and their potential advantage in
monitoring and resolving local tensions. However, risks often exist on a scale that communities
are simply not equipped to handle. For example, neighbourhoods are potentially able to maintain
their own drains, but urban flood prevention requires citywide drainage and land use planning
that only city governments can provide. Similarly, neighbourhoods can patrol against individual
criminals, but they are outmatched by the capacity of organized crime networks. When large
systemic risks cross national borders or overwhelm national capacities, support and coordination
from the international community is needed. The relative importance of communities, non-state
service providers, like civil society and local religious and non-governmental organizations, and
international humanitarian and development actors varies in relation to the capacity of the state.
In less developed countries, and especially in fragile and conflict-affected countries, informal
mechanisms tend to be more prevalent and the relative roles of the community and non-state
actors are larger. For these countries, the international community may also play a larger role
through financial assistance and capacity building.

Yet it is the question of state capacity which remains the primary focus of governance in terms
of managing environmental security risks. The state has a unique role in managing large systemic
risks because it has the scale and tools to prepare at the national and regional levels. Moreover,
states occupy a privileged position in this Westphalian world: states make and enforce domestic
law, possess significant financial resources, based on their powers of compulsory taxation, and are
uniquely capable of claiming to act legitimately for the common good of their citizens.*® And, of
course, it is states that conclude agreements at the international level.

State capacity refers to the ability to mobilize the state’s administrative apparatus to identify
risks, mitigate those they can and adapt to those they cannot prevent. Frequently discussions
of state capacity build on Mann’s concept of ‘infrastructural’ (as opposed to ‘despotic’) power:
the capacity ‘to implement logistically political decisions throughout the realm’.>® Francis
Fukuyama’s definition of governance as the ability to ‘make and enforce rules’ is also apt here,*°
though perhaps better rephrased as the ability to make and deploy plans, through mobilization
of the state’s bureaucratic, informational and fiscal resources.*" Especially in the context of
environmental change, conceptualizing state capacity requires us to take stock of the resilience
of institutions—their ability to respond to shocks. As such, a better definition of state capacity
might be the ability of the state ‘to mobilize and deploy resources in planning, enforcement and
response’.*

What does this look like in practice and how does one objectively assess the capacity of one
state relative to another? Existing data sets on state capacity are plentiful, with opinions generally
divided between quantifiable, objective indicators (such as tax revenues) versus perception-based
indicators (perceptions of how tax revenue is translated into services). The World Bank’s World-
wide Governance Indicators draw on surveys and appraisals from researchers, non-governmental
organizations (NGOs) and public officials to assess at six dimensions of government—Voice and
Accountability, Political Stability and Lack of Violence, Government Effectiveness, Regulatory
Quality, Rule of Law, and Control of Corruption—of which two, Government Effectiveness and

2 Subsidiarity is the principle that social and political issues should be dealt with at the most immediate level that is consistent with
their resolution to take advantage of greater proximity to and knowledge of risk. Comparative advantage suggests that risks should be
managed by the actor or system most capable of doing so. World Bank (note 25).

28 Tilly (note 1).

2 Mann, M., ‘The autonomous power of the state: its origins, mechanismsand results’, European journal of Sociology/Archives Européennes
de Sociologie, vol. 25, no. 2 (Nov. 1984).

Fukuyama, F., “‘What Is Governance?’, Governance, vol. 26, no. 3 (2013).
! Lindvall, J. and Teorell, ., State Capacity as Power: A Conceptual Framework (Department of Political Science, Lund University: Lund,
Ma§22016).
Busby (note 13).


https://www.cambridge.org/core/journals/european-journal-of-sociology-archives-europeennes-de-sociologie/article/abs/autonomous-power-of-the-state-its-origins-mechanisms-and-results/338F971178F06BCD3ABC9C573E67B2D8
https://onlinelibrary.wiley.com/doi/abs/10.1111/gove.12035
https://portal.research.lu.se/en/publications/state-capacity-as-power-a-conceptual-framework

6 ANNEX.ELEMENTS OF A PLANETARY EMERGENCY: ENVIRONMENT OF PEACE PART 1

Regulatory Quality, might fall under the rubric of ‘state capacity’.>®* Hanson and Sigman’s data set
divides state capacity into three axes—extractive capacity, coercive capacity and administrative
capacity—based on twenty-four indicators, stretching from statistical capacity to monopoly on the
use of force to administrative efficiency.**

In the context of climate change adaptation, the UN Hyogo Framework for Action provides yet
more nuanced criteria. Born of a 2005 conference, the self-assessment asks countries to evaluate:
(a) the degree of national and local institutions’ commitment to disaster risk reduction; (b) their
capacity for early warning; (c) their ability to harness knowledge, innovation and education to
promote resilience; (d) the reduction of underlying risk factors; and (e) the strengthening of
disaster preparedness for effective response at all levels.*

It would be naive to ignore the fact that states often fall far short in fulfilling these criteria,
however. This is all too vividly evident in the case of fragile and conflict-affected countries. Com-
munities and non-state actors play an important role across all configurations of citizen-state
relations but are especially important service providers where the state is weak or absent. Com-
munities are groups of people who interact frequently and share location or identity. Neighbour-
hood groups, religious groups and kinship groups are some examples. They work through informal
networks based on trust, reciprocity and social norms—what James Coleman and Robert Putnam
call ‘social capital’.** Communities almost always have more knowledge about local circumstances
and can therefore set priorities and produce more appropriate policy designs than centralized
planners;*’ they also have greater incentives and greater ability to influence local affairs.*®

Reliance on personal interactions and informal means of enforcement underlies the strength
of communities, but it is also the source of their weakness. Communities are not necessarily fair
or inclusive; they can be marked by strong inequalities in power and wealth. They may exclude
vulnerable people (chronically ill, widowed), new entrants (migrants, refugees), or those who
happen to be different (ethnic minorities). Exclusion has the dual, and mutually reinforcing, effects
of systematically exposing some groups to greater likelihood and impact of climate hazards, while
also generating grievances towards the state for failing to provide the required support.

The question of inclusion is thus intimately related to that of capacity, and not only at the
local level. The effective and legitimate deployment of capacity hinges on the inclusiveness of
the institution(s) in question. As Sen’s quote above underlines, democratic processes incentivize
political leaders to be more attentive to citizens’ needs, while freedoms of speech and press
facilitate better information—prompting governments to contend with events, even when the news
is unpleasant. Inclusion urges responsiveness to real conditions, while also making policymakers
more responsive to a wider swathe of competing stakeholders within a population.® The measure
ofinclusion is not strictly political in the narrow sense of electoral politics. Acemoglu and Robinson
define inclusion as characterized by ‘power broadly distributed in society’ with institutions that
‘constrain its arbitrary exercise’.*’

More than an asset to effective technocratic performance, though, inclusion is necessary to
ensure the peaceful moderation of differences among competing stakeholders in a society. At
each level, governance is a continuous dialogue between formal institutions, business, com-
munity and civil society. Who is included in this bargaining, who is excluded and what barriers
block entry determine not only the selection and implementation of policies;*" conflict often
arises out of exclusion from this dialogue and a subsequent sense of unequal distribution of
power and resources.*” Inclusive processes in institutions (both in and outside of government)
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are thus critical for generating widespread perceptions of their legitimacy, so that they can be
accepted as arbiters of competing claims by different groups within society. This is particularly
important for mitigating and adapting to climate change, as it involves complex and contested
decisions and difficult policy choices, which entail redistribution of significant costs and benefits
among society.** Under conditions where the state’s legitimacy is contested, there is not only a
higher chance of failing to achieve policy outcomes—hence the link to capacity—but also that the
distribution of costs on certain groups may provoke conflict by exacerbating grievances.

