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Executive Summary

The IPCC Working Group II contribution to the Sixth Assessment Report addresses the challenges of
climate action in the context of sustainable development with a particular focus on climate change
impacts, adaptation and vulnerability. This chapter frames the point of departure and key concepts
building on the IPCC’s Fifth Assessment Report (WGII ARS), the Special Report on Global Warming of
1.5°C, the Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC) and the Special
Report on Climate Change and Land (SRCCL); as well as the WGI contributions to the Sixth Assessment
Report and compliments the contribution of the WGIII Sixth Assessment Report which will be published
after this report.

Since IPCC AR5, human influence on the Earth’s climate has become unequivocal, increasingly
apparent, and widespread, reflected in both the growing scientific literature and in the perception and
experiences of people worldwide (high confidence). Current changes in the climate system and those
expected in the future will increasingly have significant and deleterious impacts on human and natural
systems. The impacts of climate change and extreme weather events have adversely affected, or caused the
loss of ecosystems including terrestrial, freshwater, ocean and coastal ecosystems, including tropical coral
reefs; reduced food security; contributed to migration and displacement; damaged livelihoods, health and
security of people; and increased inequality. Climate change impacts are concurrent and.interact with other
significant societal changes that have become more salient since ARS, including a growing and urbanising
global population; significant inequality and demands for social justice; rapid technological.change;
continuing poverty, land and water degradation, biodiversity loss; food insecurity; and a global pandemic.
{1.1.1, 1.3, Cross-Working Group Box ATTRIB in Chapter 1}

Since ARS, climate action has grown in salience worldwide-across all levels of government as well as
among non-governmental organisations, small and large enterprises and citizens (high confidence). At
the international level the Paris Agreement and the Sustainable Development Goals (SDGs), along with other
targets and frameworks such as the Sendai Framework for Disaster Risk Reduction, the Convention on
Biological Diversity (CBD) Aichi targets, the Addis:Ababa Action Agenda for finance and the New Urban
Agenda, provide overarching goals andpolicy context. These agreements also provide policy goals used by
this IPCC Report to assess climate action across all levelsiof society. {1.1.2, 1.4.1, 1.4.3}

IPCC’s assessments have grown and changed substantially over the last three decades. Compared to
earlier [IPCC assessments, this report emphasizes a common risk-solution framing across all three working
groups. This report focuses on solutions for risk reduction and adaptation, provides more integration across
the natural and social.sciences, applies a more comprehensive risk framework; assesses adaptation directly in
the context of sectoral ot regional risks; engages with different forms of knowledge, including Indigenous
knowledge and Jocal knowledge;and includes an increasing focus on social justice. {1.1.4, 1.4.2, Cross-
Chapter Box ADAPT in Chapter L}

Adaptation plays a key.role in reducing risks and vulnerability from climate change. Implementing
adaptation and mitigation actions together with SDGs helps to exploit synergies, reduce trade-offs and
makes all three more effective. From a risk perspective, limiting atmospheric greenhouse gas
concentrations reduces climate-related hazards while adaptation and sustainable development reduce
exposure and‘vulnerability to those hazards. Adaptation facilitates development, which is increasingly
hindered by impacts and risks from climate change. Development facilitates adaptation by expanding the
resources and capacity to reduce climate risks and vulnerability. {1.1.3, 1.5.1, 1.5.3}

The concepts of risk and risk management have become increasingly central to climate change
literature, research, practice and decision making (medium confidence). Risk, defined as the potential for
adverse consequences for human and ecological systems, recognising the diversity of values and objectives
associated with such systems, provides a framework for understanding the increasingly severe,
interconnected and often irreversible impacts of climate change; how these impacts differentially affect
different regions, sectors and populations; how to allocate resources best to manage the resulting risks and
how to evaluate the responses that reduce residual risks for current and future generations, economies and
ecosystems. {1.2.1, 1.3.1, 1.4.2}
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The concepts of adaptation, vulnerability, resilience and risk provide overlapping, alternative entry
points for the climate change challenge (high confidence). Vulnerability is a component of risk, but also
an important focus independently, improving understanding of the differential impacts of climate change on
people of different gender, race, wealth, social status and other attributes. Vulnerability also provides an
important link between climate adaptation and disaster risk reduction. Resilience, which can refer to either a
process or outcome, encompasses not just the concept of maintaining essential function, identity and
structure, but also maintaining a capacity for transformation. Such transformations bring forth questions of
justice, power and politics. {1.2.1, 1.4.1}

Risks from climate change differ through space and time and cascade across and within regions and
systems. The total risk in any location may thus differ from the sum of individual risks if these
interactions, as well as risks from responses themselves, are not considered (high confidence). The risks
of climate change responses include the possibility of mitigation or adaptation responses not achieving their
intended objectives or having trade-offs or adverse side effects for other societal objectives. Another core
area of complexity in climate risk is the behaviour of systems, which includes multiple stressors unfolding
together, cascading or compounding interactions within and across sectors and regions and non-linear
responses and the potential for surprises, all of which is crucial for effective decision-making.and decision-
support methods. The key risks assessed in this report become important in interaction withthe cultures,
values, ethics, identities, experiences and knowledge systems of affected communities and societies. {1.3.1}

Increasingly, impacts are detected and attributed to the changing climate. Improved understanding of
deep history (palaeoclimate and biotic responses) suggests.that past climate changes'have already
caused substantial ecological, evolutionary and socio-economic impacts (high confidence). Many recent
impacts are not detected, due to a shortage of monitoring and.robust attribution analysis (high
confidence). Detection and attribution assessments inform/therisk assessment by demonstrating the
sensitivity of a system to climate change, and they.can inform the lossiand damage estimates including those
involved in potential climate litigation cases. Robustdetection and attribution methods now exist, they play a
significant role in increasing awareness and willingness to act.among decision makers and the general
population. {1.3.2.1, Cross-Working Group Box"ATTRIB in Chapter 1, Cross-Chapter Box PALEO in
Chapter 1}

Narratives play an important role in communicating climate risks and motivating solutions. A
narrative describes a chronological chain of events, often-with a premise and conclusions. In the AR6, as in
previous IPCC assessments,'climate change scenarios and related narratives (also called storylines) are
central in the analysis, synthesis and communication of climate change impacts and of adaptation and
mitigation responses. AR6.employs narratives to describe the assumptions, evolution and driving forces for
the Representative Concentration Pathways (RCPs) and Shared Socioeconomic Pathways (SSPs) and links
these to Global WarmingLevels (GWLs) as a complement to RCPs and SSPs for framing impacts (Ch1
Cross-Chapter Box CLIMATE). Natratives can also be enablers of transformation by communicating
societal goals and the actions neededto achieve them {1.2.2,1.3.3, 1.5.2}

ARG6highlights adaptation solutions and the extent to which they are successful and adequate at
reducing climate risk, increasing resilience and pursuing other climate-related societal goals. For
adaptation, a solution is defined as an option which is effective, feasible and conforms to principles of
justice. Effectiveness.refers to the extent to which an action is anticipated or is observed to reduce climate-
related risk. Feasibility refers to the extent to which a measure is considered possible and desirable in a
particular context. A successful action is one observed to be effective, feasible and just. Adequacy refers to a
set of solutions that together are sufficient to avoid dangerous, intolerable, or severe climate risks. {1.4}

Indigenous knowledge and local knowledge (IK and LK) can provide important understanding for
acting effectively on climate risk and can help diversify knowledge that may enrich adaptation policy
and practice (high confidence). Indigenous Peoples have been faced with adaptation challenges for
centuries and have developed strategies for resilience in changing environments that can enrich and
strengthen current and future adaptation efforts. Valuing IK and LK is also important for recognition, a key
component of climate justice. {1.3.2.3}
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ARG highlights three principles of climate justice: distributive justice, procedural justice and
recognition. Distributive justice refers to the allocation of burdens and benefits among individuals, nations
and generations; procedural justice refers to who decides and participates in decision-making; and
recognition entails basic respect and robust engagement with and fair consideration of diverse cultures and
perspectives. This report considers all three principles in the assessment of adaptation options and evaluates
the extent to which better outcomes are obtained by choosing just ones. Since potential trade-offs exist
among the principles, adaptation assessments will in general involve normative judgements as well as
science-based evidence. {1.4.1.1}

Concepts of justice and measures of well-being are increasingly used to evaluate the extent to which
climate change adaptation is equitable and effective (medium confidence). AR6 employs evaluation
frameworks based on both single and multi-criteria to assess adaptation effectiveness and consistency with
principles of justice. Single criteria frameworks aggregate many attributes into a one number or ranking,
often quantified using benefit-cost analysis or measures of social welfare. Existing decision processes often
favour such single criteria, which also correlate well with many measures of social progress and sustainable
development. Multi-criteria frameworks simultaneously report several different biophysical and socio-
economic attributes, which provides more information on potential trade-offs and synergies and can engage
with emerging concepts of well-being. {1.4.1.1, 1.4.1.2}

The concepts of enablers, catalysts and the solution space help AR6 assess 'ways to speed the
implementation of and expand the range of adaptation solutions: Many potential solutions exist, which
have not yet been implemented despite the gap between current and adequate levels of-adaption. Enablers
enhance the feasibility of adaptation options and include governance, finance and knowledge. Catalysts
accelerate and motivate the adaptation decision-making processsThe concept of solution space -- defined as
the space within which opportunities and constraints determine.why, how, when and who adapts to climate
risks — helps this report assess how human choices and exogenous changes can expand and contract the set
of effective, feasible and just solutions. {1.4.2}

Effective governance, adaptation finance and nature-based solutions are important enablers for
expanding the solutions space and reducing adaptation gaps:(high confidence). Actors at many scales
and in many sectors are adapting already and can take additional and more significant adaptation action.
These include individuals and households, communities, governments at all levels, private sector businesses,
non-governmental organisations and religious groups and social movements. Many forms of adaptation
(depending on the type of climatic risk and societal context) are likely to be more effective, cost-efficient,
and potentially also more equitable when organized collectively. Stronger governance and adaptation finance
capabilities are usually associated with mote ambitious adaptation plans and more effective implementation
of such plans. {1.4.2,1.4.2}

Monitoring and-Evaluation (M&E) of adaptation refers to a broad range of activities necessary for
tracking adaptation progressover time, improving adaptation effectiveness and successful iterative
risk management. Monitoring usually refers to continuous information gathering whereas evaluation
denotes more comprehensive assessments of effectiveness and equity, often resulting in recommendations
for decision'makers. In some: literatures M&E refers solely to efforts undertaken after implementation. In
other literatures, M&E refers both to efforts conducted before and after implementation. Since ARS, a
growing literature.provides initial inventories of adaptation plans and implementation worldwide, but
information on effectiveness remains scare (high confidence). {1.4.3, Cross-Chapter Box ADAPT in Chapter

1}

The concept of limits to adaptation is dynamic in terms of the temporal, spatial and contextual
dimensions of climate change risks, impacts and response. Socioeconomic, technological, governance
and institutional systems or policies can be changed or transformed in responses to the different dimensions
of adaptation limits to climate change and extreme events. Adaptation limits can be soft or hard. Soft
adaptation limits occur when options may exist but are currently not available to avoid intolerable risks
through adaptive actions and hard adaptation limits occur when no adaptive actions are possible to avoid
intolerable risks. The level of greenhouse gas reduction, adaptation and risk management measures are the
key factors determining if and when adaptation limits are reached. When a limit (soft) is reached, then
intolerable risks and impacts may occur and additional adaptations (incremental or transformational) would
be required. Transformational adaptation can allow a system to extend beyond its soft limits and prevent soft
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limits to become hard limits. The loss and damage associated with the future climate change impacts, beyond
the limits to adaptation, is an area of increasing focus, although yet to be fully developed in terms of methods
of assessing including non-economic values and identifying means to avoid and reduce both economic (loss
of asset, infrastructure, land etc.) and non-economic (loss of societal beliefs and values, cultural heritage,
biodiversity and ecosystem services) losses and damages. {1.4.4.1, 1.4.4.2}

Key concepts in this report provide a framework for assessing the urgency of climate change
adaptation. Adaptation is urgent to the extent that soft adaptation limits are currently being approached or
exceeded and that achieving levels of adaptation adequate to address these soft limits requires action at a
speed and scale faster than that represented by current trends (high confidence). In addition, adaptation is
urgent to the extent that any needed expansion of the future solution space requires near-term strengthening
and expansion of enablers such as governance, finance and information. Finally, adaptation is urgent to the
extent that current maladaptation and socio-economic trends, such as rapid urbanisation and continued
inequalities, lock in patterns of vulnerability and exposure that increase future risk (high confidence). {1.1.3,
1.4.4,1.5.1}

ARG highlights the role of transformation in meeting the Paris Agreement, the SDG and.other policy
goals. Transformation, and the related term transition, are pluralistic concepts, embracing the idea of major,
fundamental changes in society or natural systems as opposed to changes that'are minor,marginal, or
incremental. AR6 has a particular focus on transformational adaptation, which changes the fundamental
attributes of a socio-economic system in anticipation of climate change and its impacts: AR6 describes
transitions in five systems: energy, land and ecosystem, urban.and infrastructure, industrial and societal. In
the past, transformations of such scale have been associated not-only with technological and economic
changes, but with shifts in most aspects of society. {1.2.123; 1.4.4,1.5.1}

Future transformation could be deliberate, envisioned and intended by at least some societal actors,
who seek to expand the solution space, overcome soft limits to adaptation, reduce residual risk to tolerable
levels and achieve societal goals. If such a transformation is not pursued or is not successful and risk remains
above intolerable levels a forced transformation may occurdess.consistent with societal goals. The literature
describes incremental and transformational.change as linked processes. The transformational adaptation
literature suggests shifts from incremental to transformational processes are made possible by knowledge
and skills, as well adjustments to.vision, agendas and coalitions achieved through monitoring and learning.
The socio-ecological and sustainability transitions literature suggests that actors seeking deliberate
transformation may take incremental steps that aim to induce societal tipping point behaviour in the near or
longer-term. Alternative pathways for pursuing deliberate transformations range from a focus on
modernisation of sectors such as energy, agriculture and use of natural resources to proposals for degrowth
that aim for intentional decreases in both GDP and coupled GHG emissions. {1.2.1.3,1.4.4, 1.5.1}

Transformation is understood as-a collective action challenge among actors with both common and
differing values.interacting with a mix of competition and cooperation. Significant innovations often
begin in nichesor protected spaces, sometimes introduced by new entrants or outsiders. The drivers of
transformation are multi-dimensional, involving social, cultural, economic, environmental, technical and
political‘processes the.combination of which create the potential for abrupt and systemic change, the stability
of entrenched and.interlocked power structures and the importance of individual beliefs and behaviours.
Decision frameworks:that consider multiple objectives and multiple scenarios can avoid privileging some
views over others and help multiple actors to identify resilient and equitable solutions to complex, deeply
uncertain challenges. Nonetheless, common goals and narratives are both enablers of transformation and
help align the activities of multiple, loosely co-ordinated actors. {1.5.2}.

This report employs the climate resilient development concept to inform co-ordinated implementation
of adaptation and mitigation solutions to support sustainable development for all. As a transformation
that emerges from the choices of many different actors, climate resilient development follows no single or
preferred pathway and no single best combination of adaptation, mitigation and sustainable development
strategies. All pathways involve complex trade-offs and synergies among different actions. The climate
resilient development concept helps assess the extent to which solutions currently exist to meet societal goals
or the extent to which an expanded solution space is required. The concept also helps assess the role of
various actors, including governments, citizens, civil society, knowledge institutions, media, investors and
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businesses as well as assessing the need for arenas of engagement in which they can interact. {1.2.3, 1.5.2,
1.5.3}
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1.1  The Current Urgent Moment
1.1.1 A Changing Climate in a Changing World

Numerous additional significant climate-related changes have unfolded worldwide since publication of the
IPCC Fifth Assessment Report (ARS) in 2014 (IPCC, 2014a). Consistent with projections, multiple,
concurrent, changes in the physical climate system have grown more salient, including increasing global
temperatures, loss of ice volume, rising sea levels and changes in global precipitation patterns (WGI AR6
Chapter 1). The changes in the physical climate system, most notably more intensive extreme events, have
adversely affected natural and human systems around the world, contributing to a loss and degradation of
ecosystems including tropical coral reefs; reduced water and food security; increased damage to
infrastructure; additional mortality and morbidity; human migration and displacement; damaged livelihoods;
increased mental health issues; and increased inequality. Since ARS, a growing literature attributes change in
particular climate variables to observed damages to specific, localized human and natural systems in many
regions of the world, as shown in Figure 1.1 (Chapter 1 BOX ATTRIBUTE).

Concurrently, since ARS, a growing share of people around the world perceive a changing climate, regard
these changes as significant, and consider climate action as a matter of high urgency (Wilson.and Orlove,
2019; Section 17.4.5). A survey, representing over half the world’s population; found that almost two-thirds
of people across 50 countries view climate change as an emergency(Flynn et al., 2021), compared to just
over half across 23 countries in 2013 (Fagan, 2019). The highest.level of support for climate action is among
small-island developing states (74%), followed by high income.countries (72%), middle.income countries
(62%), and, then, least developed countries (58%) (Flynn et al.,.2021). Notably after mid-2018, global media
showed a large increase number of mentions of “global warming”; “climate change” and similar terms
(Thackeray et al., 2020). The business communities’ now.consistently includes climate change, including
“climate action failure” as a major risk (World Economic Forum, 2021). In'late 2019, protests calling for
strengthened climate action reached an unprecedented level of over 6000 events in 185 countries, with a
reported estimate of 7.6 million participants, largely led by the “Fridays for Future” youth movement
(Chase-Dunn and Almeida, 2020).

Since ARS, governments, businesses and civil society‘have increasingly responded with planning and actions
aimed at reducing current and future risks:from climate change (Section 1.1.2; Chapter 16 and 17). Concern
with climate change has increasingly motivated.actions:by governments, the private sector, and civil society
(Hale et al., 2021; Section 18.4.3). As described in this report, however, current climate policies and actions
alone are not sufficient to'meet stated policy goals (Section 1.1.3) (high confidence).

This report addresses the challenges of climate action in the context of sustainable development. Climate
action takes place«in a world already undergoing some of the most rapid and significant societal and
environmental change in decades (IPCC, 2018c, Box 1.1), including: species and ecosystems lost due to
land- and sea-use.change and pollution (IPBES, 2019a); a growing and urbanising world population (Gerten
et al., 2019; van Vliet et al., 2017); technology reshaping the workplace through automation (Schwab, 2017)
and information dissemination through social media (Mavrodieva et al., 2019; Pearce et al., 2019), and
increasing inequalities due to gender, poverty, age, race and ethnicity (Cross-Chapter Box GENDER in
Chapter 18). Economic inequality grows within nations even as it has narrowed among them (UN
Department of Economic and Social Affairs, 2020). International polycentric governance and nonstate actors
play an important role (Beck and Mahony, 2018; Sections 1.4.2 and 17.1.2.1). In 2020 and 2021, a global
pandemic dramatically affected the lives of most of the world’s population, likely accelerating many of the
changes already underway (Cross-Chapter Box COVID in Chapter 7).

The point of departure for this AR6 Working Group II report thus lies in rapid and significant changes in our
climate and our world, growing attentiveness to those changes, a gap between current climate action and that
needed to address policy goals, and a growing literature that improves understanding and informs potential
responses. This chapter defines key concepts and the connections among them useful for comprehending and
evaluating these changes, the risks they generate, and options for incremental and transformative solutions
that could reduce climate-related risks, impacts and vulnerability.
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Figure 1.1: Evidence of climate change impacts in many regions of the world. Global density. map shows climate
impact evidence, derived by machine-learning from 77,785 studies. Bar charts show the number of studies per continent
and impact category. Bars are coloured by the climate variable predicted to drive impacts. Colour.intensity indicates the
percentage of cells a study refers to where a trend in the climate variable.can be attributed (partially attributable: >0%
of grid cells, mostly attributable: >50% of grid cells) From Callaghan et al. (2021)

1.1.2  Policy Context

Since ARS, climate action has grown at all levels of governance as.well as among non-governmental
organisations, small and large enterprises,.and citizens. Two international agreements — the United Nations
Framework Convention on Climate Change (UNFCCC) Paris Agreement and the 2030 Agenda for
Sustainable Development — jointly.provide overarching goals for climate action. The 2015 Paris Agreement
frames direct local, national, and private sector actions aligned with long-term goals addressing mitigation,
adaptation, and finance. For mitigation, the agreement calls for “holding the increase in global average
temperature to well below.2°C above pre-industrial levels”, “pursuing efforts to limit the temperature
increase to 1.5°C,” and “reaching net-zero greenhouse gas emissions in the second half of this century”
(UNFCCC, 2016). Eor adaptation, the-agreement calls for “increasing the ability to adapt to the adverse
impacts of climate change and foster climate resilience” (UNFCCC, 2016, Article 2) as well as a dedicated
“global goal on adaptation” (Lesnikowski‘et al., 2017; Persson, 2019b). For finance, the agreement seeks to
make “financial flows consistent with.a pathway towards low greenhouse gas emissions and climate-resilient
development.”

The 2030-Agenda for Sustainable Development, adopted in 2015 by UN member states, sets out 17
Sustainable Development Goals (SDGs), frames policies for achieving a more sustainable future and aligns
efforts globally.to prioritizing ending extreme poverty, protecting the planet, and promoting more peaceful,
prosperous, and.inelusive societies. SDG 13 (“Climate Action”) provides benchmarks to align the Paris
Agreement’s call to “strengthen the global response to the threat of climate change, in the context of
sustainable development and efforts to eradicate poverty.” Since ARS, several new international conventions
have identified climate change adaptation and risk reduction as important global priorities for sustainable
development, including the Sendai Framework for Disaster Risk Reduction (SFDRR) (Tozier de la Poterie
and Baudoin, 2015; UNISDR, 2015), the finance-oriented Addis Ababa Action Agenda (UN, 2015), and the
New Urban Agenda (UN, 2017). For example, the SFDRR recognizes some disasters as “exacerbated by
climate change and increasing in frequency and intensity, significantly [impeding] progress towards
sustainable development” (UNISDR, 2015). The Convention on Biological Diversity (CBD) is one of the key
international legal instruments for sustainable development for "the conservation of biological diversity, the
sustainable use of its components and the fair and equitable sharing of the benefits arising out of the utilization of
genetic resources" (CBD, 2011). The CBD and its Aichi targets recognizes that biodiversity is affected by
climate change, with negative consequences for human well-being, but biodiversity, through the ecosystem
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services, contributes to both climate-change mitigation and adaptation (CBD, 2010). There is concern that
many of the proposed post-2020 Biodiversity-targets of the Convention on Biological Diversity (CBD) may
not be met due to climate change impacts (Arneth et al., 2020; post-2020 biodiversity targets from Chapter
2).

At the national level, over 2,315 laws and policies that address climate change now exist in 196 countries
and a number of territories as of May 2021 (Grantham Research Institute on Climate Change and the
Environment and Sabin Center for Climate Change Law, 2021). Sub-national and non-state actors, including
city and state governments and firms and investors, have also increasingly launched climate actions (Hale et
al., 2021). Climate change litigation is gaining salience for both governments and corporations as the number
of cases filed around the world grew from 834 between 1986 and 2014 to 1,006 since 2015 and growing
(Setzer and Higham, 2021).

[START BOX 1.1 HERE]
Box 1.1: Summary of IPCC ARS and Special Report findings

The IPCC WGII ARG6 builds upon key findings of the IPCC ARS, three subsequent special reports, and the
simultaneous assessment of the [IPCC WGI and WGIII AR6. The findings and assessment approaches
adopted across these reports have implications for the point of departure in the WGII AR6;.including the
strong recognition of the urgency for climate action, the enhanced focus on risk, and'the aim to connect the
search for near-term climate solutions with longer-term transitions: Headline conclusions of the IPCC AR5
include the following, directly quoted (IPCC, 2014a):

Human influence on the climate system is clear.

e Recent climate changes have had widespread impacts on human and natural systems.