The foregoing observations highlight the mutually reinforcing notions of capacity and inclusion
for the ability of institutions to effectively implement policies to prepare for and respond to
environmental security risks. While state institutions are central, different configurations of
institutions—formal and informal, local, national and international—also reinforce each other
by filling gaps, as highlighted by the example of community and non-state actors above. But
their interactions are more diverse than that, including, inter alia, advocacy, norm-sharing and
coercion. These point to the dynamic nature of institutions in a system of overlapping govern-
ance systems. Returning to the example above in which community institutions exclude certain
groups, governments and NGOs can play a role by providing essential public goods and promoting
inclusion and respect for diversity through enacting anti-discrimination laws, conducting edu-
cational campaigns and encouraging interactions that promote cohesiveness. Where the states
behave similarly, international development assistance intended to build capacities over time can
also be conditioned on the inclusion of certain marginalized groups.

The interaction of governance systems need not be exclusively vertical, however. Increasing
interconnections and shared risks have led to a rise in horizontal networks that facilitate the
transfusion of ideas and norms and provide key forums for coordinating policy. Cities, for example,
have been on the front lines of climate change mitigation and adaptation, at times exhibiting
politicalleadership on climate change where states have been laggard. They face unique risk factors
and impacts of climate change: environmental (air pollution, the urban heat island effect); social
(in-migration and the growth of informal settlements); and economic (the high costs of climate
shocks).** Cities can be laboratories for change, with their potential to effectively implement
inclusive, locally appropriate solutions. But it is the networks within and of cities that makes
the marriage of local knowledge with institutional capacities, with the power to make plans and
implement them. Global and regional networks of cities—the C40 Cities Climate Leadership Group
and the World Mayors Council on Climate Change to name but two examples—have emerged as
examples of networks which span local and global scales.*” Cities are well-positioned to galvanize
internal coalitions of community-based organizations, business and local governments towards
climate action,*® while networks of cities enable the transmission of knowledge from local
experiments, which promotes the creation of new norms held to accountability by peers. Although
their limited fiscal resources expose the limits of cities’ institutional capacity relative to the state,
this has also spawned innovation. Creative financing models for urban climate strategies, drawing
on carbon finance, bonds and public-private partnerships, highlight the role of private sector
institutions in urban networks of climate change governance.*’

Regional organizations recall cities in that they are networked—their significance stems from
the dialogues of their constituent parts. A community of peers bound by shared challenges and a
common fate (by dint of their geography), regional organizations similarly offer a framework for the
transmission of knowledge, evolution of norms and mutual accountability. The Intergovernmental
Authority on Development (IGAD) which was originally founded in the wake of regional drought,
has adopted a 15-year regional climate security strategy in the wake of the Paris climate accord
and has formed regional early-warning systems. The Association of Southeast Asian Nations
(ASEAN) has, for example, initiated the Multi-Sectoral Framework for Climate Change and
Food Security. Regional organizations can complement weak state capacity with technocratic
intervention. But this does not happen in a political vacuum. The role of external donors (often
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Western powers) in shaping the climate action of regional intergovernmental organizations
has been noted. Internally, regional power politics can be an agent of exclusion within regional
organizations, dampening prospects for multilateral cooperation. This has been the case for the
South Asian Association for Regional Cooperation (SAARC). The organization is paralysed by the
India-Pakistan dispute, without a regional summit since a 2016 flashpoint between the two rivals.
Smaller member states have sought out collaboration through alternative networks, sometimes
with other regional organizations. The Asian Disaster Preparedness Center (ADPC), for example,
of which the Bangladeshi government is a national government development partner, draws on
a broad network of international, national and subnational institutions, both governmental and
non-governmental; among these are the regional organizations ASEAN, the Secretariat of the
Pacific Community (SPC) and the Mekong River Commission (MRC), in addition to SAARC.*®

The story of Pacific Small Island Developing States (SIDS) in international climate diplomacy
similarly highlights the potential for power politics to drive exclusion and injustice in inter-
national processes—and the promise of political coalition building as a counterweight dynamic.
Pacific SIDS account for 0.03 per cent of global greenhouse emissions but are uniquely, indeed
existentially, threatened by climate change.*” Rising sea levels, ocean acidification, coastal
erosion and extreme weather events endanger the livelihoods, food and water security of Pacific
SIDS; already, 10 of the top 30 countries with the highest annual disaster losses as a percentage of
gross domestic product are located in the Pacific.*® The slogan of the Pacific SIDS in climate change
diplomacy—1.5 to Stay Alive’—reflects the catastrophic projections for these countries if global
warming exceeds a temperature rise of 1.5°C. While the long-term threat is of rising sea levels
drowning low-lying islands, displacement of island populations is already underway as a result of
salt water intrusion and food insecurity.*

By dint of their location in the geographic ‘buffer zone’ between Asia and the United States,
the Pacific SIDS are trapped in the web of great power politics, balancing a growing reliance on
China (e.g. through infrastructure projects) with traditional security relationships with the USA,
Australia and New Zealand. Within this ‘new cold war’ environment, the priorities of the Pacific
SIDs, who emphasize climate change as their single greatest security threat, can be subsumed
in the wider web of more ‘traditional’ or ‘hard’ security interests. The Pacific SIDS have limited
diplomatic leverage on the major powers they rely on to make good on their commitments to
greenhouse gas emission reductions.*?

Coordinating and prioritizing climate change in their regional policy architecture (particularly
through the Pacific Islands Forum), the Pacific SIDS have joined forces in various formal and
informal groupings in the international climate regime, amplifying their voice through coordin-
ation and coalition building to overcome what former Marshall Islands Foreign Affairs Minister
Tony de Brum called ‘the practical and psychological barriers to accessing UN talks’.** In the
lead-up to the 2015 Paris climate convention, the Marshall Islands offered a case study of a country
punching above its diplomatic weight. Convening the High Ambition Coalition, an informal group
of approximately 40 countries committed to progressive proposals, the small Pacific Island state
was able to secure some of the region’s most ambitious goals, including the language related to
limiting temperature increases to 1.5°C above pre-industrial levels.**

The example of the Pacific SIDS underscores the power of networks in a world where they
remain insufficiently inclusive.®®> As with networks of city governments pressing ahead with
bold action in circumvention of more powerful, yet passive, national institutions, their success
in Paris highlights an emerging political strategy. But the risks they face also illustrate a new
security risk typology that combines aspects of national and human security—a fundamental
challenge to sovereignty, but with no armed actor at the gate. This is slow-onset risk, without an
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obvious, clear and present danger. And while it resounds with the broad focus of human security
on development as a means of protection from poverty, disease and crime, it exposes profound
contradictions in the underlying paradigms of growth and prosperity on which that development
would rely without far-reaching reform.

Normative challenges: Forging cooperation in a fracturing world

Taken together, these challenges and associated design requirements for a governance model of
environmental security risks point away from simple, state-centric approaches to governance
towards more complex ones. Acknowledgement of the increasingly diverse types of institutions
and actors who play a key role in governing underlines the need to deal with normative differences
among contexts and geographies. It also accentuates the fact that we are more mutually depend-
ent with other peoples than ever before. And just as this poses risks, as foregoing sections have
highlighted, it is also a foundation for realigning national and human security approaches.
Thus, in complement to the important analytical and organizational considerations implied by
the preceding analysis, the final dimension of this framework focuses on the conceptual and
normative shifts required to redefine security in the Anthropocene.*® This entails an effort not
just to understand the potential implications of environmental change, and communicate the
costs and benefits of possible mitigation and adaptation responses, but to help instil a shift in
thinking about how such change impacts a shared security space that connects human welfare,
national sovereignty and planetary boundaries.

Such an effort is hardly academic; its goal should be to reframe the understanding of environ-
mental security so that societal majorities can be achieved in favour of necessary mitigation and
adaptation policy regimes.?” Highlighting the risks to national security emanating from climate
change has been an effective means of rallying institutional attention and resources to the latter.
At the same time, the securitized language of ‘crisis’ and ‘emergency’ can evoke the need for
post-political, technocratic solutions,*® while the militarization of climate threatens to put it in
a basket with drugs, cancer and terror as the abstract, shifting target in another forever war.
To securitize the climate issue is to run the risk of tallying tactical successes in the absence of a
strategy.