Continued emission of greenhouse gases:will cause further warming and long-lasting changes in all
components of the climate system, increasing the likelihood of severe, pervasive and irreversible impacts
for people and ecosystems.

e Adaptation and mitigation are complementary strategies for reducing and managing the risks of climate
change.

e Substantial emissions reductions over the next.few decades can reduce climate risks in the 21st century
and beyond, increase prospects for effective adaptation, reduce the costs and challenges of mitigation in
the longer term and.contribute to climate-resilient pathways for sustainable development.

e Effective implementation depends-on policies and cooperation at all scales and can be enhanced through
integrated responses that link adaptation and mitigation with other societal objectives.

Compared to previous IPCC assessments of impacts, adaptation and vulnerability, the IPCC WGII AR5
assessment highlighted new data and more formal approaches for attributing observed climate changes and
impacts (Cramer et al., 2014; [PCC, 2014c), a more formal approach to risk in WGII (IPCC, 2014c; Jones et
al., 2014), and an expanded assessment of adaptation (Chambwera et al., 2014; IPCC, 2014c; Klein et al.,
2014a; Mimura et al., 2014; Noble et al., 2014).

At the time of the lPCC ARS, very few scientific studies relevant to the impacts of global warming of 1.5°C
above pre-industrial levels were available. In 2018, the [PCC concluded a Special Report on the impacts of
global warming of 1.5°C levels and related global greenhouse gas emission pathways, following an
invitation expressed in the Decision text of the Paris Agreement (UNFCCC, 2015a). The report assessed
available literature on global warming of 1.5°C and on comparison between global warming of 1.5°C and
2°C above preindustrial levels. It also addressed possible pathways for achieving the ambitious goals of the
Paris Agreement. Key findings from this report include the following, directly quoted (IPCC, 2018d):

e Global warming is /ikely to reach 1.5°C between 2030 and 2052 if it continues to increase at the current
rate.

e Climate-related risks for natural and human systems are higher for global warming of 1.5°C than at
present, but lower than at 2°C. Most adaptation needs will be lower for global warming of 1.5°C
compared to 2°C.
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¢ In model pathways with no or limited overshoot of 1.5°C, global net anthropogenic CO, emissions
decline by about 45% from 2010 levels by 2030 (40—-60% interquartile range), reaching net zero around
2050 (2045-2055 interquartile range).

e Pathways reflecting current nationally stated mitigation ambitions as submitted under the Paris
Agreement would not limit global warming to 1.5°C, even if supplemented by very challenging
increases in the scale and ambition of emissions reductions after 2030.

In 2019, a Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC) was published,
motivated by the observation that many of the world’s most exposed people to risks caused by climate
change live in the mountains or near the coast. Key findings include the following, directly quoted (IPCC,
2019c):

e Over the last decades, global warming has led to widespread shrinking of the cryosphere and
unabated ocean warming with an uptake of more than 90% of the excess heat in the climate system.
Marine heatwaves have doubled in frequency since 1982 and the oceans acidify (virtually certain).
Global mean sea level is rising, with acceleration in recent decades. Increases in tropical'cyclone
winds and rainfall exacerbate extreme sea level events and coastal hazards.

o All these trends have impacted ecosystems, food security, water resources, water quality,
livelihoods, health and well-being, infrastructure, transportation, tourism and recreation;.as well as
the culture of human societies, particularly for Indigenous peoples.

e The Greenland and Antarctic Ice Sheets are projected todose.mass at an increasing rate throughout
the 21st century and beyond. Projected ecosystem responses.include losses of species habitat and
diversity, and degradation of ecosystem functions. Warm-water corals are at high risk already and
are projected to transition to very high risk even'if global'warming is limited to 1.5°C.

¢ Increased mean and extreme sea level, alongside.ocean warming and acidification, are projected to
exacerbate risks for human communities in low-lying coastal areas. People with the highest exposure
and vulnerability are often those with lowest capacity to respond.

e Services provided by ocean and cryosphere-related ecosystems can be supported by protection,
restoration, precautionary ecosystem-based management of renewable resource use, and the
reduction of pollution and other stressors.

e Coastal communities face challenging choices in crafting context-specific and integrated responses
to sea level rise that balance Costs, benefits and trade-offs of available options and that can be
adjusted over time.

Also in 2019, IPCC published a Special Report on Climate Change and Land, addressing greenhouse gas
(GHG) fluxes in land-based ecosystemsy land use and sustainable land management in relation to climate
change adaptation and‘mitigation, desertification, land degradation and food security. Key findings include
the following, directly quoted (IPCC, 2019c):

e Human.use directly affectsimore than 70% of the global, ice-free land surface. Land also plays an
important role in the climate system. Climate change has adversely impacted food security and
terrestrial ecosystems as well as contributed to desertification and land degradation in many regions.
Changes.in land conditions, either from land-use or climate change, affect global and regional
climate.

e Pathways with higher demand for food, feed, and water, more resource-intensive consumption and
production, and more limited technological improvements in agriculture yields result in higher risks
from water scarcity in drylands, land degradation, and food insecurity. Most of the response options
assessed contribute positively to sustainable development and other societal goals. Sustainable land
management, including sustainable forest management, can prevent and reduce land degradation,
maintain land productivity, and sometimes reverse the adverse impacts of climate change on land
degradation. It can also contribute to mitigation and adaptation.

e Response options throughout the food system, from production to consumption, including food loss
and waste, can be deployed and scaled up to advance adaptation and mitigation. All assessed
modelled pathways that limit warming to 1.5°C or well below 2°C require land-based mitigation and
land-use change.
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The effectiveness of decision-making and governance is enhanced by the involvement of local
stakeholders (particularly those most vulnerable to climate change including Indigenous peoples and
local communities, women, and the poor and marginalised) in policies for land-based climate change
adaptation and mitigation.

Near-term action to address climate change adaptation and mitigation, desertification, land
degradation and food security can bring social, ecological, economic and development co-benefits.

In 2021, IPCC Working Group 1 published its Sixth Assessment Report on The Physical Science Basis. Key
findings from the report include the following, directly quoted from its SPM quoted (IPCC, 2019c):

The scale of recent changes across the climate system as a whole and the present state of many
aspects of the climate system are unprecedented over many centuries to many thousands of years.
Global surface temperature will continue to increase until at least the mid-century under all
emissions scenarios considered. Global warming of 1.5°C and 2°C will be exceeded during the 21st
century unless deep reductions in carbon dioxide and other greenhouse gas emissions occur in the
coming decades.

Many changes due to past and future greenhouse gas emissions are irreversible for centuries to
millennia, especially changes in the ocean, ice sheets and global sea level.

With further global warming, every region is projected to increasingly experience concurrent and
multiple changes in climatic impact-drivers. Changes in several climatic impact-drivers would be
more widespread at 2°C compared to 1.5°C global warming and even more widespread and/or
pronounced for higher warming levels. Low-likelihood outcomes, such as ice sheet collapse, abrupt
ocean circulation changes, some compound extreme events and warming substantially larger than
the assessed very likely range of future warming cannot'be ruled.out and are part of risk assessment.
From a physical science perspective, limiting human-induced global warming to a specific level
requires limiting cumulative CO2 emissions, reaching at least net zero CO2 emissions, along with
strong reductions in other greenhouse gas emissions. Strong, rapid and sustained reductions in
Chapter 4 emissions would also limit'the warming effect resulting from declining aerosol pollution
and would improve air quality.

Other assessment processes also inform the IPCC AR6. For example, a recent joint workshop between
IPBES and IPCC, the first of its kind; made key observations relevant to the work of [IPCC AR6 WG2
(Portner et al., 2021). In this broad context, the'workshop explored diverse facets of the interaction between
climate and biodiversity, from current trends to the role and implementation of nature-based solutions and
the sustainable development of human society. Key highlighting synopsis of the workshop include the
following, directly quoted from the workshop report:

Limiting global-warming to.ensure a habitable climate and protecting biodiversity are mutually
supporting goals, and their achievement is essential for sustainably and equitably providing benefits
to people.

Several land- and ocean-based actions to protect, sustainably manage and restore ecosystems have
co-benefits for climate mitigation, climate adaptation and biodiversity objectives.

Measures narrowly focused on climate mitigation and adaptation can have direct and indirect
negative impacts on nature and nature’s contributions to people.

Measures narrowly focusing on protection and restoration of biodiversity have generally important
knock-on-benefits for climate change mitigation, but those benefits may be sub-optimal compared to
measures that account for both biodiversity and climate.

Treating climate, biodiversity and human society as coupled systems is key to successful outcomes
from policy interventions.

Transformative change in governance of socio-ecological systems can help create climate and
biodiversity resilient development pathways.

[END BOX 1.1 HERE]
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1.1.3  Adaptation Efforts and Gaps

Adaptation to climate change plays a key role in reducing climate-related risks along with mitigation and
sustainable development. From a risk perspective (Section 1.2), emission reductions and carbon removal can
both reduce the greenhouse gas forcing and thus climate-related hazards while adaptation and sustainable
development reduce exposure and vulnerability to those hazards.

Important synergies and trade-offs exist among adaptation and mitigation actions (Section 1.5, Chapter 18).
Limiting atmospheric concentrations of greenhouse gases reduces the extent of adaptation needed to keep
risk within tolerable levels (Section 1.3; Chapter 16). From a global perspective, understanding of adaptation
and its limits can inform judgements about the best balance among levels of mitigation and adaptation .Such
judgements underlie the mitigation goals of the Paris Agreement. From a more local perspective, there exist
a wide range of mitigation scenarios (Cross-Chapter Box CLIMATE in Chapter 1), including those which
meet or miss the Paris Agreement goals, and overshoot scenarios in which global mean temperature exceed
targets for several decades before dropping to desired levels. Such scenarios inform assessments of the level
of adaptation that may be required (Section 1.4, Chapter 17).

Adaptation and sustainable development are also interlinked (Section 18.1). Adaptation facilitates
development, which is hindered by impacts and risks from climate change. Development facilitates
adaptation by expanding the resources and capacity available to manage climate risks. Viewed from a
climate justice perspective, some argue that a more just society is more capable of successtul adaptation
while others argue that only adaptation that results in a more just society can be judged successful (Section
1.4.1, Chapter 18).

Two concepts — adaptation gaps and limits to adaptation. —help-frame this report’s assessment of the extent
to which current adaptation efforts are adequate to.meet societal goals. Adaptation gaps are defined as “the
difference between actually implemented adaptation‘and.a societally-set goal, determined largely by
preferences related to tolerated climate change impacts and reflecting resource limitations and competing
priorities” (UNEP et al., 2021). Limits to adaptation describe the extent to which no plausible level of
adaptation can meet societal goals (Section:1.4.4). Within the limits, adaptation gaps can be closed by
increased and more successful adaptation actions. Beyond the limits, only mitigation can close adaptation

gaps.

Numerous climate-related impacts already cause severe damages in many places and are projected to
increase in the future (Chapter 16). Adaptation can reduce these risks, often significantly, but limits to
adaptation have already been reached or are being approached in some sectors and regions (Sections 16.3.1,
16.4). While natural systems worldwide are changing in response to climate change, many are not adapting
sufficiently quickly to retain theirresilience in the face of current and projected future climate change
(Section 16.4)! For human systems; humerous lines of evidence suggest that in many regions and sectors
current infrastructure, settlement patterns, policies, practices, and institutions remain inadequate for current
changes in climate conditions (Section 16.2). Inadequate or insufficient adaptation to current conditions is
called-an adaptation deficit.

In response, adaptation efforts have increased significantly since ARS (Sections 16.3, 17.2, 17.5.2, Chapter 1
Cross-Chapter Box ADAPT in Chapter 1). Assessing the adequacy and effectiveness of these efforts as
called for in Article 7 of the Paris Agreement remains challenging (Section 1.3.2.2), because much
adaptation is notrecorded in the literature and because assessment depends on judgements of effectiveness
(Section 1.4.1.2), judgements about societal goals including climate justice (Section 1.4.1.1), and
expectations about future greenhouse gas concentration pathways and other socio-economic conditions
(16.5, Cross-Chapter Box DEEP in Chapter 17).

Knowledge about adaptation has significantly expanded since AR5 (Cross-Chapter Box ADAPT in Chapter
1). While understanding regarding the extent of adaptation gaps remains limited, the available evidence
suggests significant adaptation gaps exist (high confidence). Many current adaptation efforts constitute
adaptation planning, rather than implementation (Section 16.3). Most current implementation efforts
represent incremental as opposed to transformational adaptation despite the proximity to adaptation limits
(Sections 17.2 and 17.5.2). Some current adaptation efforts are considered maladaptive because they increase
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some climate-related risks even if they reduce others (Sections 1.4.2.4 and 17.5; Chapter 16). Gaps exist in
key enablers of adaptation, such as finance (Cross-Chapter Box FINANCE in Chapter 17). Given the long-
time scales involved with many adaptation actions and the potential to significantly reduce longer-term costs
with near-term actions, closing many adaptation gaps requires actions over the next few years by
governments, business, civil society and individuals at a scale and speed significantly faster than that
represented by current trends.

1.1.4 What is New in the History of Interdisciplinary Climate Change Assessment

Interdisciplinary climate change assessment, which has played a prominent role in science—society
interactions on the climate issue since 1988, has advanced in important ways since AR5 (Mach and Field,
2017; Mitchell et al., 2006; Oppenheimer et al., 2019). Building on a substantially expanded scientific and
technical literature (Burkett et al., 2014; Minx et al., 2017), this AR6 report emphasizes at least three broad
themes.

First, this AR6 assessment has an increased focus on risk- and solutions-frameworks. The risk framing can
move beyond the limits of single best estimates or most-likely outcomes and include high-consequence
outcomes for which probabilities are low or in some cases unknown (Jones et.al., 2014; Mach and Field,
2017). In this report, the risk framing for the first time spans all three working-groups, includes risks from
the responses to climate change, considers dynamic and cascading consequences (Section 1.3.1.1), describes
with more geographic detail risks to people and ecosystems, and.assesses such risks over arange of
scenarios (Chapter 16). The focus on solutions encompasses the interconnections among climate responses,
sustainable development, and transformation—and the implications for governance across scales within the
public and private sectors (Section 17.5.2, Chapter 18). The assessment therefore includes climate-related
decision-making and risk management, climate-resilient development pathways, implementation and
evaluation of adaptation, and also limits to adaptation and loss and damage (Cross-Chapter Box LOSS in
Chapter 17, Section 1.4.4). Specific focal areas reflect contexts increasingly important for the
implementation of responses, such as cities (Chapter 6).

Second, emphases on social justice and«different forms of expertise have emerged (Section 1.4.1.1, 17.5.2).
As climate change impacts and implemented responses increasingly occur, there is heightened awareness of
the ways that climate responses interact with issues of justice and social progress. In this report, there is
expanded attention to inequity-in climate vulnerability and responses, the role of power and participation in
processes of implementation, unequal and differential impacts, and climate justice. The historic focus on
scientific literature has also been increasingly accompanied by attention to and incorporation of Indigenous
knowledge, local knowledge, and associated scholars (Section 1.3.2.3, Chapter 12).

Third, AR6 has.asmore extensive focus on the role of transformation in meeting societal goals (Section 1.5).

To supportthese.three themes; this report assesses a literature with an increasing diversity of topics and
geographical areas covered. The diversity is encompassed through sectoral and regional chapters (Chapters
2-15)-as well-as cross-chapter papers and boxes. The literature also increasingly evaluates the lived
experiences of climate change—the physical changes underway, the impacts for people and ecosystems, the
perceptions of therisks, and adaptation and mitigation responses planned and implemented. In particular,
scientific capabilities:to attribute individual extreme weather and climate events to greenhouse gas emissions
have gone from hypothetical to standard and routine over the last three decades, and societal perceptions of
these events and'their impacts for people and ecosystems are now being studied as well (Figure 1.1; Cross-
Working Group Box: ATTRIBUTION in Chapter 1; see synthesis in Chapter 16).

Finally, climate change assessment has become increasingly integrative across multiple disciplines within
the natural and social sciences. This report’s chapters combine experts across working groups and
disciplines, such as natural and social sciences, engineering, humanities, law, and business administration. In
this assessment cycle, the special reports (Allen et al., 2018; IPCC, 2019a; IPCC, 2019b) all emphasize such
integration, and the chapter teams in the present report integrate disciplinary perspectives and also science-
policy interactions inherent in climate change impacts, adaptation and vulnerability. There has been
increasing real-time assessment of the assessment process itself, including interpersonal dynamics and how
they shape key findings (Oppenheimer et al., 2019). Additionally, best practices are being adopted from
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applied decision and policy analysis, decision support, and co-production, in order to increase assessment
relevance and usability for decision-making (Hall et al., 2019; Mach et al., 2019). Methods of integration in
this report include systematic review, meta-analysis, multi-criteria integration, and expert elicitation (see
synthesis in Chapter 16). The emphasis on knowledge for action has also included the role of public
communication, stories, and narratives within assessment and associated outreach (Section 1.2.2).

1.2 Different Entry Points for Understanding Climate Change Impacts, Adaptation, and
Vulnerability

This section introduces key concepts used in this report and the connections between them that present
different entry points for understanding climate change impacts, adaptation, and vulnerability.

1.2.1 Overlapping, Complementary Entry Points

Many actors from different research and practice communities engage with understanding and responding to
climate risk. Not surprisingly, there thus exist alternative, overlapping, and complementary entry. points‘to
the discussion widely used throughout the literature and this report.

The concepts of risk and risk management have in recent years been central to climate change research and
practice related to impacts, adaptation, and vulnerability. The concepts provide a framewotk for
understanding climate change and its increasingly severe, interconnected, and irreversible impacts. They
support the implementation of solutions that reduce adverse conséquences, pursue opportunities, and enable
beneficial outcomes for people, economies, and nature (IPCC, 2014c; IPCC, 2018d). All three AR6 Working
Groups now apply a common risk framework (IPCC, 2020).

Additional concepts—adaptation, vulnerability, expesure; resiliencey-and transformation —also provide
important framings for the climate change challenge.
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Figure 1.2: Connecting Key Concepts in this Report The current coupled human and natural system is insufficiently

resilient and does not meet societal

goals of equity, well-being, and ecosystem health. Meeting the objectives of the

Paris Agreement, Sustainable Development Goals, and otherpolicy statements requires the system to move to a new
and more resilient state. Key concepts‘used in this report help illuminate our current situation and potential
solutions. These key concepts are usefully organized around the concepts of risk, solutions, and transformation. Risk
can prompt solutions and transformation. Both solutions and transformation seek to reduce some risks but may also
generate others. Solutions can enable transformation, and transformation can expand the set of feasible solutions.

Figure 1.2 displays'theConnections among:many of the key concepts used in this report. This chapter, the
Summary for Policymakers, Technical. Summary, and sectoral and regional chapters are organized around
the concepts of risks (Section 1.3),solutions (Section 1.4), and transformation (Section 1.5).

Key concepts that contribute to an understanding of risk include its components hazards, exposure, and

vulnerability (Section 1.2:1.1); the recognition that risks may be complex and cascading (Section 1.3.1.2);
and the reasons for concern framework used to summarize the most policy-relevant risks (Section 1.3.1.1).
Key concepts that contribute to an understanding of solutions include the enablers of governance, finance,
and knowledge (Section 1.4.2); learning processes supported by monitoring and evaluation (Section 1.4.3);

and nature-based solutions (Section 1.4.2). Transformation is supported by systems transitions in energy,
land, infrastructure, industry, and society (Section 1.5.1), which if successful can contribute to climate
resilient development (Section 1.5).

The centre of Figure 1.2 shows societal goals of equity, effectiveness, well-being, and climate justice as
articulated by the Paris Agreement, Sustainable Development Goals, and other policies and plans (Section

1.4.1). The ring around these goals shows the limits to adaptation (Section 1.4.4), potential for maladaptation

(Sections 1.4.2. 17.5.2), and loss and damage (Section 1.4.4.2) that present barriers to reaching these goals.

The concept of vulnerability can provide a unique window into the effects of climate change on different
communities, individuals, and ecosystems, in particular as human systems are affected by race, gender,
wealth inequalities, and other attributes (Section 1.2.1.2). The concept of adaptation can provide a unique
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window into the process of adjustment to climate change by human and natural systems (Section 1.2.1.3).
Resilience (Section 1.3.1.4) is a broad concept, encompassing both outcomes and processes, an ability to
main essential function, and an ability to transform.

The ball and cup diagrams (Holling, 1973) in Figure 1.2 indicate that the current coupled human and natural
system is not resilient, nor does it meet societal goals of equity, well-being, and ecosystem health. Some
types of transformation may prove inevitable (Section 1.5.1), either a deliberate transformation that results in
a more resilient state consistent with societal goals or a forced transformation to a system state inconsistent
with the goals.

1.2.1.1 Risk Framing

Risk in this report is defined as the potential for adverse consequences for human or ecological systems,
recognising the diversity of values and objectives associated with such systems. In the context of climate
change impacts, risks result from dynamic interactions between climate-related hazards with the exposure
and vulnerability of the affected human or ecological system. In the context of climate change responses,
risks result from the potential for such responses not achieving the intended objective(s), or from potential
trade-offs or negative side-effects (see Annex II: Glossary). Risk management is defined as:plans;.actions,
strategies or policies to reduce the likelihood and/or magnitude of adverse potential consequences, based on
assessed or perceived risks (see Annex II: Glossary).

A risk framing is increasingly used to assess climate change impacts on human and natural systems
(Connelly et al., 2018; IPCC, 2012; Mach and Field, 2017; O'Neill et al., 2017; see also WGII AR6 Sections
1.2.4.1, 16.1, and 17.3 and Cross-Chapter Box CLIMATE; Oppenheimer et al., 2014). A risk framing
reflects key dimensions of the climate challenge. These features include the:changing likelihoods of many
different outcomes (including adverse consequences and beneficial opportunities), uncertainties that will
persist, and different and contested values, priorities; and/goals (Jones.and Preston, 2011; Mach et al., 2016).
The IPCC ARG and associated Special Reports apply a broad definition of risk (WGI AR6 Cross-Chapter
Box 1.3. WGI ARG uses the Climatic Impact Driver (CID) terminology, rather than hazard, to neutrally
assess changing climatic conditions that'are relevant to human and natural systems, leaving the
determination of positive/negative consequences and resulting impacts and risks for WGII assessment (WGI
ARG6 Section 12.3). In most cases-throughout this WGII report, the term “risk” refers to the risks of climate
change impacts. The full assessment, however, incorporates all relevant risks from climate change impacts
and responses.

The broad definition of risk'involves quantitative and integrative understandings of risk (Mach and Field,
2017; Oppenheimer et al., 2014; see also Section 17.3). Risk is sometimes defined as the probability of a
consequence, multiplied by the magnitude of that consequence, acknowledging both the diversity of possible
consequences and the relevance of values. Yet it also applies in circumstances where probabilities cannot be
fully quantified (e.g:, Adger et.al.; 2013). For example, in some cases the probability and magnitude of
consequences may be more uncertain, dependent on complex dimensions of the climate (e.g., a cyclone, high
tide, and heatwave co-occurring) or the vulnerability of different communities (e.g., the ways in which social
networks and community.cohesion support most-vulnerable individuals during disasters) (Ford et al., 2018).
The determinants of risk vary dynamically through space and time (Jurgilevich et al., 2017; Viner et al.,
2020). They interact,.eompound, and cascade (Adger et al., 2018; Dawson, 2015; see also Section 16.1.2).

A risk framing supports connections with solutions (Adger et al., 2018; Jones and Preston, 2011; Mach et al.,
2016). First, a risk framing connects the present with the future. (Papathoma-Kohle et al., 2016). For
instance, whether wildfire or drought, recent experiences have demonstrated limits to current response
capacities, relevant to future preparedness (e.g., evacuation of large communities on tight time frames or
water management simultaneously responsive to intensifying drought and flooding). Second, a risk framing
emphasizes that uncertainties and complex interactions are integral to decision-making (Dawson, 2015;
Jones et al., 2014). The uncertainties include high-impact, low-probability outcomes and deep uncertainties
for which core processes are not understood and meaningful probabilities cannot be applied (Adler et al.,
2016see also Section 17.2.1 and Cross-Chapter Box DEEP in Chapter 17; Chapter 7 in SRCCL, IPCC,
2019a; Cross-Chapter Box 5 in SROCC, IPCC, 2019b). In these circumstances, risk assessment can occur
through tools used for risk management across contexts, such as insurance, business, social protection,
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security, and policy planning, and decision-making can be iterative and support dynamic adaptive pathways
through time (Aven, 2016; Jones and Preston, 2011; Watkiss et al., 2015; see also Section 17.3.2)

Iterative risk management (Vervoort and Gupta, 2018) emphasizes that anticipating and responding to
climate change does not consist of a single set of judgments at a single point in time, but rather an “ongoing
cycle of assessment, action, reassessment, learning, and response” (USGCRP, 2018). It is consistent with
most approaches applied for implementing adaptation (Jones et al., 2014; Jones and Preston, 2011). For
instance, the Paris Agreement is organized as a polycentric process (see Section 1.4) of iterative risk
management in which national governments pledge to take specific actions, those actions are monitored and
assessed, and nations asked to update their pledges in light of that assessment.

1.2.1.2  Vulnerability

Vulnerability is a component of risk, but also an important focus independently. Vulnerability in this report
is defined as the propensity or predisposition to be adversely affected and encompasses a variety of concepts
and elements including sensitivity or susceptibility to harm and lack of capacity to cope and adapt (see
Annex II: Glossary). Over the past several decades, approaches to analysing and assessing vulnerability' have
evolved. An early emphasis on top-down, biophysical evaluation of vulnerability included -and often started
with - exposure to climate hazards in assessing vulnerability. From this starting point, attention to bottom-up,
social and contextual determinants of vulnerability, which often differ, has emerged, although this approach
is incompletely applied or integrated across contexts (Bergstrand.et'al., 2015; Rufat et al., 2015; Spielman et
al., 2020; Taberna et al., 2020). Vulnerability is now widely understood to differ within communities and
across societies, also changing through time (Jurgilevich et al., 2017; Kienberger et al.; 2013; see also
Chapter 16). In the WGII ARG, assessment of the vulnerability.of people and ecosystems encompasses the
differing approaches that exist within the literature, both critiquing and harmonizing them based on available
evidence. In this context, exposure is defined as the presence of people; livelihoods; species or ecosystems;
environmental functions, services, and resources; infrastructure; or'economic, social, or cultural assets in
places and settings that could be adversely affected (Annex I1:.Glossary). Potentially affected places and
settings can be defined geographically, as well assmore dynamically; for example through transmission or
interconnections through markets or flows of people.

Vulnerability is also a link between the climate risk and disaster risk communities, recognizing
complementarities and differences between these communities. Disaster risk management is the set of
processes that improve undetrstanding of disaster risk, foster disaster risk reduction and transfer, and promote
continuous improvementin disaster preparedness, response, and recovery practices, increasing human
security, well-being, and sustainable development (see Annex II: Glossary). Climate risk and disaster risk are
increasingly addressed together, bridging the climate change adaptation and disaster risk reduction
communities (e.g [PCC,42012; UNDRR, 2019, especially Chapter 13 in that report). Building from the
scientific literature and adaptation and risk reduction practice, the IPCC Special Report on Extremes resulted
in several major IPCC advances that.continue to the present report, including emphasis on risk and climate-
related extremes (e.g., Burton et al., 2012; Lavell et al., 2012) and re-conceptualisation of vulnerability to
encompass both socialiand biophysical orientations (i.e., bridging contextual/bottom-up and climate-
driven/top-down approaches) (Cardona et al., 2012; Polsky et al., 2007). Linking disaster risk reduction and
climate change adaptation can also be an important basis for discussion in climate negotiations regarding the
allocation of funds needed for tackling climate change, especially in developing countries and small island
developing states (Begum et al., 2014). The integration of disaster risk management and climate change
adaptation in the'TPCC ARG is seen for example in the assessment of key risks within and across sectors and
regions, along with global-scale reasons for concern, which is attuned to extreme events and disasters
(Oppenheimer et al., 2014; see also Chapter 16). Additionally, the assessment of adaptation has prioritized
these interconnections (e.g., Mimura et al., 2014), as have literature and practice especially in the context of
sustainable development (e.g., Schipper et al., 2016).

1.2.1.3  Adaptation
Adaptation in this report is defined, in human systems, as the process of adjustment to actual or expected

climate and its effects, in order to moderate harm or exploit beneficial opportunities. In natural systems,
adaptation is the process of adjustment to actual climate and its effects; human intervention may facilitate
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adjustment to expected climate and its effects (see Annex II: Glossary). Adaptation planning in human
systems generally entails a process of iterative risk management. Different types of adaptation have been
distinguished, including anticipatory versus reactive, autonomous versus planned, and incremental versus
transformational adaptation (IPCC WGII glossaries for the TAR, AR4, AR5, and AR6; Chapters 16—18).
Adaptation is often seen as having five general stages: 1) awareness, 2) assessment, 3) planning, 4)
implementation, and 5) monitoring and evaluation (Jones et al., 2014; Mimura et al., 2014; Moser and
Boykoff, 2013; Noble et al., 2014; see also Section 17.4). Government, non-government, and private-sector
actors have adopted a wide variety of specific approaches to adaptation that, to varying degrees, address
these five general stages. Adaptation in natural systems includes “autonomous” adjustments through
ecological and evolutionary processes. It also involves the use of nature through ecosystem-based adaptation.
The role of species, biodiversity, and ecosystems in such adaptation options can range from the rehabilitation
or restoration of ecosystems (e.g., wetlands or mangroves) to hybrid combinations of “green and grey”
infrastructure (e.g., horizontal levees) (Chapters 2-3; IPBES, 2018).

The IPCC assessment of adaptation has evolved through time. The WGII AR4 included one chapter
dedicated to adaptation, the WGII AR5 expanded to four, and the WGII AR6 mainstreams adaptation
comprehensively throughout the report. Adaptation science is rapidly evolving, including evaluation of
adaptation effectiveness, feasibility, implementation, and maladaptation, although major knowledge gaps
persist in modeling and analysis (CCB ADAPT; Chapter 16; Section 1.4; Holman et al.,2019). The WGII
ARG emphasizes assessment of observed adaptation-related responses to climate change, governance and
decision-making in adaptation, and the role of adaptation in reducing key risks and’‘global-scale reasons for
concern, as well as limits to such adaptation (e.g., Chapters 16-and17). The assessment approach includes
adaptation needs, options, planning, and implementation across-sectors and regions, as well as adaptation
opportunities, constraints, and also limits (Capela Lourenc¢o et al.;2019; Eisenack et al., 2014; Herrmann and
Guenther, 2017; Klein et al., 2014b; Lehmann et al., 2015; Moser et al., 2019b; Oberlack, 2017; Oberlack
and Eisenack, 2014; Roggero, 2015; Russel et al., 2020; Sieber et al., 2018; Thaler et al., 2019; see also
Chapters 16 and 17).

Since ARS, more adaptation has progressed (IPCC, 2014a; Lesnikowski et al., 2016; see also Sections 16.2.5
and 17.2) and the focus of activity has expanded to include social, institutional, and governance dimensions
beyond engineered and technical options and to decision‘processes beyond technocratic, linear framings
(IPCC, 2014a; see also Chapter 17). Adaptation includes increasing attention to implementation, monitoring
and evaluation, and learning through time, not just planning processes (Section 17.3 and 17.5.1). On the one
hand, an important advance hasbeen recognition of generalized capacities, such as resources and knowledge,
necessary for the feasibility of effective adaptation. Adaptation thereby strongly overlaps with risk
management and with.the building of resilience and sustainable development (Chapters 17-18).

1.2.1.4 Resilience, Including Connections with Development Pathways and Transformation

Resiliencein this.report is defined as'the capacity of social, economic and environmental systems to cope
with a hazardous event or.trend or disturbance, responding or reorganising in ways that maintain their
essential function, identity and structure while also maintaining the capacity for adaptation, learning and
transformation (see Annex LI: Glossary). Resilience is an entry point commonly used, although under a wide
spectrum of meanings (Aldunce et al., 2015; Fisichelli et al., 2016; Flood and Schechtman, 2014; Meerow et
al., 2016; Moser et al.;2019a; Reghezza-Zitt et al., 2012; Tanner et al., 2015). Resilience as a system trait
overlaps with'concepts of vulnerability, adaptive capacity, and thereby risk, and resilience as a strategy
overlaps with risk management, adaptation, and also transformation (Moser et al., 2019a; Woodruff et al.,
2018). Implemented adaptation is often organized around resilience as bouncing back and returning to a
previous state after a disturbance (Fisichelli et al., 2016).

In much of the literature, resilience encompasses not just maintaining essential function, identity, and
structure, but also maintaining a capacity for adaptation, learning, and transformation. Since the earliest
framings of resilience around stability and persistence, ecology and allied fields have come to recognize that
while systems are often persistent in the face of disturbance, disturbance also creates opportunity for
transformation and the emergence of new pathways (Section 1.5.2) (Allen and Holling, 2010; Doppelt, 2017;
Folke, 2006; Folke et al., 2010; Gelcich et al., 2010; Stockholm Resilience Center, 2015). Across this
literature, disturbance is framed as outside the system in question, for which the timeframes and spatial
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scales of disturbances, impacts, and responses are central to outcomes (Béné et al., 2011; Brown, 2014;
Hamborg et al., 2020). Endogenous processes of transformation are presented as emergent, characterized by
thresholds, and as a result very difficult to anticipate (Hughes et al., 2013; Scheffer et al., 2001; Scheffer et
al., 2015; Scheffer et al., 2012; Suding and Hobbs, 2009; Walker and Meyers, 2004). In the last 5 years
(2016-2020), the concept of resilience has gained prominence as a core theme in the climate change
adaptation literature (Nalau and Verrall, 2021).

Often, development and adaptation communities of practice default to persistence and stability in their use of
resilience (Cote and Nightingale, 2012; MacKinnon and Derickson, 2013). Such a framing aligns resilience
with a long-standing but increasingly questioned belief that sustainable development can be achieved
through incremental adjustments in behaviour and advances in technology that allow for the persistence of
existing socio-economic and socio-ecological arrangements (Banerjee, 2003; Klauer, 1999; Redclift, 2005;
UN Inter-agency Task Force on Financing for Development 2019; Chap 18; Section 1.5). However, the
literature increasingly suggests that the achievement of sustainable development will require transformative
change in socio-ecological systems at scales ranging from the community to the globe. The conceptof
climate resilient development, initially introduced in AR5 and now a key focus in this report (see Chapter
18), engages with such transformations and the associated questions of justice, power, and politics as‘shaped
by internal, endogenous social factors and their interactions with other drivers,of change (Carr, 2019;
Eriksen et al., 2015; Nightingale, 2015b; Nightingale et al., 2019; see also.Chapter 18).

1.2.2  Narratives, Storylines, Scenarios and Pathways

The concepts of narratives, storylines, scenarios, and pathways play an important role in this report. While
distinct concepts, they are inter-related and sometimes confused.

A narrative is a story with a chronological order or, when‘cast-in the form of an‘argument, with premises
and conclusions (Adger et al., 2001; Roe, 1991). Narratives enable people to envision what various potential
futures may mean for environments and livelihoods:and in this way facilitate the development of scenarios
for the future (Miller et al., 2015). Narratives can also play a keyrole.in enabling collective action (Section
1.5) by helping disparate groups co-create a common vision'of a desirable future and achieve a common
understanding of actions needed to move towards that future (Linnér and Wibeck, 2019; Muiderman et al.,
2020).

A narrative contains a storyline'in addition to a set of actors (Elliott, 2005). A storyline is a series of events
including their causal connections within a narrative. The IPCC and climate change literature more broadly
often use the terms storylines and narratives interchangeably (O’Neill et al., 2017; see also WGI AR6 Cross-
Chapter Box 6 in Chapter.1'and Sections 1.4.4 and 10.5.3). A scenario storyline refers to a narrative
description of a scenario including its main characteristics, relationships between driving forces and how
these factors evolve (AR6'WG1 Section 1.4.4.2). Storylines are used to assess risks related to low-
likelihood, but high-impact events (Sutton, 2018). In this use of the terms, narratives and storylines do not
include specific actors. There'is also.a critical literature on the use of narratives and storylines based on
projected scenarios, which points out the conservative character of these concepts whose performative effect
tends to.preserve the status quoand the current socio-economic relationships. (Chollet and Felli, 2015;
Demortain, 2019; Lovbrand.et al., 2015; Malm and Hornborg, 2014; Theys J. and Cornu, 2019).

Standard research communication may fail to engage policymakers, media and the public at large (WGI AR6
Section 1.2.4)Rather, policies and decision-making tend to be based on narratives and storylines (Roe,
1994; Roe, 2017). Although mathematical models and narratives are often presumed to be antithetical, in
practice they may be complementary and work together (Morgan and Wise, 2017). Communicating research
insights through storylines and narratives may have a better chance of transmitting key messages. AR6
employs these communication tools in many places, for instance storylines for constructing and
communicating regional climate information or climate services (WGI AR6 Chapter 10, Chapter 12) or
“Low-Likelihood High Warming Storylines” (Chapter 4). To better communicate deep uncertainty in sea
level rise projections, WGI uses storylines to describe the physical events that would have to unfold to
generate its high-end estimates (Cross-Chapter Box DEEP in Chapter 17).

Scenarios are defined in [PCC reports as plausible descriptions of how the future may develop, based on a
coherent and internally consistent set of assumptions about key driving forces (e.g., rate of technological
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change, prices) and relationships (Annex II: Glossary). Scenarios are neither predictions nor forecasts but
rather ‘foresights’, which imply envisioning challenging futures (Vervoort and Gupta, 2018). Scenarios are
used to provide a view of the potential consequences and implications of developments and actions in a
‘what-if” mode of exploring the future (AR6 WGIII Section 1.5.1; AR6 WGI Section 1.6.1). They may be
presented as numerical or mental models. Climate change scenarios are generated by climate modellers to
highlight possible alternative greenhouse gas emission pathways and are used to develop and integrate
projections of emissions and their climate change impacts and for analysing and contrasting climate policy
choices. Cross-Chapter Box CLIMATE in Chapter 1 describes scenarios used in this report.

Pathways are one element of a larger scenario (O’Neill et al., 2017), focusing on just one element of a larger
system of drivers, emissions or concentrations. Scenarios provide one means to represent deep uncertainty
when there is disagreement or uncertainty about conceptual models (IPCC, 2019b; Cross-Chapter Box DEEP
in Chapter 17). In addition, scenarios provide several important functions in decision support. A lack of
strong association with probabilities enables scenarios to promote buy-in from parties to a decision who hold
different expectations about the future, helping them to expand the range of futures and options they
consider. The process of generating scenarios can serve as the focus of participatory stakeholder exercises
and processes, and scenarios can also be used to support risk management by stress testing alternative
policies and identifying robust and adaptive policies under conditions of deepiuncertainty (Cross-Chapter
Box DEEP in Chapter 17).

[START CROSS-CHAPTER BOX CLIMATE HERE]

Cross-Chapter Box CLIMATE: Climate Reference Periods, Global Warming Levels, and Common
Climate Dimensions

Authors: Steven Rose (USA), Richard Betts (United Kingdom), Philippus Wester (Nepal/Netherlands), Aris
Koutroulis (Greece)

This Cross-Chapter Box sets out common climate dimensions to contextualize and facilitate AR6 WGII
analyses, presentation, synthesis, and communication-of assessed, observed and projected climate change
impacts across WGII Chapters and Cross-Chapter Papers. “Common climate dimensions” are defined as
common Global Warming Levels (GWLSs), timeperiods;-and levels of other variables as needed by WGII
authors for consistent communications. The set of climate variable ranges given below were derived from
the AR6 WGI report andsupporting resources and help contextualize and inform the projection of potential
future climate impacts and key risks. The information enables the mapping of climate variable levels to
climate projectionsiand-vice versa, with ranges of results provided to characterize the physical uncertainties
relevant to assessing climate impacts risk.

ARG6 WGI Reference Periods, Climate Projections and Global Warming Levels

AR6WGI adopts a commonsset of reference years and time periods to assess observed and projected climate
change, namely the pre-industrial (PI) period, the current ‘modern’ period and future reference time periods.
The IPCC Glossary defines the pre-industrial period as “the multi-century period prior to the onset of large-
scale industrial activity‘around 1750. The reference period 1850-1900 is used to approximate pre-industrial
global mean sutface temperature (GMST)”. The ‘modern’ period is defined as 1995 to 2014 in AR6, while
three future reference periods are used for presenting climate change projections, namely near-term (2021-
2040), mid-term (2041-2060) and long-term (2081-2100), in both the AR6 WGI and WGII reports.
Importantly, the historical rate of warming assessed by WGI in ARG is different to that assessed in AR5 and
SR1.5, due to methodological updates (see WGI Cross-Chapter Box 2.3 in Chapter 2 for details). This means
that the ‘modern’ period is assessed as slightly warmer compared to 1850-1900 than it would have been with
ARS5-era methods. This also has implications for the projected timing of reaching policy-relevant levels of
global warming, which need to be understood.

To explore and investigate climate futures, climate change projections are developed using sets of different
input projections. These inputs consist of sets of projections of greenhouse gas emissions, aerosols or aerosol
precursor emissions, land use change, and concentrations designed to facilitate evaluation of a large climate
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space and enable climate modelling experiments. For ARS (and the CMIP5 climate model experiments), the
input projections were referred to as Representative Concentration Pathways (RCPs). For AR6 (and the
CMIP6 climate model experiments), new sets of inputs are used and referred to as SSP scenarios, where SSP
refers to socioeconomic assumptions called the Shared Socio-Economic Pathways (SSPs).

The RCPs are a set of four trajectories that span a large radiative forcing range, defined as increased energy
input at surface level in Watts per square meter, ranging from 2.6 W m? (RCP2.6) to 8.5 W m? (RCPS8.5) by
the end of the 21st century, with RCP4.5 and RCP6.0 as intermediate scenarios, and RCP2.6 a peak and
decline scenario reaching 3 W m™ before 2100. A range of emissions scenarios compatible with each
specific RCP was also assessed in ARS (Ciais et al., 2013).

A core set of five SSP scenarios, namely SSP1-1.9, SSP1-2.6, SSP2—4.5, SSP3-7.0, and SSP5-8.5, was
selected in the AR6 WGI report with the objective to fill certain gaps identified in the RCPs (see AR6 WG1
Cross-Chapter Box 1.4 in Chapter 1). The first number in the label is the particular set of socioeconomic
assumptions driving the emissions and other climate forcing inputs taken up by climate models and.the
second number is the radiative forcing level reached in 2100. WG1 Cross-Chapter Box 1.4 in Chapter'1
provides a comparison of this core set of SSP scenarios with scenarios used in previous reports, with SSP1—
1.9 a low overshoot scenario consistent with limiting global average warmingto 1.5°C, and'SSP1-2.6 a
scenario consistent with limiting warming to 2°C.

Also of importance to the impact literature and the WGII report are' SSP-RCP combinations; that is, studies
that employ climate outcomes based on RCPs and socio-economic assumptions based on'SSPs. SSPs can be
paired with a range of different RCPs because SSPs can be combined with mitigation policy assumptions to
produce a range of emissions pathways. In addition to the"'SSPs, there are many other emissions pathways
and societies consistent with any global mean temperature‘outcome. These represent uncertainty and broad
ranges of possibilities that affect climate change exposure and vulnerability (Rose and and M. Scott, 2020;
Rose and Scott, 2018). Furthermore, there are latge uncertainties intranslating emissions scenarios into
concentration pathways due to uncertainties in climate-carbon.cycle feedbacks (Booth et al., 2017; Jones et
al., 2013).

The plausibility of emissions levels as high as the emissions scenario conventionally associated with the
RCP8.5 and SSP5-8.5 concentration pathways has been called into question since ARS, as has the emissions
pathway feasibility of the low scenarios/{(Hausfather and-Peters, 2020; Rose and and M. Scott, 2020).
However, these views are contested (Schwalm et al.;, 2020, for RCP8.5), and it is important to realise that
emissions scenarios and concentration pathways are not the same thing, and higher concentration pathways
such as RCP8.5 could-arise from lower emissions scenarios if carbon cycle feedbacks are stronger than
assumed in the integrated assessment models (IAMs) used to create the standard scenarios (Booth et al.,
2017). In the majority of full-complexity Earth System Models, these feedbacks are stronger than in the
IAMs (Jones et al., 2013), so the RCP8.5 concentration pathway cannot be ruled out purely through
consideration of the‘economic.aspects of emissions scenarios. Nonetheless, the likelihood of a climate
outcome, and the overall distribution of climate outcomes, are a function of the emissions scenario’s
likelihood. Note that the original RCPs were created explicitly to facilitate a broad range of climate
modelling experiments, with'the expectation that other issues, such as socioeconomic uncertainty, could be
subsequently explored (Moss et al., 2010).

An important feature of the AR6 cycle is a stronger emphasis on the use of future Global Warming Levels
(GWLs) to support consistency and comparability across the three [IPCC Working Groups’ contributions to
the AR6 and improve communication. The common range of GWLs relative to the 1850 to 1900 period,
termed the “Tier 1” range by WGI, are 1.5, 2.0, 3.0, and 4.0°C. The use of GWLs assists in the comparison
of climate states across climate change scenarios (projections) and in assessing the broader literature as well
as for cross-chapter and cross-working group comparisons. They facilitate the integration of climate
projections, impacts, adaptation challenges and mitigation challenges within and across the three WGs as
there is a close connection between the level of global warming and climate change impacts. Of particular
interest is the timing of when the “Tier 1” global warming levels are reached, relative to the period 1850—
1900, under the five SSP x—y scenarios, as well as RCP scenarios . For climate change impacts and
adaptation responses, linking GWLs to RCP and SSP climate projections using a climate information
translation resource is of great relevance for the WGII contribution to AR6.
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AR6 WGII Common Climate Dimensions

WGII’s common climate dimensions include (1) a common range of GWLs from WGI, (2) common ranges
for other climate variables, (3) information for translating climate variable levels to climate projections and
vice versa. See Table Cross-Chapter Box CLIMATE.1 for global warming level ranges by time periods for
RCP and SSP climate projections, and Table Cross-Chapter Box CLIMATE.2 for information regarding the
timing for when GWLs are reached in climate projections. The common GWL range is based on WGI’s
“Tier 1” dimensions of integration range: 1.5, 2, 3, and 4°C. The first table illustrates the greater levels of
projected global warming with higher emissions pathways, as well as the increasing uncertainty in the
climate response over time for a given pathway. The second table illustrates significant uncertainty in the
timing for passing GWL thresholds which can narrow for a given GWL the higher the emissions pathway.
Finally, given the importance of geographic heterogeneity in projected changes in future climate, Table
Cross-Chapter Box CLIMATE.3a and 3b are provided with ranges for select climate variables (temperature,
precipitation, ocean) by global warming level and continent (or ocean biome). The ranges illustrate spatial
heterogeneity in potential physical changes in levels and uncertainty that are relevant to assessing climate
impacts risk. There is significantly more spatial heterogeneity than represented in the table that is relevant to
local decision makers (see, for instance, WGI ARG Interactive Atlas).