What is necessary, then, is to reimagine security in the Anthropocene.*® For policymakers to
prioritize climate change because it, say, endangers military installations risks missing the forest
for the trees. This work is well under way, with the growing chorus of thinkers who situate the
climate issue in a conception of security that bridges the notion of ‘human’ and ‘hard’ security.
Naturally the remit of humanitarians and development workers, the idea of putting the human at
the centre of our security conception has proved universally salient during the Covid-19 pandemic,
whose shock and long-lasting aftershocks left a shared trauma on citizens and institutions. Yet,
simultaneously, the ambient USA-China tension in which the crisis was managed underscored
the enduring relevance of ‘hard’ security in a multipolar world. But perhaps the most memorable
legacy of the pandemic is the global scramble for vaccines, which mobilized national security
establishments to promote the health of citizens—and ease the stress on institutions and societies.
The overlap of individual, national and international interests during Covid-19 pushed societies to
an emerging norm, where the fate and actions—indeed, the security—of individuals and the global
society are understood as deeply entwined even within the arena of inevitable contestations.

This example illustrates how traditional notions of security—Hobbesian understanding of
security as protection from violence or Machiavellian understanding of security as the survival of
the regime—must be conceptually broadened and refreshed to incorporate the role of the environ-
ment as a conduit linking individual and collective security. The strategic and organizational
corollary of this conceptual shift is to better complement the classic instruments of defence and
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state diplomacy with economic aid, institutional capacity building and human development. Yet,
recognizing the unprecedented interconnectedness of risks as a defining feature of security in the
Anthropocene, ‘the most important instrument for managing and reducing risks is cooperation,
which, is henceforth the foundation of security’.*°

Despite the obvious need for collective efforts, however, signs suggest that a warming world
will be a less cooperative one.®* Trends in violent conflict have largely reversed after decades
of decline,®” as has a trend towards representative democracy;* increasing multipolarity has
been accompanied by increasing belligerence and a toxicity in political discourse.®* In a world of
tremendous inequality—in wealth and opportunity—expertise has become a proxy for privilege in
many quarters, and thus the target of scorn.®®

These trends suggest that the ability to inspire necessary broad societal shifts is under attack
at the very moment when it is most needed, highlighting the importance of leadership and bold
ideas. The power of radical ideas is sometimes neglected in policy discourse, where vague, voguish
‘clean’, ‘green’ and ‘smart’ solutions can deflect from serious reckoning with the sheer extent of
the transition required.®® But just because some policy alternatives appear unthinkable today,
does not mean they will remain so always. Increasingly, actors in the national security and
climate action space acknowledge that the ‘ideal’ policy option in fact depends on the possibility
of redefining what is considered ‘normal’, ‘possible’ and ‘acceptable’.®”

Norms are not changed overnight, but through inclusive processes that slowly shift the needle
of consensus within society, nudged along by leaders who challenge us to reimagine what is
possible—and translate words to action. Around an issue such as climate change, whose harms
are psychologically remote,*® whose vast collectiveness taxes our empathy,® there is urgency
for norms and policy processes to evolve mutually, mutually driving inclusion, legitimacy and
ambition in the other. There is no escaping politics here, in the grandest sense of the term, both in
negotiating the ambitions of the normative shift and in how to effect it. Leadership is the inevitable
quality necessary to drive consensus building towards new horizons. Should the leadership
required to reimagine be bottom-up or top-down, through the example of elites or the pressure of
mass protest? Are standards of accountability on new norms to be forged through international
law—in reimagining notions of territorial sovereignty, liability and reparation?’® Change comes
from networks within and of institutions—in conscientious attention and word choices by the
media,”" in the reframing of climate hazard and costs by economic decision makers,”” ininnovators
urging consumers to new consumption habits, and in governments making unprecedented public
commitments and investments in energy efficiency technologies and infrastructures.

% Smith (note 4).

Bukharin, I., ‘Environmental multilateralism: climate change and american decline’, Swarthmore International Relations Journal,
no. 2 (2017); and Fehl, C. and Thimm, J., ‘Dispensing with the indispensable nation?: multilateralism minus one in the trump era’, Global
Governance: A Review of Multilateralism and International Organizations, vol. 25, no. 1 (1 Mar. 2019).

2 UCDP Conflict Encyclopedia, Uppsala Conflict Data Program, accessed 26 June 2021.

Lihrmann, A. et al., Democracy Report 2020: Autocratization Surges—Resistance Grows (University of Gothenburg, Varieties of
Democracy Institute, V-Dem: Gothenburg, Sweden, Mar. 2020).

Lucas, C. H., ‘Concerning values: what underlies public polarisation about climate change?’, Geographical Research, vol. 56, no. 3
(2018).

Thunert, M., ‘Waning trust in (scientific) experts and expertise? Recent evidence from the United States and elsewhere’, eds
G. Leypoldt and M. Berg, Authority and Trust in US Culture and Society: Interdisciplinary Approaches and Perspectives, transcript (Verlag,
28 Feb. 2021).

6 Scoones, I. and Stirling, A., ‘Uncertainty and the politics of transformation’, eds I. Scoones and A. Stirling, The Politics of Uncertainty:
Challenges of Transformation, 1st edn (Routledge: Oxford, New York, 14 July 2020).

Giridharadas, A., ‘How America’s elites lost their grip’, Time, 21 Nov. 2019).

8 Gifford, R. et al., ‘Temporal pessimism and spatial optimism in environmental assessments: an 18-nation study’, Journal of
Environmental Psychology, vol. 29, no. 1 (1 Mar. 2009); and Leiserowitz, A., ‘Climate change risk perception and policy preferences: the role
of affect, imagery, and values’, Climatic Change, vol. 77, nos 1-2 (21 Aug. 2006).

o Slovic, P., ‘If I look at the mass I will never act: Psychic numbing and genocide’, ed. S. Roeser, Emotions and Risky Technologies,
International Library of Ethics, Law and Technology, vol. 5 (Springer Netherlands: Dordrecht, 2010).

0 Schrijver, N., ‘The impact of climate change: challenges for international law’, eds U. Fastenrath et al., From Bilateralism to Community
Interest: Essays in Honour of Bruno Simma (Oxford University Press: Oxford, 17 Mar. 2011).

Carrington, D., “‘Why the Guardian is changing the language it uses about the environment’, The Guardian, 17 May 2019.

Harris, P. G. and Symons, J., ‘Norm conflict in climate governance: Greenhouse gas accounting and the problem of consumption’,
Global Environmental Politics, vol. 13, no. 1 (Feb. 2013).


http://works.swarthmore.edu/swarthmoreirjournal/vol1/iss2/7/
https://brill.com/view/journals/gg/25/1/article-p23_4.xml
https://ucdp.uu.se/
https://vardemokrati.se/wp-content/uploads/2020/03/v-dem_democracyreport2020_20-03-18_final_lowres.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/1745-5871.12284
https://www.taylorfrancis.com/books/9781000163445
https://time.com/5735384/capitalism-reckoning-elitism-in-america-2019/
https://www.sciencedirect.com/science/article/pii/S0272494408000510
http://link.springer.com/10.1007/s10584-006-9059-9
http://link.springer.com/10.1007/s10584-006-9059-9
http://link.springer.com/10.1007/978-90-481-8647-1_3
http://www.oxfordscholarship.com/view/10.1093/acprof:oso/9780199588817.001.0001/acprof-9780199588817
http://www.theguardian.com/environment/2019/may/17/why-the-guardian-is-changing-the-language-it-uses-about-the-environment
https://direct.mit.edu/glep/article/13/1/9-29/14597

2. Human Security Risks in the
Anthropocene
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Humanity as part of the biosphere

The environment is not an externality to human systems. The biosphere is a
precondition for social justice, economic development and sustainability

Work on the interplay between nature and society has a long history. The concept of social-
ecological systems is one interpretation to emerge from this history. A social-ecological systems
(SES) approach rejects the perceived dichotomy between nature and society, and views places
as integrated systems of people and nature. In the SES approach, the ‘social’ refers to the human
dimension in its diverse facets (e.g. the economic, political, technological and cultural) and the
‘ecological’ to the thin layer of planet Earth where there is life, the biosphere.

The Earth’s biosphere encompasses all ecosystems (terrestrial, freshwater and marine) and
their plant, animal and microbial life (Mace et al. 2012, Folke et al. 2016). Human development
directly depends on this thin layer of life as a resource base that supports and enhances human
well-being in all its dimensions (e.g. quality of life in terms of freedom and choice, good social
relations, personal security and material needs). For example, the provision of nature contri-
butions to people (NCPs), such as food, timber, fibre, clean air, drinking water and medicines,
would be impossible without a functioning biosphere (Diaz et al. 2018, IPBES 2019). Equally
embedded in the biosphere are the so called non-material NCPs—dimensions of human well-being
that are intangible and unquantified (e.g. cultural, spiritual and relational), and therefore often
excluded from development decision making (Pascual et al. 2021).

The biosphere plays a key role in moderating the rest of the Earth system, including the climate
system, through its dynamic interplay with the atmosphere, water cycle and biogeochemical
cycles. For instance, the biosphere drives global biogeochemistry (e.g. carbon, nitrogen or phos-
phorus cycling between air, water and land), which affects global climate, soil fertility and ocean
productivity (Steffen et al. 2011). The biosphere also moderates the cycling of water, controlling
where it rains and how much, how this water flows across the land, where it ends up and in what
state, and finally the rate at which it evaporates and returns to the atmosphere (Rockstrém et al.
2014). Changes in the species making up the biosphere, their abundance, distribution or diversity,
have implications for food, water and climate security aspects of human development. This is
because species perform different key ecosystem functions that underpin these processes and
benefits. Furthermore, the genetic and species diversity making up the biosphere is crucial to
its ability to persist and adapt under changing conditions, as it allows for response diversity—the
variety of responses to a particular disturbance among organisms performing the same ecosystem
function (Elmgqvist et al. 2003). It is the interplay between functional and response diversity that
allows for the stability of ecosystem functions and services over time and that contributes to the
resilience of the Earth system and human development to the rapidly rising speed, scale and risks
of the Anthropocene (Mace et al. 2014).

A key feature of the SES approach is that it goes beyond a singular focus on the one-way flow
of materials from the biosphere to people (i.e. the dependency of humans on nature), to fully
acknowledge the dynamic interactions, feedbacks and co-development linking people and the
biosphere across space and time. It emphasizes that people, communities, economies, societies,
cultures are embedded parts of the biosphere and shape it, from local to global scales. At the
same time people, communities, economies, societies, cultures are shaped by, dependent on and
evolving with the biosphere, including a stable climate system (Folke et al. 2011, Haider et al.
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2021). Just as there is no economy without a society in which it is embedded, there is no society
that is not embedded in the biosphere. Human development cannot therefore be decoupled from
the biosphere, regardless of human ingenuity and technology. Therefore, focusing primarily on
wealth and inequality or social resilience while remaining ignorant about and disconnected from
the biosphere and its stewardship is not a recipe for long-term sustainability for people on Earth.

Human development needs to stay within planetary safe operating spaces

One of the most prominent frameworks to summarize how changes in the Earth system and
the biosphere underpin human prosperity in fundamental ways, is the ‘planetary boundaries’
framework. It was developed by Rockstrém et al. (2009) and identifies nine boundaries related
to critical Earth-system processes. These nine boundaries jointly define a ‘safe operating space’,
within which it is argued the relatively stable Earth conditions of the Holocene may be main-
tained. Of the seven measured planetary boundaries, four are currently transgressed (biosphere
integrity, climate change, biogeochemical flows and land-system change) (Steffen et al. 2015b).
An important update was published in 2018, with a stronger focus on the longer-term risks of
planetary change (Steffen et al. 2018). Steffen and colleagues suggest that as human activities
continue to modify several aspects of the Earth system in profound ways, for example, through
climate change, ‘self-reinforcing feedbacks could push the Earth System toward a planetary
threshold that, if crossed, could . . . cause continued warming on a “Hothouse Earth” pathway
even as human emissions are reduced’. While this assessment is characterized by multiple and
unavoidable uncertainties, it points to the profound long-term implications for peace and stability
of changes in the biosphere and climate system.

How are we doing in moving towards a safe and just space for humanity?
Merging planetary boundaries with aspirational social goals frameworks

Planetary boundaries propose the outer limits of pressure that humanity should place on critical
Earth systems in order to protect human well-being. Yet at the same time, human well-being also
depends on each person having access to the resources needed to meet the requirements for a good
quality of life. This thinking builds on a human needs-based approach to defining and measur-
ing social outcomes (Doyal and Gough 1984, Christie 1997). Human needs theory argues that
there are a finite number of basic human needs that are universal, satiable and non-substitutable.
‘Need satisfiers’ can vary between individuals and cultures, but arguably have certain universal
characteristics that may be measured empirically.

Kate Raworth developed the safe and just space (SJS) framework by combining the concept of
planetary boundaries with the complementary concept of social boundaries (Raworth 2017). It
visualizes sustainability in terms of a doughnut-shaped space where resource use is high enough
to meet people’s basic needs (the inner boundary), but not so high as to transgress planetary
boundaries (the outer boundary). The SJS framework includes 11 social objectives, which were
selected by Raworth based on a comprehensive text analysis of government submissions to
the United Nations Conference on Sustainable Development (Rio+20) in 2012. The objectives
reflect the main social goals mentioned in the majority of submissions, and thus align well with
contemporary policy, including the social objectives in the UN’s Sustainable Development Goals
(SDGs).

Combining the inner limits of social boundaries and the outer limits of planetary boundaries in
this way creates a space within which all of humanity can thrive by pursuing a range of possible
pathways that could deliver inclusive and sustainable development. This framework makes clear
one of humanity’s major challenges in the 21st century: to ensure that use of the Earth’s resources
achieves the human rights of all—7 billion people, rising to at least 9 billion—while simultaneously
ensuring that the total pressure on Earth systems remains within planetary boundaries.
Recent work by O’Neill et al. (2018) developed indicators designed to measure a ‘safe and just’
development space, by quantifying the resource use associated with meeting basic human needs
and comparing this to downscaled planetary boundaries for over 150 nations. They found that no
country meets the basic needs for its citizens at a globally sustainable level of resource use, and
that meeting the basic needs of all people on the planet would result in humanity transgressing
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multiple environmental limits, based on current relationships between resource use and human
well-being.

While the SJS framework aims to specify the social and planetary boundaries between which
humanity can thrive, it does not suggest specific pathways for getting into that safe and just space.
The precise configuration of the space will depend on the scale and boundary definitions chosen.
There are likely to be many possible pathways in that space, which will be aligned with differ-
ent cultures, visions and values, and with different costs, risks, and distributions of power and
benefits between social groups. So, there will be a range of outcomes for social justice. This makes
the process of adjudicating between them a deeply political one (Leach et al. 2018).

Enter the Anthropocene: The Great Acceleration

The Great Acceleration: Trends and implications

There is growing scientific recognition that we live in an epoch where humans have become a
dominant force of planetary change—termed the Anthropocene (Steffen etal. 2007). Debates about
the precise point in history that signifies the advent of the Anthropocene rage on (Subramanian
2019). However, one strong candidate has emerged from work led by the International Geosphere-
Biosphere Programme (IGBP), which synthesized research on socio-economic trends from
1750-2010 using 12 indicators associated with human activity. Another 12 indicators were used
to represent variables critical to Earth system structure and functioning, including atmospheric
composition, stratospheric ozone, the climate system, the water and nitrogen cycles, marine
ecosystems, land systems, tropical forests and terrestrial biosphere degradation. Based on the
globally aggregated data sets, the trends show a sharp increase after approximately 1950, which
has become popularly known as the ‘Great Acceleration’ (Steffen et al. 2007).

All of the results were updated in 2015 (Steffen et al. 2015a) and more details were added with
regards to differentiating between the contributions that different countries made to these trends.
The key point here being that while all humans on the planet are impacted by the trends, not all
are driving them equally. The results show the ways in which a small portion of the population is
affecting the planet, at its global scale. Over the past two centuries, the human population, the
economic wealth of some of that population and inequality—which is obviously masked by looking
at globally aggregated data sets—have all grown rapidly.