The common climate dimensions can be used as a dimension of integration for impacts studies in WGII, for
example by providing a common framework for comparison of projected impacts for different studies
(Figure Cross-Chapter Box CLIMATE.1). Moreover, GWL bands are needed in WGII to'map the diverse
temperature levels found across WGII’s literature. The GWL’s also facilitate integration with WGIII’s
global emissions projections categorisation by global mean temperature (WGIII Chapter 3).
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Table Cross-Chapter Box CLIMATE.1: GWL ranges by time periods for CMIP5 (RCP) and CMIP6 (SSP) climate projections (20-yr averages). Temperature anomalies relative to
1850-1900. Full ranges for CMIP raw results (across all models and ensemble runs) and WGI AR6 assessed very likely (5-95%) ranges. Sources: Hauser et al. (2019); WGI AR6
SPM, Table SPM.1

Full ranges WG1 ARG assessed very likely (5-95%) ranges
Projection 2021-2040 2041-2060 2081-2100 2021-2040 2041-2060 2081-2100
RCP2.6 1.0 to 2.2 1.0 to 2.3 09 to 2.3 n/a n/a n/a
RCP4.5 1.1 to 2.2 14 to 2.7 1.8 to 33 n/a n/a n/a
RCP6.0 1.0 to 2.0 1.3 to 2.5 2.3 to 3.6 n/a n/a n/a
RCP8.5 1.1 to 2.6 1.7 to 3.7 30 to 6.2 n/a n/a n/a
SSP1-1.9 1.0 to 2.4 1.1 to 2.7 1.0 to 2.5 1.2 to 1.7 1.2 to 2.0 1.0 to 1.8
SSP1-2.6 1.0 to 2.4 1.2 to 2.9 1.3 to 3.1 1.2+ to 1.8 1.3 to 2.2 1.3 to 2.4
SSP2-4.5 09 to 2.5 1.3 to 33 19 to 44 1.2 to 1.8 1.6 to 2.5 2.1 to 3.5
SSP3-7.0 1.0 to 2.6 1.5 to 3.7 2.7 to 62 1.2 to 1.8 1.7 to 2.6 2.8 to 4.6
SSP5-8.5 1.0 to 2.7 1.6 to 4.0 3.1 to 7.2 1.3 . to 1.9 1.9 to 3.0 33 to 5.7

Table Cross-Chapter Box CLIMATE.2: Timing for when 20-year average GWLs are reached in CMIP5,(RCP) and CMIP6 (SSP) climate projections. GWL anomalies relative to
1850-1900. Ranges based on CMIP raw results (all models and ensemble runs), and"WGI AR6 assessed results. For each GWL and RCP/SSP, the earliest and latest 20-year window
when a 20-year average GWL is reached across the CMIP models and ensemble members is reported, or the very likely (5-95%) assessed range is reported. n entry "n.c." means the
GWL is not reached during the period 2021-2100. Sources: Hauser et al: (2019); WGI AR6.TS Cross-Section Box TS.1, Table 1

CMIPS full ranges

GWL RCP2.6 RCP4.5 RCP6.0 RCP8.5
4°C n.c. n.c. n.c. 2047 - 2066 to 2080 - 2099
3C n.c. 2054 - 2073 to . 2070 - 2089 | 2062 - 2081 to 2080 - 2099 | 2030 - 2049 to 2077 - 2096
2°C 2015 - 2034 to 2079 - 2098 | 2014 - 2033 to. 2075 - 2094 | 2023 - 2042 to 2068 - 2087 | 2004 - 2023 to 2048 - 2067
1.5°C | 1998 - 2017 to 2075 - 2094 | 1998 - 2017 to 2051 . - 2070 [ 2001 - 2020 to 2050 - 2069 | 1990 - 2009 to 2035 - 2054
CMIP6 full ranges
GWL SSP1-1.9 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
4°C n.c. n.c. 2061 - 2080 to 2081 - 2100 | 2046 - 2065 to 2081 - 2100 | 2042 - 2061 to 2081 - 2100
3C n.c. 2050 - 2069 to 2068 - 2087 | 2034 - 2053 to 2081 - 2100 | 2030 - 2049 to 2081 - 2100 | 2027 - 2046 to 2079 - 2098
2°C 2009 - 2028 to 2063 - 2082 | 2008 - 2027 to 2075 - 2094 | 2009 - 2028 to 2080 - 2099 | 2008 - 2027 to 2060 - 2079 | 2008 - 2027 to 2055 - 2074
1.5°C | 1997 - 2016 to 2058 - 2077 | 1997 - 2016 to 2073 - 2092 | 1997 - 2016 to 2051 - 2070 | 1997 - 2016 to 2042 - 2061 | 1997 - 2016 to 2038 - 2057
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WGI ARG assessed very likely (5-95%) ranges
GWL SSP1-1.9 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
4°C n.c. n.c n.c 2070 2089  to n.c. 2058 2077 to n.c.
3°C n.c. n.c 2061 - 2080 to n.c. 2050 2069  to n.c. 2042 2061  to 2074 - 2093
2°C n.c. 2031 - 2050 to n.c 2028 - 2047 to 2075 - 2094 | 2026 2045 to 2053 | - 2072 | 2023 2042 to 2044 - 2063
1.5°C | 2013 - 2032 to n.c 2012 - 2031 to n.c. 2012 - 2031 to 2037 - 2056 | 2013 2032  to 2033 -<.2052 | 2011 2030  to 2029 - 2048

Table Cross-Chapter Box CLIMATE.3a: Projected continental level result ranges for select temperature‘and precipitation climate change variables by global warming level.

Ranges are 5" and 95" percentiles from SSP5-8.5 WGI CMIP6 ensemble results. There is little variation in the 5" and 95% percentile values by GWL across the SSP1-2.6, SSP2-4.5,
SSP3-7.0, and SSP5-8.5 projections. Source. WGI ARG Interactive Atlas

hitps://interactive-atlas.ipcc.Chapter/).

Global Centra-South
Climate variable warming All Regions North America Europe Asia America Africa Australia Antarctica
level
4°C 12 to 15 8 to 11 5 to 9 1270t0 14 24 to’ 27 26 to 29 24 to 27 33 to 27
Mean temperature 3°C 11 to 14 6 to 11 4 to 7 0 to 14 23 to 26 25 to 28 23 to 26 35 to -26
(degrees C) 2°C 10 to 13 5 to 9 3 to 6 8 to 12 2 to 25 24 to 27 2 to 25 36 to 27
1.5°C 9 to 12 4 to 8 2 0. 5 8 to 12 22 to 24 24 to 26 22 to 24 36 to 27
4°C 8 to 11 4 to 8 1 to 6 600 11 19 to 24 21 to 25 18 to 23 38 to  -29
Mean daily minimum 3°C 6 to 11 2 to 8 0 to 5 4 tor 10 19 to 22 19 to 23 17 to 21 39 to -30
temperature (degrees
C) 2°C 5 to 10 0 to 6 2 to 4 3 to 9 17 to 21 18 to 22 16 to 20 40 to -31
1.5°C 4 to 9 -1t 5 2 tol 3 2 to 8 17 to 21 17 to 22 16 to 19 41 to -32
4°C 12 to -5 25 to 15 22, to  -14 -18 to -9 11 to 15 10 to 14 5 to 10 64 to -48
Minimum of daily 3°C -13 to -6 27 4 'to -15 24 to  -15 20 to -1 10 to 15 8 to 14 4 to 10 64 to -50
minimum temperatures
(degrees C) 2°C -15 to -8 300 to  -18 27 to -17 22 to -13 9 to 14 7 to 13 3 to 9 -65 to -51
1.5°C .16 to =9 32 to 20 28 to  -19 23 to  -14 8 to 14 6 to 12 3 to 9 66 to -51
4°C 16 to 19 12 to. 15 8 to 11 15 to 18 27 to 32 30 to 35 28 to 33 31 to -25
Mean maximum daily 3°C 15 to 19 11 to. 15 7 to 11 14 to 18 27 to 32 30 to 37 27 to 34 32 to -25
temperature (degrees
o) 2°C 14 to/! 18 9 to /13 6 to 9 13 to 17 26 to 31 29 to 36 27 to 33 33 to  -25
1.5°C 13, to 17 8 to 12 5 to 9 12 to 16 25 to 30 28 to 35 26 to 33 33 to  -26
4°C 32 to 37 32 to 38 28 to 33 35 to 40 36 to 43 40 to 47 41 to 49 12 to -5
Maximum of daily 3°C 31 to 39 31 to 38 28 to 34 35 to 41 35 to 44 39 to 51 41 to 54 12 to -3
maximum temperatures
(degrees C) 2°C 30 to 37 30 to 36 26 to 33 33 to 39 34 to 43 38 to 50 39 to 53 13 to 4
1.5°C 29 to 36 29 to 35 25 to 31 32 to 39 33 to 42 38 to 49 39 to 52 ‘14 to -5
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4°C 81 to 106 36 to 50 11 to 22 57 to 77 138 to 194 153 to 210 140 to 168 0 to O
Number of days with .
ST (ST TG 3°C 66 to 87 27 to 40 6 to 15 4 to 59 100 to 153 131 to 183 124 to 147 0 to O
above 35°C — bias 2°C 52 to 68 19 to 29 4 to 8 33 to 45 61 to 106 116 to 151 102 to 124 0 to 0
adjusted
1.5°C 45 to 58 16 to 24 2 to 5 30 to 39 43 to 85 107 to 133 94 to 115 0 to 0
4°C 28 to 40 9 to 16 1 to 5 19 to 26 21 to 68 69 to (92 53 to 83 0 to 0
Number of days with .
maximum temperature 3°C 20 to 30 5 to 11 1 to 2 14 to 21 9 to 32 56 <to 77 41 to 64 0 to O
above 40°C — bias 2°C 14 to 21 2 to 6 0 to 1 9 to 15 30 to 13 4L to 057 27 to 45 0 to 0
adjusted
1.5°C 11 to 17 2 to 4 0 to 0 8 to 12 1 “to 8 35 to 47 2 to 38 0 to O
4°C 2 to 3 2 to 3 2 to 2 2 to 3 47 to 5 2. to 3 1 to 2 1 to 1
Near-surface total 3°C 2 to 3 2 to 3 2 to 2 2 to 3 3 to©5 2 to 3 1 to 2 1 to 1
precipitation (mm/day) 2°C 2 to 3 2 to 3 2 to 2 2/ to 3 3 to 5 2 to 3 1 to 2 1 to 1
1.5°C 2 to 3 2 to 3 2 to 2 2 to 3 3.t0 5 2 to 3 1 to 2 1 to 1
4°C 35 to 55 40 to 53 27 to 35 367 mt0 52 47 to’ 90 29 to 67 43 to 68 9 to 13
Maximum 1-day 3°C 31 to 52 34 to 50 23 to 33 30 to 50 37 to 88 25 to 66 38 to 69 8 to 12
precipitation amount
(mm) 2°C 29 to 50 32 to 48 2 to .32 28 to. 47 37 to 85 2 to 59 36 to 66 8 to 11
1.5°C 28 to 48 31 to 47 21 "o 3l 275 t0 45 35 to 84 21 to 58 36 to 64 8 to 11
4°C 79 to 99 75 to 93 53 to 71 81 wito 105 118 to 168 68 to 113 81 to 124 20 to 29
Maximum S-day 3°C 66 to 99 68 to 87 48 " to 68 70 to 101 97 to 165 60 to 118 76  to 129 19 to 27
precipitation amount
(mm) 2°C 64 to 93 65 to .84 47 to 65 66 to 95 93 to 162 55 to 107 73 to 122 18 to 26
1.5°C 63 to 91 63 10 83 46 to’ 64 64 to 93 92 to 160 52 to 105 74 to 119 18 to 25
4°C 36 to 80 23 to 31 26 to 38 35 to 68 31 to 88 48 to 146 45 to 109 4 to 99
Consecutive dry days 3°C 36 to 88 21/ to 33 25, to 43 35 to 76 29 to 82 49 to 160 40 to 127 45 to 120
(precipitation <1 mm) 2°C 37 to 88 210 to 32 24 to 40 36 to 74 29 to 77 49 to 161 38 to 128 45 to 127
1.5°C 36 to 87 22 to 3l 25 to 37 36 to 74 28 to 77 49 to 159 40 to 125 46 to 131

Table Cross-Chapter Box CLIMATE.3b: Projected sea surface temperature change ranges by global warming level and ocean biome (degrees Celsius). Ranges are 5" and 95
percentiles from SSP5-8.5 WGI CMIP6 ensemble results. There is little variation in the 5 and 95" percentile values by GWL across the SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-
8.5 projections. Source: WGI ARG Interactive Atlas (htips://interactive-atlas.ipcc. Chapter/).

Northern Southern
Global . Northern Southern . .
warmin, All ocean Hemisphere - Hemisphere - Equatorial Hemisphere - Hemisphere - Gulf of Eastern Amazon River Arabian Sea Indonesian
ol g biomes High ; ) tr‘:) s q ;ub tr‘:) e High Mexico Boundaries Flowthrough
¢ Latitudes L P P Latitudes
4°C 19 to 24|20 to 33|22 too28 |21 to 30|18 to 24|13 to 20|21 to 28|21 to 27|17 to 25|23 to 29|19 to 27
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07 to 13|05 to 1 03 to 08|06 to 14]06 to 13|06 to 13|06 to 13[05 to 12

0.8

2°C 06 to 10|05 to 14 ] 07 to 14
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Figure Cross-Chapter Box CLIMATE.1: Illustration of the use of Global Warming Levels (GWLs) as a dimension of
integration for impact studies: projected changes in river flows in major basins at 4°C global warming from four

different multi-model ensembles. Results are shown for projected flow changes direct from Earth System Models
(ESMs) in CMIP5 and CMIP6, for the JULES (Joint UK Land Environment Simulator) land surface model driven by
meteorological outputs of the HadGEM3 and EC-Earth model in the HELIX (High-End cLimate Impacts and

eXtremes) ensemble (Betts et al., 2018; Koutroulis et al., 2019), and 9 hydrological models driven by a subset of 5

CMIPS ESMs in the Inter-Sectoral Impacts Model Intercomparison Project (ISIMIP; Warszawski et al., 2014). Dots
show results from individual models, blue for increased flows and red for decreased flows, black circles show the
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median for each ensemble, and black bars show the 95% confidence range in the median. See Chapter 4 Figure 4.11 for
further details.

To contextualize reported impacts by warming level for the influence of other determinants of risk where
appropriate and feasible (e.g., level of exposure/vulnerability, level of adaptation, time period), common
time periods for the past and future are available to align with WGI’s historical and projected time windows.
Given differences in available literature, WGII chapters and CCPs contextualize impacts with respect to
exposure, vulnerability and adaptation as they see fit and appropriate for their literature.

Common ranges for other “climate” variables, such as min/max temperature and regional climates, are
available based on WGI projections, with feasible combinations with GWLs taken into consideration using
the WGI Interactive Atlas. Climate information translation may have been necessary within chapters for
mapping the WGII literature and assessments to the common climate dimensions. WGII’s climate impacts
literature is based primarily on climate projections circa AR5 and earlier or assumed temperature levels,
though some recent impacts literature uses newer climate projections based on the CMIP6 exercise. Thus; it
was important to be able to map climate variable levels to climate projections of different vintages and.vice
versa and adjust variables, when possible, to a common reference year. Note that WGII Chapters and CCPs
only provide climate impact information for the common climate dimensions-that their literature supports
and only provide information for dimensions where there is sufficient evidence.

Interpretation of the update in projected time of reaching 1.5°C global'warming from SR1.5 to AR6

In an assessment using multiple lines of evidence including models, observational constraints and improved
understanding of climate sensitivity, WG] project a central estimate of the:20-year average warming
crossing the 1.5°C GWL in the early 2030s in all seenarios assessed except'SSP5-8.5 (Lee et al., 2021). This
is about ten years earlier than the midpoint of the likely range (2030-2052) assessed in the SR1.5, which
assumed continuation of the observed warming rate reported at that time. However, this does not imply that
the projected impacts of 1.5°C will be reached ten years earlier, because roughly half of the ten-year
difference is a result of updating the diagnoesed historical rate:of warming due to methodological advances,
new datasets and other improvements'(Gulev et al., 2021). The other half of the ten-year difference arises
because, for central estimates of climate sensitivity, most scenarios show stronger warming over the near
term than was assessed as ‘current’in SR1.5 (medium confidence).

The revised historical warming rate does not necessarily contribute to a change in timing of estimated
impacts. It depends on how impacts are calculated relative to climate. Because the revised historical
warming results in aredefinition of the 1.5°C GWL relative to the modern time period (1995-2014) rather
than a different level of overall change (Figure Cross-Chapter Box CLIMATE.2), impacts assessed relative
to the modern time period are unaffected. There are, in effect ‘old’ and ‘new’ definitions of the 1.5°C GWL
with different levels/of impacts, and the impacts assessed for the ‘old’ 1.5°C GWL now apply to a different
level of global warming. However, the timing of impacts assessed relative to pre-industrial (e.g., aggregate
economic impact estimates)yare affected and we are closer to impact levels associated with 1.5°C and 2°C.

To illustrate with'a worked example: in SR1.5, the historical warming between 1850-1900 and the modern
period of 2006-2015:was assessed as 0.87°C, implying that the 1.5°C GWL would be accompanied by
impacts associated with 0.63°C warming from the modern period. However, AR6 WG1 (Gulev et al., 2021)
revised the assessment of warming between 1850-1900 and 2006-2015 to 0.94°C, implying that the 1.5°C
GWL would be accompanied by a slightly lower level of impacts associated with only 0.56°C warming from
the modern period. So, while the redefined 1.5°C GWL would be reached earlier, it would also be
accompanied by a lower level of impacts (Figure Cross-Chapter Box CLIMATE.2). The impacts associated
with the ‘old’ 1.5°C GWL would now be seen at 1.57°C global warming relative to 1850-1900, reached at
the time of the ‘old’ 1.5°C GWL, if the same future level of warming were to be used as in SR1.5.
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Warmingrelativeto [T TTTTTET T TS === 1.5°C impactlevel in SR1.5
modern period = fmmmm——— ! e e e e e e e = == 1.5°C impactlevelin AR6
(used for impacts o o
0.63°C 0.63°C
assessment) 0.56°C
1.5°C 1.5°C 1.57°C

Modern period warming warming warming

in SR1.5 in AR6 in AR6

Warming from .
1850-1900 to 0.87°C
modern period

0.94°C 0.94°C

Figure Cross-Chapter Box CLIMATE.2: Definitions of the 1.5°C Global. Warming Level (GWL) in SR1.5 and AR6
WG1. GWLs are defined relative to 1850-1900 but impacts at the GWL are typically assessed in association with
warming relative to a modern period 1995-2014, which in SR1.5 was2006-2015. Revised assessment of the historical
warming between 1850-1900 and the modern period (0.87°C in'SR1.5 to 0.94°C in AR6) has the effect of slightly
reducing the warming between the modern period and the 1.5°C GWL (0.63°C in SR1.5 to 0.56°C in AR6), and the
impacts at the GWL previously defined as 1.5°C in SR1.5 now occur at 1.57°C global warming with the AR6
definition. Warming values are central estimates.«Heights of the bars are:not to scale.

However, in addition to this redefinition of'the historical warming rate, the assessed future warming in AR6
is also slightly faster than the continuation of reported recent warming used in SR1.5. This means that both
the ‘old’ and ‘new’ 1.5°C GWLsqare projected to be reached earlier than they would have been using the
SR1.5 method. This and the revised historical warming diagnosis contribute approximately equally to the
assessment of 1.5°C global warming being reached about ten years earlier than projected in SR1.5.

Central estimates of impacts associated with a specifically defined 1.5°C GWL could therefore be
considered to be projected to be reached approximately 5 years earlier than implied by SR1.5. However,
uncertainties inregional climate responses at a given GWL are large (Table Cross-Chapter Box
CLIMATE.3a) and natural climatevariability occurs in parallel with ongoing warming, so the potential for
impacts higher than‘central estimates'could be a more urgent consideration for risk assessments and
adaptation planning than-the earlier projected timing of reaching 1.5°C (high confidence). It should also be
noted that individual years may exceed 1.5°C above 1850-1900 sooner, but this is not the same as
exceedance of the 1.5°C GWL which refers to the 20-year mean.

[END CROSS-CHAPTER BOX CLIMATE HERE]

1.3 Understanding and Evaluating Climate Risks

Understanding of climate change has advanced in important ways that shape the AR6 assessment. This
section describes advances in the understanding of the complex nature of climate change risks, the deep
integration of social sciences, and increased utilization of Indigenous knowledge and local knowledge. These
multifaceted dimensions of understanding climate change and evaluating risks are introduced here.

1.3.1 Nature of Climate Risk
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Since ARS, understanding of the nature of climate risk has advanced substantially. The AR6 assesses the
serious, complex, and cascading climate risks unfolding across sectors and regions. These risks are shaped
by many societal factors including cultural norms and social practice, socioeconomic development,
underlying physical and social vulnerability, and societal responses themselves (Section 1.2.1.1).
Throughout, there is increased attention to the important role of different forms of knowledge, especially
Indigenous knowledge and local knowledge, in the understanding and the management of the changing
climate.

1.3.1.1 The Nature of Climate Risk as Assessed in this Report

Greater understanding of climate-related risks is emerging; however, there are important shortcomings for
the information in some regions and sectors and for developing versus developed countries. These risks
assume significance in interaction with the cultures, values, ethics, identities, experiences, and knowledge
systems of affected communities and societies, as well as their governance, finances, capabilities, and
resources. The key risk assessment in the [PCC AR5 informed the long-term temperature goal in the2015
Paris Agreement—Iimiting the increase in global mean temperature to well below 2°C and pursuing.efforts
towards limiting warming to 1.5°C (Oppenheimer et al., 2014; Pachauri et al., 2014). The IPCC Special
Report on Global Warming of 1.5°C, responding to an invitation by UNFCCC, used new scientific
information to provide a specific risk assessment associated with the ambitious warming levels targeted by
the Paris Agreement (Hoegh-Guldberg et al., 2019), and the Special'Reportsion Oceans and Land further
advanced the methods of transparent risk assessment (Zommers et al., 2020). The_current assessment
expands significantly from the previous reports, aiming to inform and advance understanding of the
following core themes: (1) the ways changes in vulnerability and‘exposure modulate risks of climate change
impacts and risk complexity in addition to warming; (2).the knowledge basis relevant to continued
refinement of temperature goals; (3) the effectiveness of adaptation solutions; (4) the management of risks at
higher levels of warming, should ambitious climate’change mitigation be unsuccessful, including limits to
adaptation; and (5) the benefits of climate change mitigation and emissions reductions (Section 16.1).

This report evaluates key risks—potentially severe risks—meriting society’s full attention globally and
regionally across sectors, in order to inform judgments about dangerous anthropogenic interference with the
climate system (Mach et al., 2016; Oppenheimer et al:; 2014; see also Sections 16.1.2 and 16.4; WGI AR6
Section 1.2.4.1). As described detail in Chapter 16, evaluation of key risks is based on expert judgment
applied to all relevant lines of evidence,with attention to-the role of societal values in determining the
importance of a risk. Specific criteria considered relate to the magnitude of adverse consequences, including
the potential for irreversibility, thresholds,or cascading effects; the likelihood of adverse consequences; the
timing of the risk; and the ability to respond to the risk (Section 16.5.1).

The key risk assessment conveys.increasing urgency given the growing visibility of climate change impacts
in the current world (Sections 1.1 and 16.1). Representative key risks emerging across sectors and regions
include risks'to coastal socio-ecological systems and terrestrial and ocean ecosystems, risks associated with
critical infrastructure, networks, and services; risks to living standards and human health; risks to food and
water'security; and risks to peace and migration (Section 16.5). Compared to the ARS, the emphasis on
human dimensions of key. climate-related risks has continued and increased, for instance the potentially
severe impacts for.cultural heritage (IPCC, 2014c; Pachauri et al., 2014; see also Section 16.4). These human
dimensions are essential for understanding vulnerability, impacts, and risks central to ensuring human well-
being, human-security, sustainable development, and poverty reduction in a changing climate.

To encompass the nature of climate risk, [PCC assessment since the Third Assessment Report has used five
overarching domains, named “reasons for concern”, to assess increasing risk for societies and ecosystems
under climate change (IPCC, 2014b; O'Neill et al., 2017; see also Section 16.5; WGI AR6 Section 1.2.4.1).
The reasons-for-concern approach has enabled evidence to combine with expert judgment, in order to
provide a holistic assessment across multiple lines of evidence (O'Neill et al., 2017). The approach also
respects the uncertainties inherent to climate risk and highlights the ways in which values are relevant in
connecting scientific knowledge to societal decision-making and risk management. The different reasons for
concern underscore that there is no single metric that can reflect all dimensions of climate-related risk and
the diversity of consequences for lives and livelihoods, health and well-being, economic and sociocultural
assets, infrastructure, and ecosystems (Mach and Field, 2017; see also Section 1.4.1.2).
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The AR6 Reasons for Concern framework enables integration across key risks and representative key risks,
including how risks vary with the magnitude of global warming, socioeconomic development pathways, and
levels of adaptation (Section 16.6). Risk levels are determined through a formal elicitation approach for both
representative key risks and reasons for concern, following the authors’ assessment of the literature. The
reasons for concern consider unique and threatened systems (RFC1), such as coral reefs or Arctic Sea ice
systems that have especially high vulnerability and low capacity to adapt. They also include the role of
extreme weather events (RFC2), such as heat waves, heavy rain, drought, coastal flooding, or wildfires. The
reasons for concern address both the distributional and the aggregate impacts of climate change (RFC3,
RFC4), including the unfairness factor for populations that have contributed little in terms of historic
emissions but that are disproportionately vulnerable to the impacts of a changing climate. The final reason
for concern relates to large-scale singular events, nonlinearities, and tipping points (RFC5), including ice
sheet collapse and ecosystem regime shifts.

1.3.1.2  The Complexities of Climate Risk

The ARG6 assessment incorporates the inherently complex nature of climate risk, vulnerability,exposure; and
impacts, which includes feedbacks, cascades, non-linear behaviour, and the potential for surprise (Figure 1.3,
1.4). Many different overlapping and complementary terms and methods areused to evaluate and understand
complex climate risk relevant to this report, such as aggregated, compounding, or cascading risks, all of
which are considered here as relevant to complex climate risk (Pescaroli and Alexander, 2018; Simpson, In
review).

a. Sectoral b. Temporal c. Spatial "d. Multiple response options

GHG High emissions
Health emissions countries Air conditioning Urban greening

Occurrence
of extreme
events

Emissions
behaviour
change

Energy

Water Disaster High impact Climate GHG Heat waves
impacts countries migrants emissions

Figure 1.3: Different interactions can decrease or increase climate-related risks. Key examples include interactions (a)
among sectors, (b) through'time, (¢) across:regions, or (d) between impacts and responses. The specific interactions
indicated within each panel of this figure are illustrative, not comprehensive or indicative of relative importance.
Source: (Simpson, In'teview)

The dynamic nature of risk.and its determinants is one important dimension of complexity. The risk of
climate change impacts can be usefully understood as resulting from dynamic interactions among climate-
related hazards, the exposure and vulnerability of affected human and ecological systems, and also responses
(see ARG Glossary; Section 1.2.1; WGI AR6 Cross-Chapter Box 2 in Chapter 1; Oppenheimer et al., 2014).
The determinants of risk all can vary and change through space and time in response to socioeconomic
development and decision-making (Figures 1.4 and 1.5, Section 16.1). Hazards are affected by current and
future changes in climate, including altered climate variability and shifts in frequency and intensity of
extreme events (WGI AR6 Chapter 12). Such hazards can be sudden, e.g., a heat wave or heavy rain event,
or slower onset, e.g., land loss, degradation, and erosion linked to multiple climate hazards compounding.
The severity of climate change impacts will depend strongly on vulnerability, which is also dynamic and
includes the sensitivity and adaptive capacity of affected human and ecological systems (Ford et al., 2018;
Jurgilevich et al., 2017; McDowell et al., 2016; Viner et al., 2020). As a result, risks vary at fine scale across
communities and societies and also among people within societies, for example dependent on intersecting
inequalities and context-specific factors such as culture, gender, religion, ability and disability, or ethnicity
(Carr and Thompson, 2014; Jones and Boyd, 2011; Kuruppu, 2009; also Section 16.1.4). The dynamic social
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distribution of impacts is the subject of increasing attention within climate assessment and responses),
including the role of adaptation, iterative risk management, and climate-resilient sustainable development
(Section 16.1).

Another core area of complexity in climate risk is the behaviour of complex systems, which includes
multiple stressors unfolding together, cascading or compounding interactions, and non-linear responses and
the potential for surprises (Clarke et al., 2018; Kopp et al., 2017; Yokohata et al., 2019). Risks and
responses, including their determinants, can all interact dynamically in shaping the complexity of climate
risk (Figure 1.4). The combined effects of multiple stressors or compound hazards and risks are unlikely to
be assessed through simple addition of the independent effects and instead require system approaches to
understanding risk. While some components may cancel out each other, others may non-linearly increase
risk. Non-linearities can result from abrupt climate changes, tipping points or thresholds in responses,
alternative stable states, low-probability/high-consequence outcomes, or events that cannot be predicted
based on current understanding (WGI AR6 Section 1.4.4.3).

The nature of climate risk also involves risks from responses themselves (Figure 1.4). The risks of climate
change responses include the possibility of responses not achieving their intended objectives ot havingtrade-
offs or adverse side effects for other societal objectives (Annex II: Glossary; Section 16.1). In particular,
human responses may create novel hazards and unexpected side effects and entail opportunity costs and path
dependencies (Boonstra, 2016). Such feedback loops can unfold at local and global scales, including large-
scale interactions among climate, ecological, and human systems with human behaviour and decision-
making affecting such interactions. Response risks can originate from uncertainty inimplementation,
maladaptation, action effectiveness, technology development or-adoption, or transitions in systems (see
Sections 1.4 and 1.5). Typical risks may be related to regulation, litigation, competition, socio-politics, or
reputation. Interactions across responses can importantly involve co-benefits.forother objectives, such as for
human health and well-being which may be improved from both reduced air pollution (e.g., WGI Chapter 6,
WGIII) and enhanced adaptation to climate change.. The nature of risk.also entails residual impacts that will
occur even with ambitious societal responses, given limits to adaptation at sectoral and regional levels
(Section 1.4, Sections 16.1 and 16.4). In some cases, the losses will be irreversible.

Due to these complexities, the challenge of assessing risks of climate change is not well bounded, will be
framed differently by individuals.and.groups, involves large and deep uncertainties, and will have unclear
solutions and pathways to solutions(Renn, 2008; Rittel-and Webber, 1973; see also Sections 1.5.2 and
17.2.1). Challenges also include:.the degree to which,time is running out, there is no central authority, those
seeking the solutions are-also causing the problem, and the present is favoured over the future (Sun and
Yang, 2016; see also Section 17.2.1). Both the needs for and the limits to adaptation responses
fundamentally depend on progress achieved in reducing greenhouse gas emissions and limiting the
magnitude of climate change thatoccurs, interlinked with socioeconomic development trajectories and the
many social and political factors shaping climate risks and responses.
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Figure 1.4: Interacting risks
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Figure 1.4: Increasingly complex climate-related risks. Risk results from interactions among the determinants of risk—
hazard, vulnerability, and exposure, shaped by responses—which can interact in complex ways. Different risks and
responses can compound (e.g., often linked to compounding hazards; 1a and*1b), cascade (e.g., with one event
triggering another; 2), and aggregate (e.g., with independent determinants of risks co-occurring; 3). This complex
nature of risk is central in the AR6 assessment. Figure adapted from Simpson etal., 2021.
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Figure 1.5: Risk in IPCC assessment through time
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important feature of climate risk assessment as well as management.
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Figure 1.5: Risk in IPCC assessment through time. (a) An explicit risk framing emerged in the IPCC SREX and WGII
ARS. (b) In the current assessment, the role of responses in modulating the determinants of risk is a new emphasis (the
“wings” of the hazard, vulnerability, and exposure “propellers” represents the ways in which responses modulate each
of these risk determinants). (c) As the risk assessment spans working groups, the differential role of risk determinants
for risk related to impacts, adaptation, and vulnerability versus risk related to mitigation becomes an increasingly
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1.3.2  Assessing, Evaluating, and Understanding Climate Impacts and Risks

Multiple, diverse sources of information underlie our understanding of climate risks and response, including
climate change science, diverse social sciences, and Indigenous knowledge and local knowledge.

1.3.2.1 Detection and Attribution of Climate Change and Its Impacts

Anthropogenic climate change is unequivocal and ongoing. The detection of specific changes in the climate
and their diverse impacts on people and nature is advancing, with robust attribution of climate change to
greenhouse gas emissions as well as to other contributing factors (e.g., socio-economic development, land-
use change). In the AR6, advances include increasing ability to link individual extreme weather and climate
events to emissions of greenhouse gases, increasing identification of impacts for societies and economies,
and strong linkages in the attribution methods across working groups (Cross-Working Group Box:
ATTRIBUTION in Chapter 1).

[START CROSS-WORKING GROUP BOX: ATTRIBUTION HERE]
Cross-Working Group Box: ATTRIBUTION: Attribution in the IPCC Sixth Assessment Report

Authors: Pandora Hope (Australia), Wolfgang Cramer (France/Germany), Maarten van Aalst (Netherlands),
Greg Flato (Canada), Katja Frieler (Germany), Nathan Gillett (Canada/United Kingdom), Christian Huggel
(Switzerland), Jan Minx (Germany), Friederike Otto (United Kingdom /Germany),.Camille Parmesan
(France/ United Kingdom /USA), Joeri Rogelj (United Kingdom /Belgium);.Maisa Rojas (Chile), Sonia L.
Seneviratne (Switzerland), Aimee Slangen (Netherlands), Daithi Stone (New Zealand), Laurent Terray
(France), Robert Vautard (France), Xuebin Zhang (Canada)

Introduction

Changes in the climate system are becoming increasingly-apparent, as are the climate-related impacts on
natural and human systems. Attribution is:the process of evaluating the contribution of one or more causal
factors to such observed changes ot events. Typical questions addressed by the IPCC are for example: ‘To
what degree is an observed change in global temperature induced by anthropogenic greenhouse gas and
aerosol concentration changes or influenced by natural variability?’ or ‘What is the contribution of climate
change to observed changes in crop yields that are also influenced by changes in agricultural management?’
Changes in the occurrence and intensity of extreme events can also be attributed, addressing questions such
as: ‘Have human-greenhouse gas emissions increased the likelihood or intensity of an observed heat wave?’

This Cross=Working Group Box briefly describes why attribution studies are important. It also describes
some new developments.in the methods used and provides recommendations for interpretation.

Attribution studies serve to evaluate and communicate linkages associated with climate change, for example:
between the human-induced increase in greenhouse gas concentrations and the observed increase in air
temperature ot extreme weather events (WGI Chapters 3, 10 and 11); or between observed changes in
climate and changing species distributions and food production (e.g., Verschuur et al., 2021; WGII Chapter 2
and others; summarised in Chapter 16) or between climate change mitigation policies and atmospheric
greenhouse gas concentrations (WGI Chapter 5; WGIII Chapter 14). As such, they support numerous
statements made by the IPCC (IPCC, 2013; IPCC, 2014c; WGI Section 1.3; Appendix 1A) (IPCC, 2013b,
2014b; WGI Chapter 1, Section 1.3, Appendix 1A).

Attribution assessments can also serve to monitor mitigation and assess the efficacy of applied climate
protection policies (e.g., Banerjee et al., 2020; Nauels et al., 2019; WGI Section 4.6.3) ), inform and
constrain projections (Gillett et al., 2021; Ribes et al., 2021; WGI Section 4.2.3) or inform the loss and
damages estimates and potential climate litigation cases by estimating the costs of climate change (Frame et
al., 2020; Huggel et al., 2015; Marjanac et al., 2017). These findings can thus inform mitigation decisions as
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well as risk management and adaptation planning (e.g., Climate & Development Knowledge Network,
2017).

Steps towards an attribution assessment

The unambiguous framing of what is being attributed to what is a crucial first step for an assessment
(Easterling et al., 2016; Hansen et al., 2016; Stone et al., 2021), followed by the identification of the possible
and plausible drivers of change and the development of a hypothesis or theory for the linkage (see Figure
ATTRIBUTION.1). The next step is to clearly define the indicators of the observed change or event and note
the quality of the observations. There has been significant progress in the compilation of fragmented and
distributed observational data, broadening and deepening the data basis for attribution research (Cohen et al.,
2018; Poloczanska et al., 2013; Ray et al., 2015; WGI Section 1.5). The quality of the observational record
of drivers should also be considered (e.g., volcanic eruptions: WGI Chapter 2, Section 2.2.2). Impacted
systems also change in the absence of climate change; this baseline and its associated modifiers such as
agricultural developments or population growth need to be considered, alongside the exposure and
vulnerability of people depending on these systems.

There are many attribution approaches, and several methods are detailed below. In physical‘and biological
systems, attribution often builds on the understanding of the mechanisms behind the observed changes and
numerical models are used, while in human systems other methods of evidence-building are employed.
Confidence in the attribution can be increased if more than one approach is used and the model is evaluated
as fit-for-purpose (Hegerl et al., 2010; Otto et al., 2020a; Philip-et al., 2020; Vautard et al’, 2019; WGI
Section 1.5). Finally, appropriate communication of the attribution assessment and the'accompanying
confidence in the result (e.g., Lewis et al., 2019).

Attribution methods
Attribution of changes in atmospheric greenhouse.gas concentrations.to anthropogenic activity

AR6 WGI Chapter 5 presents multiple lines. of evidence that unequivocally establish the dominant role of
human activities in the growth of atmospheric CO», including through analysing changes in atmospheric
carbon isotope ratios and the atmospheric'@,-N> ratio (WGI Section 5.2.1.1). Decomposition approaches can
be used to attribute emissions underlying those changes-to various drivers such as population, energy
efficiency, consumption or carbon intensity (Hoekstra and van den Bergh, 2003; Raupach et al., 2007; Rosa
and Dietz, 2012). Combined with attribution of their climate outcomes, the attribution of the sources of
greenhouse gas emissions.can inform the attribution of anthropogenic climate change to specific countries or
actors (Matthews, 2016; Nauels et ali, 2019; Otto et al., 2017; Skeie et al., 2017), and in turn inform
discussions on fairness and burden sharing (WGIII Chapter 14).

Attributiowof observed climate change to anthropogenic forcing

Changes in large-scale climate variables (e.g., global mean temperature) have been reliably attributed to
anthropogenic and natural forcings (e.g., Bindoff and et al., 2014; Hegerl et al., 2010; WGI Section 1.3.4).
The most established method is to identify the ‘fingerprint’ of the expected space-time response to a
particular climate foreing agent such as the concentration of anthropogenically induced greenhouse gases or
aerosols, or natural variation of solar radiation. This technique disentangles the contribution of individual
forcing agents to"an observed change (e.g., Gillett et al., 2021). New statistical approaches have been applied
to better account for internal climate variability and the uncertainties in models and observations (e.g.,
Naveau et al., 2018; Santer et al., 2019; WGI Section 3.2). There are many other approaches, for example,
global mean sea-level change has been attributed to anthropogenic climate forcing by attributing the
individual contributions from, for example, glacier melt or thermal expansion, while also examining which
aspects of the observed change are inconsistent with internal variability (WGI Section 3.5.2 and WGI
Section 9.6.1.4).

Specific regional conditions and responses may simplify or complicate attribution on those scales. For
example, some human forcings, such as regional land use change or aerosols, may enhance or reduce
regional signals of change (Boé et al., 2020; Lejeune et al., 2018; Thiery et al., 2020; Undorf et al., 2018; see
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also WGI Sections 10.4.2, 11.1.6, and 11.2.2). In general, regional climate variations are larger than the
global mean climate, adding additional uncertainty to attribution (e.g., in regional sea-level change, WGI
Section 9.6.1). These statistical limitations may be reduced by ‘process-based attribution’, focusing on the
physical processes known to influence the response to external forcing and internal variability (WGI Section
10.4.2).

Attribution of weather and climate events to anthropogenic forcing

New methods have emerged since ARS to attribute the change in likelihood or characteristics of weather or
climate events or classes of events to underlying drivers (Jézéquel et al., 2018; National Academies of
Sciences, 2016; Stott et al., 2016; Wang et al., 2020; Wehner et al., 2019; WGI Sections 10.4.1 and 11.2.2).
Typically, historical changes, simulated under observed forcings, are compared to a counterfactual climate
simulated in the absence of anthropogenic forcing. Another approach examines facets of the weather and
thermodynamic status of an event through process-based attribution (Grose et al., 2020; Hauser et al., 2016;
Shepherd et al., 2018; WGI Section 10.4.1 and Chapter 11). Events where attributable human influences
have been found include hot and cold temperature extremes (including some with wide-spread impaets),
heavy precipitation, and certain types of droughts and tropical cyclones (e.g., Herring et al., 2021; Vogel et
al., 2019; WGI Section 11.9). Event attribution techniques have sometimes been extended to. ‘end-to-end’
assessments from climate forcing to the impacts of events on natural or human-systems (Otto etal., 2017;
examples in WGII Table 16.1, SI of WGII Chapter 16, Section 16.2).

Attribution of observed changes in natural or human systems to.climate-related drivers

The attribution of observed changes to climate-related drivers across a diverse set of sectors, regions and
systems is part of each chapter in the WGII contribution to'the:AR6 and is synthesised in WGII Chapter 16
(Section 16.2). The number of attribution studies on climate change impacts has grown substantially since
ARS, generally leading to higher confidence levels in attributing the-causes of specific impacts. New studies
include the attribution of changes in socio-economic indicators such as economic damages due to river
floods (e.g., Sauer et al., 2021; Schaller et al., 2016), the occurrence of heat related human mortality (e.g.,
Sera et al., 2020; Vicedo-Cabrera et al.;2018), or economic inequality (e.g., Diffenbaugh and Burke, 2019).

Impact attribution covers a diverse setof qualitative and quantitative approaches, building on experimental
approaches, observations fromremote sensing, long-termin situ observations, and monitoring efforts,
teamed with local knowledge, process understanding and empirical or dynamical modelling (WGII Section
16.2; Cramer et al., 2014; Stone etal., 2013). The attribution of a change in a natural or human system (e.g.,
wild species, natural ecosystems, crop yields; economic development, infrastructure or human health) to
changes in climate-related systems (i.e., climate, and ocean acidification, permafrost thawing or sea-level
rise) requires aceounting for otherpotential drivers of change, such as technological and economic changes
in agriculture affecting crop production (Butler et al., 2018; Hochman et al., 2017), changes in human
populationpatterns.and vulnerability-affecting flood or wildfire induced damages (Huggel et al., 2015; Sauer
et al., 2021), or habitat loss driving declines in wild species (IPBES, 2019b). These drivers are accounted for
by estimating-a baseline condition that would exist in the absence of climate change. The baseline might be
stationary and be approximated by observations from the past, or it may change over time and be simulated
by statistical or process-based impact models (Cramer et al., 2014; WGII Section 16.2). Assessment of
multiple independent.lines of evidence, taken together, can provide rigorous attribution when more
quantitative approaches are not available (Parmesan et al., 2013). These include palaeodata, physiological
and ecological experiments, natural ‘experiments’ from very long-term datasets indicating consistent
responses to the same climate trend/event, and ‘fingerprints’ in species' responses that are uniquely expected
from climate change (e.g. poleward range boundaries expanding and equatorial range boundaries contracting
in a coherent pattern world-wide, Parmesan and Yohe, 2003). Meta-analyses of species/ecosystem responses,
when conducted with wide geographic coverage, also provide a globally coherent signal of climate change at
an appropriate scale for attribution to anthropogenic climate change (Parmesan et al., 2013; Parmesan and
Yohe, 2003).

Impact attribution does not always involve attribution to anthropogenic climate forcing. However, a growing
number of studies include this aspect (e.g., Diffenbaugh and Burke, 2019 for the attribution of economic
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inequality between countries; Frame et al., 2020 for the attribution of damages induced by Hurricane
Harvey; or Schaller et al., 2016for flood damages).

Attribution in the IPCC: The process of evaluating the confribution of one
or more causal factors to observed changes or events

Purposes:
- evaluate and
communicate causes
- monitor anthropogenic b
=
- inform projections,
%
Identify what
want to evaluate:
change or event. W
its Wl\
P

Test hypothesis or theory
with process undersianding,
counterfactuals, lines of
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Evaluate model,
consider any limitations of
atiribution method/system.

Develop hypothcsis
or theory of possible
and plaus’c causes
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Figure Cross-Working Group Box: ATTRIBUTION.1: Schematic of the steps to develop an attribution assessment,
and the purposes of suchassessments. Methods and systems used to test the attribution hypothesis or theory include
model-based fingerprinting; other model-based methods, evidence-based fingerprinting, process-based approaches,
empirical or decomposition methods and the use of multiple lines of evidence. Many of the methods are based on the
comparison of the observed state of asystem to a hypothetical counterfactual world that does not include the driver of
interest to help estimate the.causes of the observed response.

[END CROSS-WORKING.GROUP BOX: ATTRIBUTION HERE]

Impacts occurring today can be put into context through understanding of long-term changes on Earth,
introduced in the'Cross-Chapter Box PALEO (see below). Climate has always varied and changed in the
past, and this change often caused substantial ecological, evolutionary and socio-economic impacts.
Adaptation of ecosystems and societies occurred through responses as diverse as migration to mass
extinction. Humankind is at the verge of leaving the Holocene climatic envelope, in which all human
achievement since the advent of agriculture has occurred. In some systems, the changes and losses will be
irreversible.

[START CROSS-CHAPTER BOX PALEO HERE]
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Cross-Chapter Box PALEQO: Vulnerability and Adaptation to Past Climate Changes

Authors: Wolfgang Kiessling (Germany, Chapter 3, Cross-Chapter Paper 1), Timothy A. Kohler (USA,
Chapter 14), Wolfgang Cramer (France, Chapter 1, Cross-Chapter Paper 4), Gusti Anshari (Indonesia,
Chapter 2), Jo Skeie Hermansen (Norway, CA Chapter 1), Darrell S. Kaufman (USA, WG 1, Chapter 2),
Guy Midgley (South Africa, Chapter 16), Nussaibah Raja (Mauritius, CA Chapter 3), Daniela N. Schmidt
(UK/Germany, Chapter 13), Nils Chr. Stenseth (Norway, Chapter 1), Sukumar Raman (India, Chapter 1)

Understanding how Earth's biota have responded to past climate dynamics is essential to understanding
current and future climate-related risks, as well as the adaptive capacity and vulnerabilities of ecosystems
and the human livelihoods depending on them. Here we assess climate impacts on long geological time
scales (Figure PALEQ.1), as well as for the last 70 kyr of Homo sapiens’ existence (Figure PALEQO.2).
Climate responses of natural and human systems are intertwined through the physiological limits of wild
animals, livestock, plants and humans, subject to a slow evolutionary dynamic (Portner, 2021; Sections 2.6.1
and 3.3).