The first two factors are often described as resulting in increased resource consumption, as
demonstrated by trends in agriculture and food production, forestry, industrial development,
transport and international commerce, energy production and urbanization. Indeed, all
of these factors show an abrupt and dramatic rise in the latter part of the 20th century. Tele-
communications, tourism and foreign direct investment—useful as proxies for tracking the
growth of globalization—show a later dramatic increase, with the change occurring in the 1990s.
Below, we unpack some of the key indicators and their trends through the Great Acceleration.

Some trends do show signs of slowing, but the changes are due to different reasons. For instance,
the stratospheric ozone (measured in percentage loss) appears to be stabilizing, in part due to
international efforts through the Montreal Protocol. Marine fish capture is also declining but as
the result of declining wild fish and the need to shift to aquaculture, which shows a correspond-
ing rise. While the Great Acceleration has a few relevant indicators for marine systems, add-
itional work specific to the ‘Blue Acceleration’ (see box 2.1) has explored the combination of
climate impacts and expanding human activity within, or impacting on, marine ecosystems
(Jouffray et al. 2020). Trends show similar patterns of rise to the Great Acceleration, although
often with a time lag as activities on land later shift to activities within oceans. In terrestrial
systems, what appears to be the beginning of a stabilizing trend for the conversion of land to
human use in the last 60 years is likely due to agricultural intensification. While the transition
from extensive to intensive agriculture has allowed for higher yields in less land, which explains
the stabilizing trend, this has been at the expense of a steep increase in the use of artificial inputs
that led to severe environmental degradation and biodiversity loss (Rist et al. 2014, IPBES 2019).
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Box 2.1. The Blue Acceleration: Our dash for ocean resources mirrors what we have
already done to the land
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In 2019, researchers from the Stockholm Resilience Centre at Stockholm University synthesized 50 years of data
from shipping, drilling, deep-sea mining, aquaculture, bioprospecting and much more. They found clear signals of a
‘Blue Acceleration’—a recent and dramatic acceleration of human pressure on the world’s ocean, which began at the
start of the 21st century and shows no sign of slowing down (Jouffray et al. 2020).

Rising demand for fresh drinking and irrigation water, for example, means there are now 16 000 desalination
plants worldwide, which transform 65 million cubic metres of seawater per day, with rapid growth predicted for
floating plants. They suck in and kill small marine life and discharge warm, highly salty water that can disrupt
coastal ecosystems.

Meanwhile, there are more than 1.3 million kilometres of undersea telecommunications cables and more than
100 000 km of seabed pipelines carrying gas, oil, water or sewage. These are innocuous unless they leak after damage
from anchors or storms, but they are incompatible with some other seabed activities, such as dredging for sand.

Demand for fish—wild and farmed—is soaring worldwide and is projected to reach 154 million tonnes by 2030.
There is also the $385 billion nutraceutical market, which, for example, exploits the small crustacean krill for
omega-3 fatty acids. Millions of marine organisms are used each year for home decorations, jewellery and aquaria.
Bioprospecting for ingredients for medicines, cosmetics or other chemicals is also increasing.

The ‘Blue Acceleration’ is having major social and ecological consequences, often at odds with the rhetoric of
a sustainable and equitable blue economy that was put forward at the United Nations Conference on Sustainable
Development (Rio+20) in 2012. Exploitation of the ocean has tended to precede exploration, and while the ocean
is vast, it is not limitless. Serious concerns exist about potentially unsustainable growth trajectories and systemic
inequity in the current ocean economy. Access to ocean resources and the financial and technical capacity to engage
in the full range of ocean sectors are inequitably distributed. The majority of benefits are accrued by a small portion
of the global population, while the majority of harms, including from climate change impacts, are falling on the most
vulnerable.

Equity dimensions in the Anthropocene

There are many forms of inequalities and inequities that affect, and are affected by, the biosphere
in various ways and these relationships will play a key role on the human capacity to face the
new dynamics of the Anthropocene (see the following two subsections). Equity dimensions
are commonly divided into three categories: distributional equity, recognitional equity and
procedural equity (Leach et al. 2018). Distributional equity refers to the distribution of resources,
costs and benefits among people. Recognitional equity refers to recognition of interest holders and
respect for identity, values and associated rights. Procedural equity relates to how decisions are
being made. It thereby draws on theories about law, institutions, governance and participation,
and how groups and various interests are represented or have authority in decision making. These
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three categories can then be set in the context of equity of what (including opportunities, rights
and access) and among whom (including e.g. class, gender and ethnicity). The latter is also related
to the distinction between vertical and horizontal inequality (Stewart 2016). Vertical inequalities
are inequalities between all the people in a given group, for example, in the form of incomes
or educational attainment. Horizontal inequalities are inequalities between groups that share
similar characteristics, for example, ethnicity or gender. Finally, a cross-cutting dimension to
all these aspects or forms of equity is the fact that these dimensions can both be intra- and inter-
generational, the latter being particularly important to environmental sustainability (Spijkers
2018).

Effects of the biosphere on inequality

Inequality is affected both by geographical and biophysical preconditions, as well as changes in
the biosphere and climate system in different ways. For example, different parts of the world
differ in terms of the potential for agriculture, water availability for drinking and irrigation,
the availability of minerals and metals, forest resources and other forms of natural capital or
ecosystem services/NCPs (Scheffer et al. 2017, Managi 2018). Even in parts of the world where
these resources are available, there are often substantial differences in the access to them among
different groups in society. Environmental risks also differ between countries, regions and social
groups. In many parts of the world, people with lower levels of income and education are often
more exposed to the prevalent environmental risks than others. They may live in areas that are
more exposed to environmental risks and have lower coping and adaptive capacity to navigate
and recover from environmental shocks (Queiroz et al. forthcoming). The reasons for this are
multiple and range from an unawareness of the risks, many times perpetuated by unsustainable
practices or livelihood choices, to forced displacements into more vulnerable areas due to conflict,
or the lack of alternatives due to insufficient economic and material means to invest in prevention
and recovery after disasters. For example, extreme weather and climate-related disasters such
as heatwaves and storms have killed more than 410 000 people in the last decade, most of them
in low income and lower mid-income countries (IFRC 2020). In West Africa, climate change has
become a ‘threat multiplier’ in regions that are already vulnerable and/or fragile (Krampe 2019).
In the Sahel region, several climate-related trends such as the increased intensity and duration
of droughts and desertification are having disproportional impacts on the livelihoods of the most
vulnerable, who depend on local natural resources (Mbaye 2020). In the same region, the existing
trends of violent conflict have led to the displacement of millions of people, exacerbating pre-
existing environmental degradation in host sites and likely leading to further loss of resilience in
both displaced and host communities. Inequalities thus imply both risks and vulnerabilities for
the less wealthy, who tend to be hit the hardest by environmental shocks, progressively eroding
their resilience and contributing to the exacerbation of inequalities (Hamann et al. 2018).

Creeping changes in biosphere conditions also affect inequality. For example, climate change
does not only lead to increased global mean temperatures, but also has huge impacts on marine
species that are of great importance for food security. Modelling work shows that potential catches
of marine fisheries are likely to shift dramatically across regions in the world. As oceans become
warmer and more acidic, countries in South East Asia and West Africa can expect considerable
reductions in the future maximum potential catch. The opposite holds for fisheries in wealthier
regions like Northern Europe (Sumaila et al. 2011). By drawing on the most recent data related to
the impacts of climate change on marine fisheries, Blasiak et al. (2017) show that the vulnerability
to changes in fish stocks due to climate change is highest in Small Island Developing States
and Least Developed Countries. Impacts on fisheries, tend to go hand in hand with impacts on
terrestrial crop yields, thus resulting in possible cascading shocks as abrupt changes in the world’s
oceans could drive further changes in scarce land-based resources.