Climate has always changed, often with severe effects on nature, including species loss

Observations provided by the historical, archaeological, and paleontological records, together with
paleoclimatic data, demonstrate that climatic variability has high potential to,affect biodiversity and human
society (high confidence). The evolution of the Earth's biota has been punctuated by global biodiversity
crises often triggered by rapid warming (high confidence) (Benton, 2018; Figure PALEO!1; Bond and
Grasby, 2017; Foster et al., 2018). These so-called hyperthermal‘€vents were marked by rapid warming of
>1°C, which coincided with global disturbances of the carbon and'water cycles, and by reduced oxygen and
pH in seawater (Clapham and Renne, 2019; Foster et al., 2018). Magnitudes.of global temperature shifts in
hyperthermal events were sometimes greater than those predicted for the current century but extended over
longer periods of time. Rates inferred from paleo records that are coarsely resolved are inevitably lower than
those from direct observations during recent.decades, and caution.must be exercised when describing the rate
of recent temperature changes as unprecedented (Kemp et al., 2015). Mass extinctions, each with greater
than 70% marine species extinctions, oecurred when the magnitude of temperature change exceeded 5.2°C
(Song et al., 2021), albeit species extinctions occurred at lower magnitudes of warming (medium
confidence).

Adaptation options to rapid climate change are limited

Responses of biota to.rapid'climate change have included range shifts (very high confidence), phenotypic
plasticity (high confidence), evolutionary adaptation (medium confidence), and species extinctions, including
mass extinctions«(very high confidence). While knowledge about the relative roles of these processes in
promoting survival during times of climate change is still limited (Nogués-Bravo et al., 2018), they have
influenced the evolutionary trajectories of species and entire ecosystems (high confidence), and also the
course of human history (medium confidence). The combined ecological and evolutionary responses to
ancient.rapid-warming events ranged from extinction of 8§1% of marine animal species and 70% of terrestrial
tetrapod'species on land at the end of the Permian period (~ 252 million years ago, Ma) (Smith and Botha,
2005; Stanley, 2016) to low rates of species extinctions but biome- and range-shifts on land and in the ocean
at the Palaeocene-Eocene Thermal Maximum (PETM, ~ 56 Ma) (Figure PALEO.1; Fraser and Lyons, 2020;
Huurdeman etal., 2021; Ivany et al., 2018). Temperature and deoxygenation were key drivers of past biotic
responses in the'oceans (Gibbs et al., 2016; Section 3.3; Penn et al., 2018) (high confidence), whereas on
land the interplay between temperature and precipitation is less well established in ancient hyperthermals
(Frank et al., 2021) (medium confidence). Climate-driven extinction risk increased by up to 40% when a
short-term climate change added to a long-term trend in the same direction, for example when a long-term
warming trend was followed by rapid warming (Mathes et al., 2021).

Organismic traits associated with extinctions during ancient climate changes help identify present-day
vulnerabilities and conservation priorities (Barnosky et al., 2017; Calosi et al., 2019; Reddin et al., 2020;
Chapters 2 and 3; Cross-Chapter Paper 1). Marine invertebrates and fishes are at greater extinction risk in
response to warming than terrestrial ones because of reduced availability of thermal refugia in the sea
(Pinsky et al., 2019) (high confidence). Terrestrial plants showed reduced extinction during past rapid
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warming compared to animals (#igh confidence), although they readily adjusted their ranges and reorganized
vegetation types (Heimhofer et al., 2018; Huurdeman et al., 2021; Lindstrdm, 2016; Slater et al., 2019; Yu et
al., 2015).

Population range shifts including migrations are common adaptations to climate changes across multiple
time scales and ecological systems in the past and in response to current warming (high confidence).
Poleward expansions and retractions (Fordham et al., 2020; Reddin et al., 2018; Williams et al., 2018) as
well as migration upslope and downslope in response to warming and cooling were common adaptations
(Iglesias et al., 2018; Ortega-Rosas et al., 2008). During warming periods, diversity loss was common near
the equator (medium confidence)(Kiessling et al., 2012; Kroger, 2017; Yasuhara et al., 2020) while diversity
gains and forest expansion occurred in high latitudes (Brovkin et al., 2021). Comparison of contemporary
shells and skeletons with historical collections in museums (Barnes et al., 2011) and the analysis of skeletons
of long-lived organisms (Cantin et al., 2010) indicate significant climate-induced change in organismic
growth rates today (high agreement, medium confidence).

Humankind has responded to regional climate variability within a narrow Holocene climatic envelope

Early human evolution (beginning ~2.1 Ma) occurred in a highly variable climate characterized by glacial-
interglacial cycles. This variability may have favoured key hominin adaptations such as bipedality, increased
brain size, complex sociality, and more diverse tools (Potts, 1998; Potts et al., 2020) (medium confidence),
but extinctions of five species of Homo have also been attributed.pattly to climate change (Raia et al., 2020)
(low confidence). The “out-of-Africa” dispersal of anatomically, modern humans may have been driven by
climate variability (Tierney et al., 2017; Timmermann and Friedrich, 2016) (medium confidence, low
agreement). Most late Pleistocene megafaunal extinctions are attributed to direct and indirect human impacts
(Sandom et al., 2014), although some were likely accelerated by climate change (Carotenuto et al., 2018;
Saltré et al., 2019; Wan and Zhang, 2017; Westaway et al.;, 2017) (low.confidence).

The emergence of agriculture (~10.2 ka) in SW Asia was associated with stable (within = 1°C global mean
annual on multi-century time scale; WGI Chapter-2) warm and moist conditions (Palmisano et al., 2021;
Richerson et al., 2001; Rohling et al., 2019). Variability in resource availability and agricultural production,
entrained by climatic variability, is implicated in the disruption and decline of numerous past human
societies (medium confidence) (Cookson etal., 2019; d’ Alpoim Guedes and Bocinsky, 2018; Jones, 2019;
Park et al., 2019). These crises-are partially caused by regional climate anomalies including Holocene
“Rapid Climate Change Events” (Rohling et al., 2019) not visible in the globally averaged conditions shown
in Fig. Palaeo.2. Such anomalies affected human population size (Clark et al., 2019; Kuil et al., 2019; Riris
and Arroyo-Kalin, 2019), health (Campbell and Ludlow, 2020), social stability/conflict (Biintgen et al.,
2011; Kohler et al.;2014), and triggered migrations (Chiotis, 2018; D’ Andrea et al., 2011; Pei et al., 2018;
Schwindt et al., 2016) or retarded.them (Betti et al., 2020; FAQ 14.2). Populations have also been impacted
by sea-level change in coastal areas’(Turney and Brown, 2007; Cross-Chapter Box SLR in Chapter 3).

Evidence for widespread droughts ~4.2 ka lasting for several centuries in some regions has been tentatively
linked-to declines of the Akkadian Empire (Carolin et al., 2019; Weiss, 2017), the Indus Valley (Giosan et
al., 2018; Sengupta et.al., 2020) and the Egyptian Old Kingdom and Yangtze River Valley (Ran and Chen,
2019). Deteriorating climates often exacerbate accumulating weaknesses in social systems to which
population growth andurban expansion contribute (Knapp and Manning, 2016; Lawrence et al., 2021;
Scheffer et al.;2021). The rather narrow climatic niche favoured by human societies over the last six
thousand years is'poised to move on the Earth’s surface at speeds unprecedented in this time span (IPCC,
2021), with consequences for human well-being and migration that could be profound under high-emission
scenarios (Xu et al., 2020). This will overturn the long-lasting stability of interactions between humans and
domesticated plants and animals as well as challenge the habitability for humans in several world regions
(Horton et al., 2021) (medium confidence).

Climate change destroys unique natural archives and important cultural heritage sites
Climate change not only impacts past ecosystems and societies but also the remains they have left. The

progressive loss of archaeological and historical sites and natural archives of paleo environmental data WGI
Chapter 2 constitutes often-overlooked impacts of climate change (Anderson et al., 2017; Climate Change
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Cultural Heritage Working Group International, 2019; Cross-Chapter Box SLR in Chapter 3; Hollesen et al.,
2018). These archives include peat bogs and coastal archives lost to sea-level rise, droughts and fires,
degradation through permafrost thaw, and dissolution. The ancient cultural diversity documented by such
sites is an important resource for future adaptation (Burke et al., 2021; Rockman and Hritz, 2020). Since
many of these sites constitute anchors for indigenous knowledge, their loss is not just data lost to science; it
also interrupts intergenerational transmission of knowledge (Green et al., 2009).

Biotic changes Impact

% Reef crisis ” Changes in vegetation . None

Minor
"'i/'} Extinction Q Range shift E Major
Figure Cross-Chapter Box PALEO.1: Biological responses to six well-known ancient rapid warming events
(hyperthermals) over the last 300 million years. Temperature anomalies (mean temperature difference to pre-industrial
(1850-1900), solid orange curve) derived from climate modelling (300-66 Ma) (Haywood et al., 2019) and deep-sea
proxy data (66—0.1 Ma) (Hansen et al., 2013). Temperature peaks underneath the grey bars indicate well-known
hyperthermals with temperature anomalies derived from temperature-sensitive proxy data (Foster et al., 2018). Error
bars indicate uncertainties in peak warming events (ranges in the literature). Insets show observed impacts to the
biosphere. Q = Quaternary.
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Figure Cross-Chapter Box PALEO 2: Humankind is embarkingon a trajectory beyond the global temperatures
experienced since at least the advent of agriculture. Global surface temperature change for the last 70,000 years
[relative to 1850-1900; data from AR6-WGI-Ch2] alongside projections (with 5-95% range; AR6-WGI-Ch4) and major
events in human societies. Global climatic parameters do not always capture regional-variability of importance to
specific societies. The “Orbis Spike” represents a pronounced dip in atmospheric CO: from the Law Dome ice core
(Antarctica) (MacFarling Meure et al., 2006) marking the globalization in biota and trade of the Columbian Exchange
and population declines and afforestation in the Americas. This, and.the.1964 '“C peak, have been suggested as possible
markers for the onset of the Anthropocene (Lewis and-Maslin, 2015). Population trends from United Nations (2019).
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1.3.2.2  Perceiving Climate Risk and Human Response

Since ARS, social science literature on how individuals and societies perceive and respond to climate risk
has dramatically advanced (Jones et al., 2014; Neaves and Royer, 2017; Renn, 2008; Taylor et al., 2014; Van
Valkengoed and Steg; 2019). The literature is increasingly integrating and advancing long-standing
scholarship on'envirenmental and social governance, human dimensions of environmental change, risk
perception.and communication, and enabling conditions for effective policy making. These emergent
literatures on climate risk, human action, and solution reflect into three broad areas of analysis: 1) root
drivers (i.e.;.role of cultural-norms and social practice, social structures and economic development status
that shape physical and social vulnerability; 2) context specific barriers and enablers (i.e., governance
structures, institutional structure and function, risk perceptions, access to financing and knowledge
availability and needs).and 3) the solution-proximate decision space (i.e., climate urgency and catalysing
conditions, risk'‘communication strategies, monitoring and evaluation strategies) (see Jorgenson et al., 2019;
Solecki et al., 2017).

These three areas are deeply embedded in the social sciences and reflect fundamental questions of how and
why humans and their institutions act and respond (Chapter 17). In the past two decades, these basic issues
have been applied to research of climate change, dynamic risk, and adaptation. Underlying this analysis,
particularly of root drivers and barriers and enablers are assertions regarding the foundational properties of
individual and collective behaviour (i.e., self-interest, optimisation, rationality, bounded rationality), how
they are structured, and how these properties can be revealed. This literature draws on several academic
disciplines including anthropology, economics, geography, political science, psychology, sociology, and
urban studies. Climate change social science research is often interdisciplinary or transdisciplinary and hence
utilizes a variety of methods to derive new knowledge (Orlove et al., 2020).
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In contrast to previous assessments, ARG is increasingly focused on the needs for and challenges of assessing
the societal response to climate change. The accurate tabulation of adaptation, a key question for examining
the solution space is difficult (Chapter 16, Cross-Chapter Box ADAPT in Chapter 1), since many forms of
adaptation activity are under-represented in the peer-reviewed and grey literature. Moreover, the related
question of assessing the effectiveness of adaptation, that is, the extent to which it reduces risk, is also
difficult. Estimating risk reduction often involves counterfactuals, for instance, quantifying the damage a
flood would have caused had a community not adapted prior to a storm or projecting the damage averted by
today’s adaptation in some future storm (see Cross-Chapter Box PROGRESS in Chapter 17). Many socio-
economic drivers affect risk, so attribution for any observed or projected changes must be allocated among
those due to adaptation and those due to economic development, cultural changes, and other types of policies
and trends. For instance, many measures of sustainable development overlap with those for adaptive capacity
and both can reduce climate risk while also yielding benefits irrespective of future climate regimes (UNEP,
2018). There also exist many different goals for adaptation both among and within different jurisdictions, so
that adaptation efforts deemed effective by some individuals may not be deemed effective by others/(Dilling
etal., 2019).

1.3.2.3  Indigenous Knowledge and Local Knowledge

While scientific knowledge is vital, Indigenous knowledge (IK) andlocal knowledge (LK) are also necessary
for understanding and acting effectively on climate risk (IPCC, 2014a; SROCC Chapter 1,IPCC, 2019b; see
also Section 2.4). Indigenous knowledge refers to the understandings, skills and philosephies developed by
societies with long histories of interaction with their natural surroundings (IPCC, 2019a). Local knowledge
is defined as the understandings and skills developed by.individuals and populations, specific to the places
where they live (IPCC, 2019a). These definitions relate to.the'debates on the world’s cultural diversity
(UNESCO, 2018a), which are increasingly connected to climate change debates (UNESCO, 2018b).
However, there is agreement that, in the same way that there is not-aunique definition of Indigenous Peoples
because it depends on self-determination, there is'not a single definition of neither Indigenous knowledge
nor local knowledge. Therefore, contextualisation«is highly.nieeded. IK and LK will shape perceptions of
climate risk which are vital to managing climate risk in day-to-day activities to longer term actions.

Such experience-based and practical knowledge is.obtained over generations through observing and working
directly within various environments. Knowledge may be‘place-based and rooted in local cultures, especially
when it reflects the beliefs of long-settled communities who have strong ties to their natural environments
(Orlove et al., 2010). Other times, knowledge may be embedded in institutions or oral traditions that
mobilise them across contexts, for example, as migrant populations bring their knowledge across different
regions, and have global relevance. Scientific insights often confirm findings from both IK and LK
(Ignatowski and-Rosales,2013), but IK and LK also provide specific, alternative ways to understand
environmental change including taeit and embodied aspects of knowledge (Mellegard and Boonstra, 2020),
that may be“crucial to foster local action and which are not easily captured in scientific knowledge (including
cultural indicators, scales.and interconnectedness between ecosystems). Multiple knowledge systems (i.e.
IK, LK, disciplinary knowledge, technical expertise) may coevolve in iterative and interactive processes
whereby they influence each’other, but at the same time, they may have specific characteristics so that they
cannot be reduced.to each other, or subsumed under it and they all have relevance to understand the
interactions between'society and climate (Bremer et al., 2019).

Moreover, IK and LK may be particularly relevant to ensure that climate action not only does not cause
further harm, but also addresses historical injustices committed against Indigenous Peoples and other
marginalised social groups, recognising them as active agents of their own change (Nursey-Bray et al.,
2019). There are between 370 and 500 in at least 90 countries belonging to about 5,000 different ethnic
groups that are classified as ‘Indigenous’ (Sangha et al., 2019). While there is no single, universal definition
of Indigenous Peoples, self-determination is a core criteria within both the ILO Convention on Indigenous
and Tribal Peoples (1989) and the UN Declaration on the Rights of Indigenous Peoples distinct social and
cultural groups that retain collective ancestral ties to the lands they inhabited or to the lands from which they
have been displaced. Indigenous peoples attribute cultural and spiritual values to land, environmental
features and landscapes (ILO, 2013; ILO, 2019). Indigenous Peoples suffer disproportionally. For example
they are three times more likely to live in extreme poverty than non-Indigenous Peoples; they are also more
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likely to suffer discrimination and violence (UN, 2020). At the same time, Indigenous Peoples have long led
climate change and environmental protection agendas.

Indigenous Peoples have been faced with adaptation challenges for centuries and have developed coping
strategies in changing environments (Coates, 2004). Along with other local groups, they hold relevant
knowledge about the environment and environmental change, the impact of those changes on ecosystems
and livelihoods, and possible effective adaptive responses (see Cross-Chapter Box INDIG in Chapter 18).
Therefore, the participation of Indigenous Peoples in climate change decisions and the inclusion of
Indigenous knowledge in the IPCC assessment process should be of high priority (following
recommendations in UN, 2020 and UNESCO, 2018b). Furthermore, the participation of scientifically trained
climate specialists with indigenous backgrounds is valuable to the work of IPCC because the assessment
must reflect a diverse range of views and expertise (for examples of IK please see Cross-Chapter Box INDIG
in Chapter 18). Including IK & LK in the IPCC assessment process is supported by Article 31 in the UN
Declaration on the Rights of Indigenous Peoples (2007) which calls for the use of IK and LK to be protected
and validated by Indigenous Peoples themselves and include them as active participants in the assessment
(Klenk et al., 2017). Paying special attention to the mechanism whereby some forms of knowledge have
been excluded in previous reports- such as the use of technical knowledge or acronyms, or the‘deployment of
discipline-specific validation mechanism- is a first step towards developing an inclusive assessment that
reflects a wide range of voices.

The AR4 was the first [IPCC report to explicitly discuss the value of IK and LK in adaptation and mitigation
processes. ARS recognized the importance of creating synergies across disciplines in theproduction of
knowledge, acknowledging the importance of ‘non-scientific sources such as Indigenous knowledge, which
may not follow discipline conventions but nevertheless reflects.the outcomes of learning across generations
(Burkett et al., 2014) and explains the importance of including-local and Indigenous knowledge and diverse
stakeholder interests, values, and in local decision-making processes (Jones et al., 2014). Such processes
should not only be done in partnership with IK and LK knowledge holders but, when possible, led by them
(Inuit Tapiriit Kanatami, 2018). Recent IPCC reports have included distinct sections dedicated to IK and LK
(e.g., SROCC, IPCC, 2019b). The IPCC Special Report on.Climate Change and Land (SRCCL) includes a
section on “Local and Indigenous knowledge for addressing land degradation” (2019a) and the IPCC Special
Report on Ocean and Cryosphere (SROCC) describes-local knowledge as ‘what non-Indigenous
communities, both rural and urban, use on.a daily and lifelong basis,’ a type of knowledge which is
recognized as ‘multi-generational, embedded in.community practices and cultures, and adaptive to changing
conditions’ (2019b). The IPCC Special Report on Global Warming of 1.5°C emphasized the high
vulnerability of Indigenous Peoples to climate change, and stated that disadvantaged and vulnerable
populations including Indigenous Peoples and certain local communities are at disproportionately higher risk
of suffering adverse consequences with global warming of 1.5°C and beyond (IPCC, 2018b). The report also
assessed evidenee:in relation to the importance of including IK and LK in adaptation options, explaining
their role in early warning systems.and arguing that they are part of a range of approaches to catalyse wide-
scale values and consistent with adapting to and limiting global warming to 1.5°C (IPCC, 2018b).

Since'ARS, several academic publications have directly addressed the challenges of including IK and LK in
climate research (David-Chavez and Gavin, 2018; Ford et al., 2016; Yeh, 2016) and demonstrated its value
in building resilience to extreme events related to climate change (Janif et al., 2016; Olazabal et al., 2021).
For instance, IK and 'K has proved useful in land management methods that reduce wildfire risk (Cook et
al., 2012)(Mistry et al., 2016; Nepstad et al., 2006; Welch et al., 2013). Since Indigenous knowledge is
traditionally communicated through storytelling and oral history, there is a practical challenge integrating it
in a assessment that prioritises scientific knowledge, and a need for increased critical engagement towards a
co-production of knowledge (Ford et al., 2016). Scholars now recognize the ontological and epistemological
differences in approaches, understandings and effects of climate change (Yeh, 2016). One common strategy
has been assessing Indigenous observations of climate change alongside scientific data (Klein et al., 2014a)
as a means to bridge the gap between scientific inquiry and Indigenous knowledge systems (Fernandez-
Llamazares et al., 2017). The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) and the Convention on Biological Diversity (CBD) have helped illustrate how to bridge
multiple knowledge systems, particularly those conceived from different ontologies. Rather than viewing
Indigenous knowledge as a single source of knowledge to be compared with scientific data, recent
scholarship suggests assessments such as the IPCC directly involve Indigenous researchers (Yumagulova et
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al., 2019) to ensure ethical and equitable engagement with Indigenous knowledge. Such partnership with and
leadership of Indigenous Peoples on climate research is also consistent with the UN Declaration on the
Rights of Indigenous Peoples (e.g., Bawaka Country et al., 2015; Inuit Tapiriit Kanatami, 2018; Cross-
Chapter Box INDIG in Chapter 18).

1.3.3 Regional Assessment

As climate change is a multiscale phenomenon from the local to the global, the assessment of climate risks
and climate change impacts is strongly spatial, with a focus on regional climate change. The term “regions”
is used in different ways throughout the AR6 assessment as the use of the term varies across disciplines and
context.

First, there are chapters dedicated to regional assessment in AR6 WGII (Chapters 9-14 and Cross-Chapter
Papers 4 and 6), and within the content of these and other chapters of ARG, the term region is often used to
describe continental and sub-continental regions, oceanic regions, hemispheres, or more specific localities
within these geographic areas. Building on the continental domains defined in AR5 WGII and to-ensure
consistency with WGI Chapter 12 and the WGI Atlas, AR6 WGII uses a Continental Set of Regions, nhamely
Africa, Asia, Australasia, Europe, North America, Central & South America, Small Islands, Polar Regions,
and the Ocean.

Second, the term regions is used to categorize areas around the globe with common topographical
characteristics or biological characteristics. For example, Chapter 2.introduces regions in‘its discussion of
biomes, as in arid, grassland, savanna, tundra, tropical, temperate; and boreal forested regions. Chapter 3
adds reference to an area’s orientation with bodies of water; using‘terms suchias deltaic, coastal, intercoastal,
freshwater, and salty. In addition, Cross-Chapter Paper 2 uses-a coastal region typology based on physical
geomorphology considering elevation, coastal type; and topography (see Cross-Chapter Paper 2, pg. 5;
Barragén and de Andrés, 2015; Haasnoot et al., 2019a; Kay and and-Adler, 2017).

Third, Cross-Chapter Papers are dedicated to fypological regions, defined in the Annex II: Glossary as
regions that share one or more specific features (known as ‘typologies’), such as geographic location (e.g.,
coastal), physical processes (e.g., monsoons), and biological (e.g., coral reefs, tropical forests, deserts),
geological (e.g., mountains) or anthropogenic (e.g., megacities) formation, and for which it is useful to
consider the common climate features. Typological regions are generally discontinuous (such as monsoon
areas, mountains, deserts, and megacities) and are specifically used to integrate across similar climatological,
geological and human domains.

Understanding climate risksiacross regions also requires attention to the capabilities of developing countries
and scientists across country contexts.in conducting climate assessments. Substantial unevenness of available
climate observations; risks assessments, and scientific literature across regions and country capacities
substantially'challenges a globally comprehensive assessment (Connelly et al., 2018).

1.3.4:. Evaluating and Characterising the Degree of Certainty in Assessment Findings

Since 1990, IPCC.assessments have included designated terms and other approaches for communicating the
expert judgments made'by authors (Mastrandrea and Mach, 2011). The goal of such methods has been
consistent treatment of uncertainties in assessing and communicating the current state of knowledge.
Because terms such as “probable” or “likely” hold very different meanings to different people, a
standardized approach is essential for enabling consistent interpretation (WGI AR6 Section 1.2.3.1). Since
its 2001 assessment, IPCC authors have applied common guidance on expert judgment across the working
groups (IPCC, 2005; Moss and Schneider, 2000). The ARS, iteratively building from past [IPCC guidance,
was the first report to apply a single framework consistently across the working groups and their diverse
topics and associated disciplines (Figure 1.3; Mastrandrea et al., 2010; Mastrandrea and Mach, 2011). The
outcome was increased comparability of assessment conclusions across the full spectrum of the physical
science basis of climate change and resulting impacts, risks, and responses (Mach et al., 2017).

This framework for expert judgment is again being applied in the AR6 and associated special reports in the
assessment cycle (Mastrandrea et al., 2010; see also WGI AR6 Box 1.1). Under the framework, the
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assessment of scientific understanding and uncertainties begins with evaluation of evidence and
agreement—especially the type, amount, quality, and consistency of evidence and the degree of agreement
(steps 1-3 in Figure 1.6). Evidence assessed can reflect observations, experimental results, process-based
understanding, statistical analyses, or model outputs. Evidence is most robust when it consists multiple lines
of consistent, independent, and high-quality evidence. The degree of agreement considers the extent of
established, competing, or speculative explanations for a given topic or phenomenon across the scientific
community. Together, this evaluation of evidence and agreement forms a traceable account for each key
finding in the assessment. Subsequently, the framework proceeds to evaluation of levels of confidence,
which integrate evidence and agreement (steps 3—5 in Figure 1.6). Confidence reflects qualitative judgments
of the validity of findings. It thereby facilitates, more readily, comparisons across assessment conclusions.
Increasing evidence and agreement corresponds to increasing confidence (step 4 in Figure 1.6).

If uncertainties can be quantified, the framework involves a further option of characterising assessment
findings with likelihood terms or more precise presentations of probability (steps 5—6 in Figure 1.6). The
relevant probabilities can pertain to single events or broader outcomes. Probabilistic judgments can.be'based
on statistical or modeling analyses, elicitation of expert views, or other quantitative analyses. Where
appropriate, authors can present probability more precisely with complete probability distributions or
percentile ranges, also considering tails of distributions important for risk management. Usually, likelihood
assignments are underpinned by high or very high confidence in the findings:

Confidence is often most applicable in characterising key findings in WGII assessment.(Mach et al., 2017).
This tendency results from the diverse lines of evidence across-disciplines relevant to climate change
impacts, adaptation, and vulnerability. By contrast, likelihood is'more common in WGI assessment.

1. What evidence exists? — 4. Evaluate confidence based on — 6. Evaluate likelihood
evidence and agreement

g Statistics

@%I Models

——1

® Observations
Experiments

High agreém High agreement
Limited evidence Robust evidence

Virtually certain that there has been a
change (99-100% probability)

Low agreement Low agreement Before After
Limited evidence! Robust evidence
B

Evidence >

Agreement ————>

Very high confidence

2. Evaluate evidence

- High confidence Likelihood Outcome probability
Type Quality
y 5 Virtually certain 99-100%
Quantity Consistency, Medium confidence Extremely likely 95-100%
— X Very likely 90-100%
and scientific agreement Low confidence Likely 66-100%
More likely than not  >50-100%
Very low confidence About as likely as not 33-66%
Unlikely 0-33%
Very unlikely 0-10%
3/ Sufficient evidence and 5. Sufficient confidence and quantitative Extremely unlikely  0-5%
- . . Exceptionally unlikely 0-1%
agreement to evaluate confidence? or probabilistic evidence?
I N
| No | I Yes |_ No Yes |
Y Y A4
Present evidence and agreement Present confidence Present likelihood
Behavior, lifestyle, and culture have a In many regions, changing preciptiation or melting It is very likely that the number of cold
considerable influence on energy use and associated snow and ice are altering hydrological systems, days and nights has decreased and the
emissions, with high mitigation potential in some sectors, in affecting water resources in terms of quantity and number of warm days and nights has
particular when complementing technological and quality (medium confidence). increased on the global scale.
structural change (medium evidence, medium agreement).

Figure 1.6: The IPCC AR5 and ARG6 framework for applying expert judgment in the evaluation and characterisation of
assessment findings. This illustration depicts the process assessment authors apply in evaluating and communicating the
current state of knowledge. Guidance for the application of this framework is described in full detail in Mastrandrea et
al., 2010. In addition to scientific knowledge, Indigenous knowledge and local knowledge are central to understanding
and acting effectively on climate risk (Section 1.3.2.3). The diagram in this figure is reproduced from Mach et al.
(2017)
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The guidance to authors additionally identifies other practices and approaches relevant in applying expert
judgment and developing assessment findings (Mach and Field, 2017; Mastrandrea et al., 2010; Mastrandrea
and Mach, 2011). First, authors are encouraged to carefully consider appropriate generalisation within
assessment findings, emphasising insights that are integrative, nuance, and rigorous (IAC, 2010;
Mastrandrea et al., 2010; NEAA, 2010). Second, authors are instructed to attend to potential biases,
including in group dynamics, such as tendencies towards overconfidence and anchoring or Type I (false
positive) error aversion (Anderegg et al., 2014; Brysse et al., 2013; Mastrandrea et al., 2010; Morgan, 2014).
Third, particular attention is drawn to the importance of evaluating and communicating ranges of potential
outcomes to inform decision-making and risk management (Mastrandrea et al., 2010). In some cases, deep
uncertainties related to parameters or processes that are unknown or disagreed upon strongly benefit from
dedicated methods of assessment and decision support (see Cross-Chapter Box DEEP in Chapter 17).
Fourth, the guidance explores the different ways that framings of conclusions can shape their interpretation
by readers. Finally, the guidance underscores the importance of reflecting upon all sources of uncertainty,
which can include deep, difficult-to-quantify, and easy-to-underestimate uncertainties arising from
incomplete understanding of relevant processes or competing conceptualisations across the literature
(Mastrandrea et al., 2010). A detailed review of literature assessing IPCC uncertainty characterization
methods is provided in WGI AR6 1.2.3.1.

1.4  Societal Responses to Climate Change Risks

ARG highlights the concept of solutions, defined as effective, feasible, and just means of reducing climate
risk, increasing resilience, and pursuing other climate-related societal goals. This section introduces key
concepts used in this report to assess the goals associated ' with adaptation, its‘process and governance, its
implementation, monitoring and evaluation, and its limits.

The term solutions has various synonyms used across-this and previous:IPCC reports, including options,
measures, actions, and responses. All denote policies; technologies, processes, investments, or other
activities undertaken in reaction to or with theuintent to address some aspect of climate change (Chapter 17).
The term solutions has drawbacks, suggesting a finality, that.is; the problem is solved. Solving climate
change in this sense is not likely for the foreseeable future. In addition, the word solutions sometimes
denotes a narrow set of responses, such as “technical solution,” as opposed to more wide-ranging actions as
might be involved in a transition to resilience. Nonetheless, AR6 highlights the term solutions because,
compared to these other terms, when.acted upon or.incorporated in policy, it denotes effectiveness and some
degree of progress at achieving desired goals.

Assessing successful adaptation is, however, difficult (Cross-Chapter Box ADAPT in Chapter 1). WGIII
Section 1.6 summarizes‘four broad analytic frameworks -- aggregate efficiency; ethics and equity; transition
dynamics; and psychology and politics -- relevant to mitigation and concludes that failure to integrate
understanding across them hasbeena fundamental reason for inadequate progress to date in reducing
greenhouse gas emissions. While the four analytic frameworks used in WGIII also all contribute to the
understanding of adaptation, an integrated view remains elusive because adaptation differs strongly from
mitigation. “In‘particular, the.goals of adaptation are harder to define and measure than those for mitigation.
The feasibility, effectiveness, and success of many adaptation actions depend more strongly on context. A
different, often more diffuse set of actors are involved, and it is often hard to distinguish what activities
count as adaptation.

Given these challenges, this report provides an assessment of adaptation solutions based on the attributes
justice, feasibility, and effectiveness, as shown in Figure 1.7.

A solution is just when its outcomes, the process of implementing the action, and the process of choosing the
action respects principles of distributive, procedural, and recognitional justice (Section 1.4.1.1). Any
assessment of justice depends on an understanding of potential outcomes of alternative options (Chapter 16)
as well as processes of decision-making (Chapter 17). Consideration of justice necessarily introduces
normative elements into any assessment of what constitutes a solution.

A solution is effective to the extent it reduces climate risk. Effectiveness can refer to whether an adaptation-
related action reduces risk (Section 1.4.1.2, Chapter 16) or the extent to which an action achieves its intended
outcomes within a stated time frame (Chapter 17). Effectiveness can also include measures of economic
efficiency, assessment of net benefits over costs, and the extent to which an action enhances broader and
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multi-dimensional measures of societal well-being (Section 1.4.1.2). Assessments of effectiveness will often
involve uncertainty, which may affect judgements about the comparative effectiveness and justice of
alternative options (Chapters 16 and 17, Cross-Chapter Box DEEP in Chapter 17). Assessment of
effectiveness also involves consideration of maladaptation (Section 1.4.2.4) in which an action, often
inadvertently, increases risk or vulnerability for some or all affected individuals or communities.

A solution is feasible to the extent it is consider possible and desirable, taking into consideration barriers,
enablers, synergies, and trade-offs (Section 1.4.2). AR6 assesses the feasibility of a wide range of adaptation
options (Cross-Chapter Box FEASIB in Chapter 18), building on the approach of the SR1.5 report, which
uses five dimensions of feasibility: geophysical, environmental-ecological, technological, economic, socio-
cultural, institutional. In addition, feasibility can also refer to a specific set of actions, so that feasibility in
any particular situation may depend on specific conditions of governance capacity, financial capacity, public
opinion, interest group pressure, and the distribution of political and economic power (Chapter 17). For
instance, a particular jurisdiction may find either of two options feasible when implemented alone but might
lack the capacity to implement them both at the same time. Feasibility can be a context-dependent and time-
varying attribute. Many solutions, for instance those that seek to unlock financing or build public support for
certain actions, aim at increasing the feasibility of future adaptation responses (Sections 1.4.2 and 1.5).

ADAPTATION PLANNING (. MONITORING, EVALUATION & LEARNING1

Potential effectiveness Actual effectiveness

The anticipated extent to which adaptation can
reduce climate risk, through decreases in impacts,
vulnerability, hazards, or exposure.

The extent to which an adaptations contributed to a
reduction in climate risk and impacts, through
decreases in vulnerability, hazards, or exposure.

Feasibility

The degree to which adaptation response options
are considered possible and desirable, taking into
consideration barriers, enablers, synergies, and
trade-offs, balancing diverse perspectives and values.

Implementation

The extent to which adaptation responses were
implemented acceptably and sustainably, balancing
diverse perspectives, and taking into account trade-
offs and synergies.

ADAPTATION
RESPONSES & PATHWAYS

Adaptationresponses encompass
processes of adjustment and change in
policies, behaviours, norms,
infrastructure, or other socio-economic
and technological conditions;,
undertaken by any actor. Transitions can

reflect incremental or transformative
change, and vary in breadth, depth,
scope, and the extent to which
adaptation limits‘are approached or
challenged.

Anticipated justice/equity implications
The extent to which adaptation responses are
anticipated to have acceptable implications for

justice and equity, balancing diverse perspectives,
scales, values, and trade-offs.

Observed justice & equity implications
The extent to which adaptation responses are
observed and perceived to have acceptable
implications for justice and equity, balancing diverse
perspectives, scales, values, and trade-offs.

Adaptation solutions Adaptation Success

Adaptation options to reduce and avoid climate riskand Achieving a reduction in climate risk and impacts that is
impacts that are anticipated to be successfili(effective, effective, feasible, and just, balancing diverse objectives,
feasible, just) in achieving an acceptable balance across perspectives, expectations, and values. Yet adaptation

diverse objectives, perspectives, expectations, and values. sfpiemites (el el 2 i Uit r.iSk llipEEs,
This is referred to as maladaptation .

GLOBAL ADEQUACY OF ADAPTATION RESPONSES

Anticipated-adequacy Actual adequacy

The extent to which adaptation responses are anticipated to be collectively The extent to which adaptation responses are sufficient to avoid dangerous,
sufficient to avoid dangerous, intolerable, or severe climate risks and impacts. intolerable, or severe climate and risk impacts and minimize or avoid residual risk at
Adequacy differs.from effectiveness: while aparticular adaptation response may a given level of warming. This considers both the collective success of responses, as
be effectiveiin reducing risk, adequacy.reflects whether the overall reduction well as the speed of adaptation responses and pathways given mitigation responses
from alladaptation responses is sufficient toreduce risks and impacts to levels and level of warming. Adequacy depends on how much residual risk a population is

considered acceptable and desirable. willing to accept.

CLIMATE RISK, RESIDUAL RISK, AND LIMITS TO ADAPTATION

Residual risk

The risk and impacts that remain after mitigation and adaptation responses. This can
The nature and degree of climate risk and resulting impacts arising from involve net loss or net benefit (synergies and co-benefits). Adaptation actions can
observed levels and speed of warming, remaining after mitigation responses. redistribute risk, with increased risk and impacts in some areas or populations, and

Climate risk andiimpacts

decreased risk and impacts in others.
Limits to adaptation reflect the point(s) where it is no longer possible or
feasible to avoid intolerable risk and impacts through adaptation.

.
Figure 1.7: Assessing adaptation solutions and success. A solution is defined as an adaptation option which is
effective, feasible, and conforms to principles of justice. These attributes can be assessed ex ante during adaptation
planning. During implementation, the overall success of a response can be judged via monitoring and evaluation of
these attributes. Adaptation unfolds as an iterative learning process of assessment, implementation, monitoring,
adjustment, and learning. A set of responses is adequate to the extent that they sufficiently reduce climate risk to levels
considered tolerable. Adaptation may not fully avoid residual risks, but the more adequate the response, the less
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residual risk. Remains. Adaptation also has limits beyond which it is no longer possible to avoid intolerable risks and
impacts.

1.4.1 What is Equitable, Just and Effective Adaptation?

Articulating the goals of adaptation is an important initial step in the decision-making process (Jones et al
2014). Adaptation often involves trade-offs among various options of adaptation, mitigation and sustainable
development as well as judgements based on science, engineering, and economics and questions of
distribution and democratic participation (Jafry et al., 2018). Articulating the goals of adaptation at the
international, national, and local levels thus requires engaging with the concepts of equity, justice, and
effectiveness (high confidence).

1.4.1.1 Equitable Adaptation Informed by Concepts of Justice

Assessing climate action involves ethical considerations that the literature often describes as climate justice.
The term ‘climate justice,” however, has been used in different ways in different contexts and by different
communities. Grassroot organisations and activists often focus on unequal global power relations, wealth,
and interests within communities, within nations, and along the North-South divide, as well:as the historical
responsibility for climate change (Chatterton et al., 2013). Some nationaligovernments also view climate
justice as the right of developing countries to industrialize. Balancing these issues,international climate
change negotiations have primarily focused on current capacities and responsibilities for.addressing climate
change as reflected in the UNFCCC principle of ‘common but differentiated responsibilities’ (Fisher, 2015).

Since principles of justice are substantive normative commitments that have been debated for centuries, it
would be unrealistic to expect a universal consensus. Nevertheless, there is'broad agreement about the core
issues. Just normative principles are ones that result.in fair and equitable allocation of goods, vulnerabilities
and risks (Caney, 2014; Jafry et al., 2018; Schlosberg,:2009; Schlosberg, 2013)

It is common to distinguish between distributive justice, procedural justice and recognition (Forsyth, 2018;
Fraser, 1999; Olazabal et al., 2021; Reckien et al., 2017;*Schlosberg, 2003; Schlosberg, 2009). The first
refers to the distribution of burdens and benefits; the second to who decides and participates in decision-
making; while recognition entails basic respect and robust’ engagement with and fair consideration of diverse
values, cultures, perspectives, and worldviews. Recognition is closely to distributive and procedural justice
(Hourdequin, 2016). Without recognition, actors may not benefit from the two other aspects of justice
(medium confidence). Recognition thus represents both a normative principle as well as an underlying cause
of unjust distribution and lack of democratic participation (Svarstad and Benjaminsen, 2020). However,
recognition is still.under-represented in climate justice compared to general scholarship and debate on justice
principles (Benjaminsen et al.,2021; Chu and Michael, 2018).

Three principles of distributive justice are especially relevant to adaptation: fairness between individuals,
fairness between states, andfairness between generations (Fleurbaey et al., 2014). Fairness between
individuals'means that the distribution of goods, vulnerabilities, and risks of climate change should not fall
on individuals for.arbitrary reasons. It would be arbitrary if, say, a family were disproportionately affected
by climate-induced drought by chance alone. Similarly, an adaptation action that protects some and creates
risks for othersis unfair if the final distribution of burdens and benefits is arbitrary.

The second consideration of distributive justice is international justice, or fairness between states. An
important idea in international climate negotiations has been common but differentiated responsibilities and
respective capabilities (CBDR) (stated in Principle 7 in the Rio Declaration (1992)as well as by the Kyoto
Protocol (1997). The principle reflects the underlying idea that a/l countries must address climate change,
but the form of climate action depends on the situation the country finds itself in. Developed countries may
find themselves in a position where they can decarbonize more rapidly and ensure financial flows, while the
responsibilities of LDCs and SIDS may primarily come in the form of adaptation actions. This means that
uneven distribution of wealth and power between (and within) countries is a key driver of climate injustice.
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The third consideration of distributive justice relevant to climate adaptation is fairness between generations
and the obligation to ensure that future generations are guaranteed at least a minimally decent life (Jonas,
1985; Llavador et al., 2010). For example, youth climate activists and political philosophers have argued that
today’s children, as well as generations yet unborn, will be exposed to far greater risks than most living
adults so that policymakers should work to avoid shifting all burdens of adaptation to future generations.

Procedural justice addresses the fairness of the processes by which decisions are made and the legitimacy of
those making the decisions (Gutmann and Thompson, 2009; Kitcher, 2011). Criteria include transparency,
the application of neutral principles among parties, respect for participants’ rights, and inclusive participation
in decision-making, which often takes the form of participatory processes. Article 6 of the Framework
Convention creates a binding commitment on parties to promote public participation in addressing climate
change. Increased participation by civil society in climate policy discussion, including new forums such as
the Local Communities and Indigenous People’s Platform of the UNFCCC work toward this goal
(UNFCCC, 2021). Genuine, not merely formal, participation requires communities be well-acquainted with
the climate change risks they face and are given a full voice in the process of adaptation planning. Many
local communities, especially those most vulnerable to climate change, remain excluded, which is
inconsistent with principles of procedural justice. In addition to a normative principle, models-of decision
making also suggest that diverse, representative decision makers can be expected to make better decisions
than more limited groups (Hong and Page, 2004; Landemore, 2013; Singer, 2019).

In AR5 WGIII discussions of justice and ethical concepts were combined with diseussions:of economic
principles while the adaptation chapters did not explicitly discuss climate justice. This report moves beyond
ARS by connecting the assessment of policy choices to normative principles and showing how better
outcomes are obtained by choosing just ones.

1.4.1.2 Equitable and Effective Adaptation Informed by Concepts and-Measures of Well-Being

Planning and assessment of effective and just adaptation require appropriate measures of both criteria. This
report uses both single and multi-criteria measures.

Local and regional decision makers employ benefit-cost analysis to efficiently allocate scarce resources
among alternative adaptation efforts and among adaptation and other societal needs. Decision makers at
national and global levels can employ measures.of social-welfare to consider trade-offs and synergies among
adaptation, mitigation, and development. Such measures can avoid wasteful allocation of resources and help
avoid maladaptation. Such measures also prove useful because well-established approaches exist to evaluate
such quantities, and because income is highly correlated with a wide range of indicators of social progress
and climate change adaptation capacity (Dasgupta et al., 2018).

Aggregate, monetized economiC measures are, however, insufficient to address fully issues of climate justice
or to reflect that wide range of worldviews and values that different people bring to questions of climate
action and development (Chambwera et al., 2014). While recent work has enriched the consideration of
distributive justice in aggregate social welfare functions (Adler, 2012), multi-objective approaches that
separately report several biophysical and socio-economic attributes can prove valuable (17.3.3). Many
adaptation measures, in particular those that encompass transformational social changes (Section 1.5),
involve complicated trade-offs among multi-dimensional benefits and costs (Adger, 2016). Different people
commonly value such trade-offs differently, particularly in heterogeneous societies. Multi-objective
measures can thus enhance transparency, fairness, legitimacy, and participation by highlighting the different
outcomes that different people and communities might find important, making the specific trade-offs more
transparent and explicit, and avoiding privileging any particular view on the appropriate trade-offs (Lempert
et al., 2018; Siders, 2019b; Siders and Keenan, 2020).

The SDGs and Key Representative Risks (Chapter 16) exemplify such multi-criteria measures. In addition,
many communities increasingly measure policy outcomes using multi-objective measures, often organized
around the concept of well-being and designed to allocate resources and implement policies to advance
social progress (City of Santa Monica, 2018; Lee et al., 2015). Similarly, the Human Development Index
(HDI), which derives from the capabilities approach, combines income (as Gross National Income-GNI and
Parity Purchasing Power-PPP) with an education and a health indicator and integrates human and socio-
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economic factors (Herrero et al., 2012; Leal Filho et al., 2018; Nagy et al., 2018; UNDP, 2018; USEPA,
2016). The inequality-adjusted HDI value, or IHDI, can be interpreted as the level of human development
when inequality is accounted for (UNDP, 2018).

The multi-criteria concept of well-being has been increasingly employed as a structured framework for
measuring social progress in many areas of public policy (Lamb and Steinberger, 2017) including climate
and health (Chapter 7) and, to a lesser extent in other areas of the climate change adaptation literature (Singh
et al., 2021). Wellbeing reflects the ability of a person to pursue and realize the goals that they value (Sen,
1985). The disaster risk management community employs well-being to evaluate mental health impacts in
terms of peoples’ abilities to cope with trauma and loss because of natural disasters (Berry et al., 2010;
MacDonald et al., 2015; Willox et al., 2015). The term appears in the literature with concepts such as human
security (Adger, 2010; Koren and Butler, 2006; Pasgaard et al., 2017), subjective wellbeing or happiness
(Fanning and O'Neill, 2019; Rehdanz et al., 2015; Sekulova and van den Bergh, 2013), welfare (Gough,
2015), and living standards or quality of life (Degorska and Degorski, 2018; Rao and Min, 2018).

Recent work has used quantified measures of well-being and multi-objective decision support tools).to
balance among equity and efficiency objectives in disaster risk management (Markhvida et al,;2020;‘Section
1.5.2; Chapter 17). Rather than focus on the economic value of lost assets, the well-being measure.evaluates
disaster impacts and recovery policies by considering the fraction of consumption lost at'the.household level
for different income cohorts. Not surprisingly, poor households account for twice as.much of the disaster
losses when evaluated by effects on well-being rather than by asset losses. The most effective policy
responses also differ when using well-being and asset loss-based measures. Ciullo et. al.(2020) compare
flood control strategies using multi-objective decision criteria thatinclude both benefit-cost and
distributional components, show how the favoured strategy can. depend on whether.one seeks equitable risk
or equitable risk reduction, and propose tools that can help’embed both ethical and efficiency considerations
in adaptation decisions. Widespread use of such approaches could strengthen consideration of climate justice
along with efficiency in the evaluation of climate risks and adaptation..(Dryzek et al., 2013; Section 1.5.2).

1.4.2  Enabling and Governing Adaptation

Adaptation actions taken by individuals, social groups, and organisations in response to climate and
environmental stimuli depend, inpartyon the options they have (see Chapters 16 and 17). Actions
previously taken can reduce the scale of responses needed subsequently, increase the options available,
reduce barriers to additional‘action, and increase capacity to respond. Successful adaptation sufficient to
meet Paris and SDG Goals needs to involve actors at many scales and in many sectors, including individuals
and households, communities, governments at all levels, private sector businesses, non-governmental
organisations, religious-groups and social movements. This report highlights the increased range of societal
actors engaged in-adaptation and the need for multi-level and polycentric governance. The section describes
key concepts relatedto the process.of adaptation and assessment of how human choices and exogenous
changes can expand‘and contract the set of available solutions.