Thiault et al. (2019) elaborate this issue by combining climate models with global employment,
economic and food security data and assess the potential effects of climate change on two key food
sectors: agriculture and fishing. Their findings show that 90 per cent of the global population may
face decreases in productivity for both agriculture and fishing if greenhouse emissions are not
reduced; but more worryingly, the same countries that are vulnerable to changes in fisheries are
also vulnerable to agriculture changes due to climate change.
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Effects of inequality on the biosphere

The causality also goes the other way: increased inequality can cause changes in the biosphere and
the climate system (Hamann et al. 2018). Inequality can be a driver of behaviour in combination
with individual aspiration to adhere to social norms and copy the behaviours of those that are
seen as more successful (Genicot and Ray 2017). If those seen as more successful are behaving in
ways that are environmentally harmful (depending on the context, this may entail overconsump-
tion of luxury goods or having a meat-intensive diet), this could make others in society aspire
to the same behaviour—creating a cycle of environmentally harmful behaviours (Hamann et al.
2018). It has been suggested that having monetary wealth concentrations in the hands of a few
changes investment patterns in ways that contribute to tropical deforestation, thereby contribut-
ing to the loss of ecosystems’ functions (Ceddia 2020). Inequalities of voice and power have also
been linked to corruption in sectors associated with the extraction of natural resources, including
the violation of human rights and violence against defenders of the environment (Butt et al. 2019).

Inequalities also affect cooperation in sustaining local environmental commons. Empirical
evidence shows that horizontal inequality in terms of ethnicity or class hinders cooperation and
collective action by pitting groups against each other (Hamann et al. 2018). Conversely, in cases of
resource-rich areas, local individuals also have a high stake and vested interests in the common,
and evidence indicates that in such cases increasing inequality may increase cooperation
(Hamann et al. 2018). Theoretical predictions in fisheries suggest that a high market concen-
tration in relation to a fish stock may increase the likelihood of cooperation if those with market
power also have a long-term interest in keeping a flourishing fish stock (Beddington et al. 2007).
In such cases, powerful actors may prefer to decrease harvest rates in order to increase the stock.

However, as increases in market concentration often tend to be coupled with high profits for
market actors, the power of such actors may result in pressure to continue and increase wealth
accumulation and power that is not to the benefit of the greater good of society—rather, the
opposite (Leach et al. 2018). On the one hand, it has been proposed that more direct engagement
with the small number of large transnational corporations that currently dominate agriculture,
forestry and fisheries could leverage their market dominance to help drive supply chains towards
more sustainable production behaviours (Osterblom et al. 2015, Folke et al. 2019). On the other
hand, demands on these corporations to deliver continuous profit could undermine the business
case for corporate sustainability (Clapp 2015, 2021).

Human impacts on the Earth system and biosphere since the
Great Acceleration

Climate change: Trends and implications

Climate science has made impressive advancements in the last decades in exploring the dynamics
of the climate and Earth system, and the risks entailed with a changing climate.

As the work advanced by the Intergovernmental Panel on Climate Change (IPCC) has shown, it
is becoming increasingly clear that human activities, even during the economic slowdown result-
ing from the Covid-19 pandemic, are driving rapid increases in concentrations of greenhouse
gases and as a result also in global mean temperatures (IPCC 2014, Quéré et al. 2021). In addition,
the health crises created by the pandemic have intersected with extreme events triggered by a
changing climate, resulting in what some have called ‘compound climate risks’ (Phillips et al.
2020).

One key result from the recent synthesis by the World Meteorological Organization (WMO), the
IPCC and others (WMO 2019) is that ‘climate impacts are hitting harder and sooner than climate
assessments indicated even a decade ago’ (p.5), putting both ecosystems and people at risk
due to the risk of crossing critical tipping points. Accelerated sea level rise, ocean acidification,
the continued decrease of sea ice and ice masses, and increasing extreme weather events such
as heatwaves, wildfires and cyclones all point to the visible impacts of climate change already
today. As the IPCC has elaborated in detail (IPCC, 2018), the difference for people and nature
between 1.5 degrees Celsius and 2°C global warming are considerable. These include differences
in mean temperature both on land and in oceans, hot extremes in most inhabited regions, heavy
precipitation in several regions, and the probability of drought (IPCC, 2018, p. 9).
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Unfortunately, a recent report issued by the WMO (WMO 2020) indicates that there is a
40 per cent chance that the annual average global temperature will temporarily reach 1.5°C above
the pre-industrial level (the target set as a global ambition in the Paris Agreement) in at least one
of the next five years. As the WMO notes, this means that the next few years are likely to be the
warmest on record, with numerous cascading effects on extreme weather events, such as tropical
cyclones, and changes in precipitation patterns, to mention just a few.

Biodiversity Loss: Trends and implications

Over a relatively short time in history (the past 50 years), human population has doubled, the
global economy has grown nearly fourfold and global trade has grown tenfold. While this has
contributed to new economic opportunities, it has also led to massive impacts on biodiversity and
the Earth’s ecosystems. The recent Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) global assessment report on biodiversity and ecosystem services
(IPBES 2019) showed that an average of around 25 per cent of species in assessed animal and plant
groups are threatened, suggesting that around 1 million species already face extinction—many
within decades—unless action is taken to reduce the intensity of drivers of biodiversity loss.
Without such action, there will be a further acceleration in the global rate of species extinction,
which is already at least tens to hundreds of times higher than it has averaged over the past
10 million years.

On average, large terrestrial mammals have been extirpated from 75 per cent of their natural
ranges (IPBES 2019) and over 60 per cent of vertebrate animal populations have been lost since
the 1970s (WWF 2020). In fact, today, the biomass of humans and domesticated animals (cattle,
pigs and poultry) far surpasses the biomass of wild mammals. Recent estimates suggest that in
terms of biomass, 60 per cent of all mammals living on the planet are livestock, 36 per cent are
humans and only 4 per cent are wild species (Bar-On et al. 2018).

One of the most significant impacts of these overall declines in diversity (species, habitats,
forests, etc.) is an increasingly homogenized biosphere. Globally, local varieties and breeds of
domesticated plants and animals are disappearing. This loss of diversity, including genetic
diversity, poses a serious risk to global food security by undermining the resilience of many
agricultural systems to threats such as pests, pathogens and climate change. For example, as a
direct result of crop homogenization and increased pesticide and herbicide use, there has been
an estimated 40 per cent loss of insects (Sanchez-Bayo and Wyckhuys 2019), which results in a
steep pollination decline (Klein et al. 2007, IPBES 2016). As 75 per cent of crops used for human
food consumption are, at least to some degree, dependent on insect pollination, we can expect
severe negative impacts on food production. Already now, pollinator loss risks $235-577 billion
in global crop output annually (IPBES 2016, 2019). Many hotspots of agrobiodiversity and of crop
wild relatives are also under threat or lack formal protection, jeopardizing the pool of genetic
variation that underpins the long-term resilience of agricultural production and food systems in
the face of environmental change.

Land use change: Trends and implications

Land conversion to agriculture is the most important driver of land use change and decline of
natural habitats such as forests, wetlands and rangelands (IPBES 2019). Studies have shown that
nearly 40 per cent of all productive land on the Earth’s surface is used for agriculture (Foley et al.
2011). About 30 per cent of the world’s forests are considered to be permanently lost and deforest-
ation and forest degradation are continuing to increase at alarming rates (FAO 2020). Alongside
the detrimental consequences to biodiversity (80 per cent of the world’s terrestrial biodiversity
depends on forest habitats) and climate mitigation (forests are one of the main terrestrial carbon
sinks), deforestation poses a major threat to the livelihoods of 1.6 billion people globally, one
million of whom are among the most vulnerable people (IUCN 2021).

Land use change shows significant regional differences and the global trends presented above
can be unequally distributed across the planet. For example, deforestation trends are mainly
increasing in the Global South, driven by international food trade and the consequent con-
version of tropical forests to the production of beef, sugar cane, soyabeans, oil palm and cocoa
(Winkler et al. 2021). In contrast, forest gains, driven by, for example, afforestation policies
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(such as in the case of China) or agricultural land abandonment (such as in the case of Europe)
(Queiroz et al. 2014, Winkler et al. 2021) have been the predominant trend in the Global North
during the last decades.

Soil erosion, which is mainly driven by loss of plant cover, is a slow form of land degradation
that has profound, and many times permanent, impacts on biogeochemical cycles and land pro-
ductivity, along with still poorly quantified potential impacts on climate change (Borrelli et al.
2017). About 75 billion tonnes of soil are eroded every year from cultivated lands worldwide, with
an estimated financial loss of $400 billion per year. If current rates of soil loss continue, the future
of farming and millions of agricultural livelihoods around the world are at risk. Soil is also the
biggest store of terrestrial carbon. Land degradation in all its forms affects the levels of organic
carbon in the soil, and croplands can lose 50 per cent or more of their organic carbon compared
with natural habitats (IPBES 2019). Loss of organic carbon in the soil has severe impacts on
climate, soil water and nutrient retention capacity, and soil biodiversity.

The above dynamics also capture why agriculture is one of the key drivers of climate change,
contributing to at least 25 per cent the total greenhouse gas emissions. At the same time, food and
agricultural systems will be largely impacted by these trends (IPCC 2019). For example, climate
change can alter the relationships among crops, pests, pathogens and weeds. Moreover, it might
exacerbate trends such as declines in pollinating insects, increasing water scarcity and increasing
concentrations of ground-level ozone (Myers et al. 2017), and some of these consequences are
already being felt in vulnerable parts of the world.

Oceans: Trends and implications

Marine ecosystems, from coastal to deep sea, have been hugely influenced by human actions,
with coastal marine ecosystems displaying large historical losses in both extent and condition,
as well as rapid ongoing declines. Studies show that over 40 per cent of the ocean area was
strongly affected by multiple human drivers in 2008, and that 66 per cent has been experiencing
increasing cumulative impacts since then (Halpern et al. 2015, 2019). Live coral cover on reefs
has nearly halved in the past 150 years, and the decline has dramatically accelerated over the
past two or three decades due to increased water temperature and ocean acidification interacting
with and further exacerbating other drivers of loss (Gardner et al. 2003, Bruno and Selig 2007,
Hughes et al. 2010). Similarly, global assessments have found that seagrass beds have been dis-
appearing at a rate of 110 km? per year since 1980 and that 29 per cent of the known areal extent
has disappeared since seagrass areas were initially recorded in 1879 (Waycott et al. 2009). Coastal
marine ecosystems, such as coral reefs and seagrass beds, are among the most productive systems
globally, and their loss and deterioration reduce their ability to protect shorelines, and the people
and species that live there, from storms, as well as their ability to provide sustainable livelihoods.

The severe impacts on ocean ecosystems are also illustrated by 33 per cent of fish stocks being
classified as overexploited and greater than 55 per cent of the ocean area being subject to industrial
fishing (Pauly et al. 2003, Worm et al. 2009). Recent assessments by Hilborn et al. (2020), have
found that, in some areas, management efforts are leading to improving stock abundance.
However, in many places, these same trends do not hold. Moreover, management efforts are being
undermined by illegal, unreported and unregulated exploitation of fisheries and the conflicts that
often emerge in response (Pomeroy et al. 2007, Spijkers et al. 2019). These combined pressures are
reducing the resilience of ocean ecosystems—or their ability to remain productive in the face of
shocks and disturbances.

Furthermore, oceans function as huge carbon sinks and absorb about a quarter of the carbon
dioxide that humans put into the air, primarily through the burning of fossil fuels (Gattuso et al.
2015). This carbon dioxide has caused accelerated acidification in the oceans, currently occurring
at a rate not seen on Earth for over 50 million years (Nagelkerken and Connell 2015), with severe
impacts on ocean health, marine biodiversity and those who depend on it for their livelihoods and
well-being. Acidification reduces the ability of animals to calcify and make their own shells, and
threatens marine ecosystems such as coral reefs (Pandolfi et al. 2011). This acidification trend is
combined with trends in fertilizer use from intensive agriculture. Dead zones can be caused by
fertilizer run-off and they are increasing in number and growing in scale around the world (Diaz
and Rosenberg 2008, Altieri and Gedan 2015). Climate change is also driving the long-term persist-
ent warming of the global ocean that has been occurring over the past century, with far-reaching
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implications for marine ecosystems. Concurrent with this, discrete periods of extreme regional
ocean warming (marine heatwaves, MHWSs) have increased in frequency (Oliver et al. 2018).
These MHWS have deleterious impacts across a range of biological processes and taxa, including
critical foundation species (corals, seagrasses and kelps), and have the capacity to restructure
entire ecosystems and disrupt the provision of ecological goods and services in coming decades
(Smale et al. 2019).

Risk and turbulence in the Anthropocene

Regime shift trends and implications

Human changes to the biosphere are increasing the occurrence of regime shifts—large, abrupt
and persistent critical transitions in the function and structure of social-ecological systems
(Scheffer et al. 2001, Biggs et al. 2012a, Hughes et al. 2013). Evidence of such shifts can be found
in multiple social-ecological systems and at multiple geographical scales, from the local (e.g. a
lake) to the global (e.g. the Earth system). Many of these shifts are also associated with loss of
key ecosystem services that underpin livelihoods, economic activities and human development
(Rocha et al. 2014).

The regime shift concept has its roots in catastrophe theory, an area of dynamical systems
theory that analyses abrupt changes in system behaviour. Similar, and related, dynamics and
concepts have been applied and further developed in disciplines such as ecology, physical
oceanography and climate science. ‘Tipping elements’ (TEs) in the climate system are a good
illustration of this. These include melting sea ice and Greenland and Antarctic ice sheets, changes
in ocean and atmospheric circulation, and loss or alteration of critical biomes such as the large
forests in the Amazon region and boreal forests in Russia and Canada (Lenton et al. 2019). Many
of these regions and processes are changing rapidly because of human pressures, such as through
deforestation induced by expanding soy plantations (Amazon) or paper production (boreal
forests). Human activities and the Great Acceleration are rapidly changing the internal dynamics
and driving feedbacks of TEs, with subsequent effects on the stability of the climate system as a
whole (Steffen et al. 2018).

The precise impacts of such abrupt shifts on people and their well-being are difficult to summar-
ize briefly due to social, economic and ecological uncertainties, complex interactions, and their
context dependence. In addition, domino effects between different abrupt changes in the climate
and ecosystems could have large, yet unquantifiable, impacts on livelihoods in land- and seascapes
(Rocha et al. 2018). These connections between human, ecological and technical systems, and the
associated possibility of cascading failures, can in some regards be seen as systemic risks prone
to ‘normal accidents’ that emerge in surprising ways, thus seriously challenging the capacity of
institutions and communities to respond quickly (Galaz et al. 2011) (see the following section for
more details).

Exploring such impacts requires the definition of at least the following dimensions: the social-
ecological system of interest (e.g. coastal ecosystems, a coral reef ecosystem or agricultural
landscapes); geographical scale (e.g. local, regional or global); and the temporal scale (short-term,
decadal or even millennial). For example, deforestation in the Brazilian Amazon and Cerrado
linked to abrupt shifts in precipitation patterns could seriously affect maize yields, with severe
food security implications in the Latin American region (Spera et al. 2020). Thresholds in agro-
ecosystems and water availability can threaten productivity and a suite of ecosystem services in
irrigated and rainfed agriculture, even in industrialized countries (Gordon et al. 2008). Climate
feedbacks driving the world towards high-end climate scenarios (Steffen et al. 2018) could lead to
very large stresses on people, especially in tropical regions, potentially forcing between one and
three billion (if other adaptation options are unavailable) to migrate by 2070 (Xu et al. 2020).

Abrupt and practically irreversible changes are not limited to biophysical and ecological
systems, however, as they also affect social systems, including shifts in values and mental models
(Milkoreit et al. 2018, Otto et al. 2020).
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Box 2.2. Zoonotic disease as an Anthropocene risk

Human development, health and environmental change are closely related. As a number of syntheses have noted
in recent years, climate change is likely to have numerous repercussions on human health all over the world both
through direct and indirect effects (Watts et al. 2017). Land-use change, climate change, and the loss of biodiversity
and ecosystem services interact in ways that endanger the health and well-being of people by increasing the exposure
to infectious disease (Jones et al. 2008, Marco et al. 2020), water scarcity, food scarcity, natural disasters, and
population displacement (Myers and Patz 2009). Zoonotic diseases are significant threats to human health, with
vector-borne diseases accounting for approximately 17 percent of all infectious diseases and causing (before the
Covid-19 pandemic) an estimated 700 000 deaths globally per year (Diaz et al. 2019, IPBES 2019). Already today,
millions of people die from illnesses that could have been treated with access to care—whether bacterial, viral
or other diseases. Among them are hundreds of thousands of people who die from diseases caused by antibiotic-
resistant bacteria, parasites and fungi (Laxminarayan et al. 2016).

The Covid-19 pandemic, with its impacts on human health, food security and economic stability all over the
world, clearly shows why such new health risks can no longer be ignored. While assessments of the economic impacts
of pandemics have been made several times by international agencies (Jonas 2014), the economic and human
development impacts of the still unfolding Covid-19 pandemic show an ever bleaker picture: larger losses in global
gross domestic product (-5.2 per cent for 2020) and the expectation ‘to plunge most countries into recession in 2020,
with per capita income contracting in the largest fraction of countries globally since 1870’. Needless to say, the most
vulnerable are the worst affected by these economic impacts, with increases in the extreme poverty rate and the
number of extreme poor, and seriously affecting over a billion men and women in the informal economy (Lee et al.
2020).

Therefore, understanding the drivers of increased disease risks such as zoonoses is of fundamental importance.
Loss of forest cover, construction of water systems, urbanization and demographic change have been proven to
spawn zoonotic pathogens, which are a significant cause of emerging and re-emerging infectious diseases, such as
coronaviruses, avian influenzas and the West Nile virus (Wilkinson et al. 2018). However, infectious disease risks
are dynamic and subject to multiple and complex drivers. For example, vector-borne infectious disease risks are
affected by not only changing temperatures, but also sea level rise. The geographical distribution of African trypano-
somiasis is predicted to shift due to temperature changes induced by climate change. Biodiversity loss may lead to an
increase in the transmission of infectious diseases such as Lyme disease, schistosomiasis, hantavirus and West Nile
virus. New estimates also indicate that increasing temperatures could expose more than 1.3 billion new people to the
risk of Zika virus by 2050. Further, the overuse of antibiotics is driving the rapid evolution of antibiotic resistance in
many bacterial pathogens (Jgrgensen et al. 2018).

Turbulence and risk in the Anthropocene

The Anthropocene is hyperconnected. Human migration, international trade, transnational
land acquisitions, spread of invasive species and technology diffusion occur at unprecedented
scales, underpinned by a global infrastructure that facilitates the movement of people, goods,
services, diseases and information (Reid et al. 2010). Actions taken in seemingly independent
places increasingly affect interlinked global social-ecological systems in unexpected ways, with
surprising mixes of immediate consequences, as well as cascading and distant effects. Such con-
nections can be a force for good. For example, remittances can help families cope with a suite
of problems in troubling times (Adger et al. 2002). Global information and communication
technologies have proven critical to helping coordinate national responses and facilitate
information sharing between scientists during the Covid-19 pandemic. Further, both local and
national resilience to food scarcity and shocks have been shown to be partly supported by the
international food trade (Porkka et al. 2013). These connections have also laid the foundation
for highly complex global supply chains and corporate networks, in some sectors dominated by
a handful of transnational corporations, which underpin global production and consumption
(Folke et al. 2019).

The flip side is that the hyperconnectivity increases the chances that small, local failures in a
system (e.g. a disease outbreak) escalate into global systemic risks (see box 2.2). For instance,
when a disease outbreak becomes—through air travel—a global epidemic, with impacts on global
health and with widespread consequences for businesses and economies worldwide. Systemicrisks
describe situations where a crisis or shock in one domain, such as ecosystem health, can increase
risk in an unbounded number of interdependent domains, such as our global climate, food and
water supplies, and energy and financial systems (Galaz et al. 2011, Helbing 2013, Centeno et al.
2015). They stem from interactions at the interface of multiple systems (e.g. climatic, ecological,
political, financial and technological), making it hard to identify causes and to foresee outcomes.

Thereisagrowinginterestinthoserisksthathaveaclear environmental or ecological dimension,
such as climate change, deforestation, extreme weather events or natural resource constraints.
Some authors have suggested moving beyond the notion of systemic risks and instead speaking of
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Anthropocene risks (Keys et al. 2019). One illustrative example of a systemic Anthropocene risk
is how the more efficient use of water in one area of the world can have massive consequences on
rainfall in another region. This is, for instance, the case in hydrological teleconnections that link
evaporation rates in one part of the world to the precipitations in other. For example, agricultural
intensification in India influences rainfed agriculture in East Africa. The situation presents a
delicate dilemma: if communities in India improve sustainable agriculture practices (reduced
irrigation and groundwater depletion), this could reduce the supply of water that evaporates and
lead to a significant depletion in East African rainfall, with corresponding consequences for the
productivity of local ecosystem services, such as water for animals, agriculture, trees and more.
Such an interruption in rainfall could also have regional impacts: it might trigger migration and
lead to conflict over the distribution of resources. Another related issue is the risk of current
land use homogenization leading to the homogenization of the terrestrial water cycle, with severe
consequences for planetary resilience (Levia et al. 2020).

The global food system is also part of emerging systemic Anthropocene risks (Nystrom et al.
2019). As food systems become increasingly interconnected and globalized (about one quarter
of all food production for human consumption is traded internationally (D’Odorico et al. 2014),
the effects of these drivers can create synchronous shocks across different regions and sectors. In
tandem with the massive growth of international trade there has been an increase in connections
between different food production sectors. For example, the aquaculture sector, which has
traditionally relied heavily on wild-caught fish as the main source for feed, is shifting towards
crop-based feed (e.g. soy, rapeseed and maize) in response to declining fish catches (Troell et al.
2014). This increased dependence of aquaculture on crops makes seafood production vulnerable
to droughts or crop pest outbreaks on land. Similarly, the collapse of fish stocks traditionally
used in feed has driven an increasing demand for soya and other feed crops at the expense of
crops for direct human consumption, leading to rising food prices, decreasing food exports
and, consequently, food shortages in distant developing countries dependent on food imports
(Seekell et al. 2017, Cottrell et al. 2019). Moreover, food production systems around the world
are increasingly exposed to the price fluctuations of inputs (e.g. fossil fuels, fertilizers and
technology); shifts in global consumer preferences (e.g. diets); changes in policies (e.g. regulations
on energy and exports); and financial speculation in food commodities. Recent food price spikes
in 2008 and 2010 provide an illustration of how energy prices, connected food production systems
and financial markets triggered shocks to societies and places around the globe, with vast
multisystem impacts on individuals, communities and political systems (including food riots and
violence in dozens of countries, e.g. Bangladesh, Burkina Faso, Cameroon, Egypt, Indonesia and
Yemen) (Biggs et al. 2011).

Such risks and their impacts on human development are difficult to quantify with greater
precision due to their multilevel and complex system properties. In such contexts, understanding
the social and ecological factors that avoid maladaptation and instead enhance resilience—such as
response diversity, redundancy and adaptive modes of governance—become essential (Biggs et al.
2012b). Hence, the impacts of a changing planet on human development will not only depend
on changes in frequencies of shocks (such as droughts, floods and extreme weather events), but
also the anatomy of connectivity across systems (such as land, oceans and climate), as well as
the brittleness of important biomes and ecosystems underpinning human development. A recent
synthesis by Rochaetal. (2018) based on 300 case studies and areview of more than 1000 academic
papers is an example of the former. This study showed that abrupt catastrophic shifts (known as
‘regime shifts’ in the literature) in one biome or ecosystem can trigger similar irreversible shifts
in other biomes, sectors and/or regions.
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