1.4.2:1.Adaptation Process and Expanding the Solution Space

Adaptation actions include those taken with the explicit intention of reducing climate risk, as well as actions
taken withoutreference to climate change, e.g., building community resilience irrespective of any particular
hazard. Adaptation actions can include those aimed at reducing a specific risk, or actions aimed at systemic
changes and also‘include adjustments to current practices, or transformational changes. In addition, the
success of adaptation in one place or jurisdiction can depend on activities in other places or jurisdictions.

Adaptation actions span a vast range of activities. Successful adaptation generally requires a portfolio of
actions, often implemented by multiple actors in different sectors, often in different places and over time
(Section 17.2.2). Useful taxonomies include categorizing such actions around Representative Key Risks
(RKRs) (Figure 17.3), and by human systems and scenarios of adaptation extent for four components of
adaptation (depth, scope, speed, and limits) (Table 16.2). As shown in Chapter 17, for instance, ecosystem-
based adaptation, hardening buildings and physical barriers, and changes to zoning and planned retreat can
reduce risks to coastal socio-ecological systems. Restoration and protection of forests, enhancing ecosystem
connectivity through corridors, and ecosystem-based adaptation can reduce risks to terrestrial and ocean
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ecosystems. Increased use of grey, green, and blue infrastructure, and upgrading design standards, city
plans, and more redundancy in power systems and other networks can reduce risks associated with critical
infrastructure. Insurance and diversified or changed livelihoods can reduce risks to living standards and
equity. Improved health care systems, disaster management and early warning can reduce risks to human
health. Better management of land, soil and fisheries; and changing diets and reducing food waste can reduce
risks to food security. Improved water efficiency, and policies to reduce demand can reduce risks to water
security.

Previous IPCC reports have described in detail adaptation for individual actors as an iterative risk
management process of scoping (identifying risks, vulnerabilities, objectives, and decision-making criteria),
analysis (identifying options, assessing risks, evaluating trade-offs), and implementation (implementing
chosen options, monitoring, and reviewing and learning) (Jones et. al. 2014). This AR6 report expands the
focus to consider adaptation processes with multiple actors and a richer temporal dimension in which actions
taken at one time can expand or contract the set of feasible, effective, and just options available at another
time, thereby increasing or decreasing the ability of adaptation to reduce risks (Section 17.1). This AR6
report also expands the focus to include decision processes the implement both adaptation and mitigation
(Chapter 18) as well as a heightened attention to Monitoring and Evaluation (M&E), which is.a key
prerequisite for successful iterative risk management and achieving effective and just adaptation outcomes at
local to global levels (Section 1.4.3, 17.5.2). The challenges of implications for adaptation, mitigation and
sustainable development outcomes result from decision-making process at different levels (Bertram et al.,
2016, Von Stechow et al., 2015). To overcome these challenges often require significant learning and
innovative ways of linking science, practice and policy at all scales(Shaw and Kristjanson, 2014).

Two concepts — enabling conditions and catalysing conditions = help frame this report’s assessment of
factors that over time can help expand the set of available solutions (Section.17.4). Enabling conditions
enhance the feasibility of adaptation and mitigation'options (cross-AR6 glossary). Enablers include finance,
technological innovation, strengthening policy instruments, institutional capacity, multi-level governance,
and changes in human behaviour and lifestyles. Chapter 17 (see also WGIII Figure 1.4) identifies three broad
categories of enabling conditions: (Section 17.4)»governance; finance and knowledge. Catalysing
conditions motivate and accelerate the adaptation decision-making process, leading to more frequent and
more substantial adaptation (Chapter 17). While enablers.make adaptation more feasible and effective,
catalysing conditions provide an impetus for action. These later conditions include a sense of urgency
(Section 17.4.5.1); system shocks, such.as thosefrom natural disasters; policy entrepreneurs; and social
movements.

The concept of the solution space provides a framework for assessing how the options available for
adaptation for any particular. community are not constant over time and can depend on the past, current and
future choices of many actors. The solution space is defined as the space within which opportunities and
constraints determine why, how, when and who adapts to climate risks (Haasnoot et al., 2020). The concept
aims to capture the dynamic inter-temporal, spatial and jurisdictional interconnections among adaptation
actions. A larger solution space indicates people and organisations with more options for adapting to and
reducing theirtisk from climate change. Both human choices and exogenous changes in human and natural
systems-affect the future solution space. For instance, changes such as the magnitude and rate of climate
change may shrink the space. Economic growth can generate more resources that expand the solution space
as can implemented adaptation actions such as pilot projects, awareness raising, and changes in laws and
regulations.

ARS used the concept of solution space in its SPM Figure 8. Several AR6 chapters, in particular 13, 14, and
18, use the concept to address challenges salient in AR6. In any assessment of solutions, what is feasible,
effective, and just depends not only on the potential solution itself but the particular biophysical and societal
context in which it might occur (Section 17.5; Gorddard et al., 2016; Wise et al., 2014). Solutions can also be
space and time dependent because the biophysical and societal context can change over space and time
(Section 18.1.4). In addition, the large gap that exists between current climate action and that needed to meet
policy goals suggests that decision-makers may not only seek to implement available solutions but seek to
actively expand the set of solutions (Chapters 17, 18). Finally, as used in this report the concept of solution
does not fully engage with questions of “by whom?”” and “for whom?” In many cases solutions would
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necessarily be implemented by multiple, independent actors interacting with varying degrees of cooperation
and competition (Sections 1.4.2, 1.5.2).

[START BOX 1.2 HERE]
Box 1.2: Financing as an Example of Enabler

According to the UNFCCC, adaptation finance includes public, private and alternative sources of finance for
supporting adaptation actions, whereby adaptation and resilience are often used interchangeably in this
context. Adaptation finance constitutes a crucial enabling condition and shaper of the solution space,
depending on other enabling conditions such as proper planning, implementation and governance which are
also the triggers for investments and finance to flow and to ensure that positive adaptation outcomes. Details
of adaptation finance can be found in Chapter 17 (Cross-Chapter Box FINANCE in Chapter 17, Section
17.4). The adaptation and resilience options offer multiple benefits including avoiding risks and losses,
economic growth, wellbeing as well as social and environmental benefits (Agrawal and Lemos, 20153
Bayleyegn et al., 2018; Global Commission on Adaptation, 2019). Hence, the rate of return on‘adaptation is
large, for example, there is a huge potential of net benefits i.e. $7.1 trillion while investing $1.8 trillion
globally in climate resilience and adaptation options such as early warning systems, climate-resilient
infrastructure, improved dryland agriculture crop production, global‘mangrove protection, and resilience of
water resources (Global Commission on Adaptation, 2019). These net benefits resulted primarily from
reducing future losses and risk, increasing productivity and innevation, and social and environmental
benefits. Despite strong uncertainty associated with benefit-cost-estimates, and concerns on focusing
efficiency (monetary) ignore important issues of non-economic.values, effectiveness of risk reduction and
climate justice (procedural/distributional).

The current public and private financial flows to‘adaptation are much.smaller than needed (Cross-Chapter
Box FINANCE in Chapter 17). Only a small. portion of overall adaptation finance needs is likely to be
covered by public sector finance. Private sector investment.thus:needs to play a crucial role. Hence, tracking
adaptation finance flows is important for enabling effective planning and prioritisation of investments,
assessing whether needs are being met, and ensuring accountability towards funding commitments, such as
the 100 billion USD promised to.developing countries per year by 2020 under the Paris Agreement (Donner
et al., 2016). Since ARS, significant progress has been made in tracking adaptation finance flows through
UNFCCC channels, multilateral.development banks,and bilateral finance (Cross-Chapter Box FINANCE in
Chapter 17), but large information gaps on‘adaptation finance via national public finance, commercial
lenders, investors, asset managers and insurers, company finance, and individuals and households remain.
That these financial flows do not occur suggests misaligned incentives and other governance challenges that
could be addressed as part of a response to climate change (Chapter 17). Across regions and sectors,
financial constraints have identified most significant which leading to limits to adaptation (Chapter 16).

[END-BOX-1:2 HERE]

[START BOX 1.3 HERE]
Box 1.3: Nature-Based Solutions

Nature-based solutions (NbS) (Section 2.6 and Cross-Chapter Box NATURAL in Chapter 2) provides an
example of how innovative ideas can expand the climate solution space (IPCC, 2018b; Seddon et al., 2019).
A commonly-used definition of Nature-based solutions (NbS) is that of IUCN (The World Conservation
Union) which defines it as “actions to protect, sustainably manage, and restore natural or modified
ecosystems, that address societal challenges effectively and adaptively, simultaneously providing human
well-being and biodiversity benefits” (Cohen-Shacham et al., 2016); in the context of IPCC, it focuses on
NbS which deliver climate change adaptation and / or mitigation benefits. NbS generally benefits
biodiversity and supports its role in both climate mitigation and adaptation. While the carbon sequestering
mitigation role of increasing forest and tree cover has dominated much of the earlier discussions, the role of
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NbS in promoting adaptation of natural ecosystems and human societies to climate change is being
increasingly emphasized. The details of different categories of ecosystem services in the ocean or on land
including biodiversity, food provision, other provisioning services e.g., medicinal and commercial products,
regulating and cultural services have been described in Chapters 2 and 3.

Forest restoration would certainly contribute substantially towards climate-proofing and achievement of
several Sustainable Development Goals as well as the Paris Agreement. There is increasing evidence that
diverse, native tree species plantations are more likely to be resilient to climate change in contrast to fast-
growing monocultures, (Hulvey et al., 2013) often of exotic species. At the same time, other natural
ecosystems such as savannas, grasslands, peatlands, wetlands and mangroves have considerable value in
acting as carbon sinks as well as providing other ecosystem services such as hydrological regulation, coastal
protection, maintaining biodiversity and contributing to human livelihoods especially pastoralists and
fishermen (Conant et al., 2017; Leifeld and Menichetti, 2018; Seddon et al., 2019; Veldman et al., 2015).
Coastal and marine ecosystems including wetlands and mangroves have featured prominently in studies of
NbS in climate adaptation and mitigation potential for “blue carbon” sequestration (Inoue, 2019; Sections
3.6.2.1; 6.3.3; Cross-Chapter Paper 2.3.2.3). Agroecological practices such as agroforestry, intercropping,
rotational grazing, organic manuring, and integrating livestock production with cropping etc can.also
consider as NbS which contribute to both climate mitigation and adaptation (Altieri and Nicholls, 2017;
Bezner Kerr et al., 2019; Leakey, 2020; Webb et al., 2017; Box 5.10).

There are concerns about large-scale conversion of non-forest land into forest plantations for the sole
purpose of increasing carbon sinks through bioenergy with carbon capture and storage (BECCS) (Hanssen et
al., 2020; Heck et al., 2018; Cross-Chapter Box in Chapter 2), which may actually result in negative carbon
sink (Jackson et al., 2002; Mureva et al., 2018) and significant loss of overall'biodiversity (Abreu et al.,
2017). Such large-scale afforestation may also lead to the dispossession of previous users, such as
smallholders and pastoralists. Hence, when NBS includes forest plantations or other large-scale conversion
of land-use, there is a risk that it results in maladaptation.and malmitigation including climate injustice
(Cousins, 2021; Seddon et al., 2019).

Much of the conceptual framework for NbS has come from initiatives to bring environmental, social and
economic dimensions to the same level.of importancepatticularly in the context of a highly urbanized
society (Faivre et al., 2017; Nesshover et al., 2017; Section 6.3.3). Emphasis has been given on urban storm
water management (Section 2.6.5.2) and heat mitigation-using measures such as sustainable drainage
systems, urban forests, parks and green roof-tops apart from coastal defences using NbS (Section 13.6.2.3)
This has triggered much.debate on'how distinct the concept of NbS is in relation to other similar concepts
such as ecosystem-based adaptation (EbA) approaches (Section 9.11.4.2), and call for an assessment
framework for proving the “effectiveness and efficiency” of NbS in providing superior ecosystem and
societal benefits-(Calliariet al., 2019). Instead, EbA can be treated as a subset of NbS (Chapter 2). However,
the time frame of ecosystem-based-adaptation is also an important consideration; thus, grassland and forest
restoration'would operate at different'time scales, while mangrove restoration can promote adaptation only at
local to national scales, depending on the extent and nature of coastlines (Taillardat et al., 2018). Given the
complex nature of plant and-animal species adapting to climate change through dispersal and migration to
more suitable habitat, this.also means that landscape-scale approaches, as opposed to purely protected areas,
are needed to promote adaptation, conserve and sustainably use biodiversity, and sustain livelihoods
(Sukumar et al., 2016;-Vos et al., 2008).

[END BOX 1.3'HERE]

1.4.2.2 Governing Adaptation

Governance and governing refer to the structures, processes, and actions through which private and public
actors interact to address societal goals. This includes formal and informal institutions and the associated
norms, rules, laws and procedures for deciding, managing, implementing and monitoring policies and
measures at any geographic or political scale, from global to local. Governance systems and the specific
societal institutions through which they are organized are crucial to the feasibility and success of climate
change adaptation, both in terms of its effectiveness in reducing climate risk and vulnerability as well as
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equity (including climate justice), and with respect to incremental as well as transformational adaptation.
This is why AR6 WGII pays even more attention than previous assessments to governance as an important
enabling condition, and to the wide range of new actors beyond governments involved in planning,
implementing, and monitoring and evaluating adaptation action. The assessments in subsequent chapters of
AR6 WGII show that successful and equitable collective adaptation efforts at different levels and scales, and
based on key principles of iterative risk management, require strong, usually multi-level governance
systems. Multi-level governance refers to the dispersion of governance across multiple levels of jurisdiction
and decision-making, including, global, regional, national and local, as well as trans-regional and trans-
national levels (see also WG III Chapter 1). The concept emphasises that modern governance generally
consists of, and is more flexible, when there are linkages of governance processes across different scales and
levels. Multi-level governance is widely regarded as crucial particularly for transformational adaptation,
defined as “adapting to climate change resulting in significant changes in structure or function that go
beyond adjusting existing practices including approaches that enable new ways of decision-making on
adaptation” (IPCC SR1.5, see also Section 1.5). The assessment in subsequent chapters also shows that
public governance arrangements and institutions support the majority of adaptation for addressing the most
important climate risks, though the importance of the private sector and community organizations in
adaptation is increasing. It also shows that polycentric governance tends to benefit adaptation.

The empirical literature on adaptation governance has advanced strongly since'ARS. It shows that stronger
general governance capabilities are usually associated with more ambitious adaptation plans and more
effective implementation of such plans (Chen et al., 2016; Keskitalo and Preston, 2019b: 24; ND-GAIN,
2019; Oberlack, 2017; Oberlack and Eisenack, 2018; UNEP, 2014; UNEP, 2018; UNEP-¢t al., 2021;
Woodruff and Regan, 2019). Governance capabilities are, to a significant degree, but not exclusively, a
function of available financial resources and technology,but also.a function of social capital and societal
institutions, including well-functioning local, regional, and national governments and collaboration among
these governmental actors and non-governmental stakeholders, including civil society and the private sector.
The literature also points to governance conditions that are likely to-enable transformational adaptation
(Maor et al., 2017; see also Sections 1.4.4 and 1.5, Chapter 17).

Existing comparative data for adaptive capacity worldwide is at a rather coarse level of temporal and spatial
resolution. It can, nonetheless, provide a very general-picture of rates of change in adaptive capacity at the
national scale, and differences between countries. Further empirical research is needed to identify the most
important predictors of variation across.countries and time, though the available data suggests that differing
national income and education levels play a major role in accounting for differences in adaptive capacity
(Andrijevic et al., 2020).-Spatially more resolved (subnational) data is needed because a large body of case
study research suggests that there is strong variation also within countries, particularly the large ones (e.g.
India, China, Brazil, United States) (Chapter 16, see also Nalau and Verrall, 2021 and Cross-Chapter Box
ADAPT). Moreover, higher degrees of adaptive capacity do not mean that adaptation action will follow
automatically, nor that it will succeed in terms of equity and effectiveness in reducing vulnerability to
climate change and enhancing well-being. How differences across and within countries in climate risk
exposure translate into adaptation action, contingent on differences in adaptive capacity, can to some extent
be inferred from case studies; but remains to be studied at a larger, comparable and generalizable scale.

Governance capacity constitutes an important enabling condition not only because it facilitates the (efficient)
organization and implementation of adaptation action, but also because it contributes to learning. The latter
is central to the"process of adaptation as information regarding current and future climate conditions
continues to evolve, as does understanding of appropriate response options and the actors involved. In
addition, norms, values and practices may change in response to changing conditions (Jones et al., 2014).
Much learning by individuals, communities and organisations is unplanned (National Research Council,
2009) as is much current adaptation (Berrang-Ford, 2020), which can reduce near-term costs and
administrative complexity, but may prove maladaptive (Section 1.4.2.4). Iterative risk management (Section
1.2.1.1) and related concepts such as risk governance (Renn, 2008) describe a planned learning process of
ongoing assessment, action and reassessment. [terative risk management can be as simple as scheduling
future updates of assessments and plans, as with the five-year updates of the global stocktake after 2023
called for in the Paris Agreement or encompass more elaborate learning processes, such as dynamic adaptive
pathways (Haasnoot et al., 2019b; Cross-Chapter Box DEEP in Chapter 17) which include specific near-term
actions, specific trends to monitor and specific contingency actions to take depending on the future
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conditions observed. While often more effective at meeting goals, such planned learning processes may pose
implementation and governance challenges (Metzger et al., 2021)

Mainstreaming adaptation into existing governance structures and associated organisations and their
investments, policies and practices can contribute to expanding the solution space and support efforts at
transformative adaptation. For instance, urban planning can support adaptation by mainstreaming adaptation
into city plans, such as land-use planning, procuring resilient infrastructure and transportation, supporting
health and social services, promoting community-based adaptation, and protecting and integrating
biodiversity and ecosystem services into city planning (Section 17.4.3). Mainstreaming adaptation also
shows many shortcomings, such as, diminish the visibility of dedicated, stand-alone adaptation approaches
(Persson et al., 2016), unequal distribution of adaptation efforts; dilute responsibilities for implementation
(Nalau et al., 2016; Reckien et al., 2019); exhibit disconnects between planning, investment and
implementation and limited policy coherence (Bizikova et al., 2015; England et al., 2018; Friend et al., 2014;
Koch, 2018); and fail to adequately balance overlapping and/or competing policy objectives (Vij et al.,
2018).

Finally, governing adaptation in ways that maximize the solution space and facilitate learning.can help-avoid
maladaptation. Maladaptation refers to potentially adverse effects of certain forms of adaptation action, such
as increased GHG emissions, or increased vulnerability to climate change anddiminished welfare of certain
parts of a population now or in the future (Anguelovski et al., 2016;Benzie et al., 2018;IPCC, 2018b;
Keskitalo and Pettersson, 2016; Munia et al., 2018; Nadin and Roeberts, 2018; Prabhakar et.al., 2018;
Veldkamp et al., 2017; Zimmermann et al., 2018). Maladaptation is.an example of response risk, which is
increasingly highlighted in both AR6 WGII and WGIII (Section1:3.1.2, see also IPCC Risk Guidance). One
example is that adaptation action may set paths that limit'the choices of future generations to adapt. This last
characteristic refers to the lock-in effects of improperly designed and costly-infrastructures that affect the
ability of future generations to amend.

Maladaptation can result from many potential barriers; including.administrative, human, financial and
technical resource constraints (Hassanali, 2017; Pardoe et al., 2018; Singh et al., 2018); lack of transparency
and/or capacity in governance (Friend et al.; 2014); unreliable information on climate impacts and the lack of
key policy guidelines (Pilato et al., 2018); entrenched-institutional, legal and technical obstacles (Gao, 2018)
and low literacy, including environmental.and scientific literacy (Wright et al., 2014); and exclusion of
vulnerable groups (Forsyth, 2018); governance fragmentation (that is, a fragmentation of laws, regulations,
and policy requirements); and limited cross-sectoral.collaboration, meaning that there is limited coordination
and that top-down planning approaches are not connected to local dynamics (Archer et al., 2014; Pardoe et
al., 2018). This report.draws attention to maladaptation challenges recognising that not all adaptation-related
responses reduce risks (Chapter 16). Besides, maladaptation is the opposite of successful adaptation which is
associated with reduction/of climate risks and vulnerabilities for humans and ecosystems, increased well-
being, and co-benefits with other sustainable development objectives. (Chapter 17)

1.4.3  Monitoring and Evaluation of Adaptation

Monitoring and evaluation (M&E) encompasses a broad range of activities serving multiple purposes,
including tracking, progress of adaptation efforts over time, understanding equity and effectiveness of
adaptation options and-outcomes, and informing ongoing adaptation processes (Section 17.5.2.1). While
monitoring and evaluation are often referred to jointly as “M&E,” monitoring usually refers to continuous
information gathering whereas evaluation denotes more comprehensive assessments of effectiveness and
equity, often resulting in recommendations for decision makers (Sections 17.5.1.1 and 17.5.1.7). In some
literatures M&E refers solely to efforts undertaken after implementation. In other literatures, M&E refers
both to efforts conducted before and after implementation. As shown in Figure 1.8, M&E is essential to the
process of iterative risk management, both in terms of adaptation assessment prior to implementation and
M&E of implemented adaptation measures. AR6 highlights that M&E after implementation is much less
common than adaptation assessment prior to implementation (Section 17.5.2.1; Berrang-Ford, 2020).

Tracking adaptation planning and policies: Since AR5, interest in M&E for tracking progress in adaptation
has grown substantially at the local, national and global level. I The Paris Agreement calls for a Global
Stocktake every five years starting in 2023 (Cross-Chapter Box PROGRESS in Chapter 17). It also
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encourages states to monitor and evaluate their adaptation plans, policies, programmes and actions and
provides guidance on communicating information about adaptation to the international community
(UNFCCC, 2015Db, Article 7.9d; UNFCCC, 2018a, Decision 9/CMA.1; UNFCCC, 2018b, Decision
18/CMA.1).

Since ARS, a large number of case studies on individual local to national level adaptation measures have
been published (see Chambwera et al., 2014; Keskitalo and Preston, 2019b), as well as comparative studies
across countries over multiple years (Biesbroek et al., 2018; Biesbroek and Delaney, 2020; Lesnikowski et
al., 2016). The existing literature now allows for at least preliminary conclusions about where and why we
observe adaptation efforts, as described in the sectoral, regional and synthesis chapters of this report.

While case studies provide context-specific insights, global inventories are essential for tracking global
progress on adaptation (UNEP, 2018; UNEP et al., 2021; Cross-Chapter Box PROGRESS). Until recently,
the dominant approach surveyed National Communications to the UNFCCC to measure the amount of
adaptation planning activity worldwide (Gagnon-Lebrun and Agrawala, 2007; Lesnikowski et al., 2016).
More recent assessments have focused also on the quality of local and national adaptation planning tobetter
characterize its potential merits, shortcomings and effects (UNEP et al., 2021; Woodruff and Regan, 2019)
and have compiled inventories of adaptation projects (Leiter, 2021) and local'adaptation policies
(Lesnikowski et al., 2019b; Olazabal et al., 2019; Reckien et al., 2018; see also Section 6:4.6). Chapters 16
and 17 of this report offer an initial synthesis, but efforts to compile/a comprehensive global, empirical
inventory of climate change adaptation remain in an early phase (e.g., Berrang-Ford etal., 2011; Fankhauser,
2017; Ford et al., 2015; GEF, 2014; Leiter, 2021; Lesnikowski-et al., 2016; Tompkins etal., 2010; Tompkins
etal., 2018).

Assessments prior to in?plementati;n
Assessments of climate risks and vulnerabilities; identification, appraisal and selection
of adaptation options
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Figure 1.8: Adaptation assessment prior to implementation and M&E during and after implementation. Both
systematic assessment of adaptation needs and options and M&E of implemented adaptation are key to iterative climate
risk management, and to achieving effective and equitable adaptation. Most assessments to date have referred to aspects
prior to implementation. There is much less systematic evidence on adaptation action, and even less evidence on
adaptation outcomes and impacts and their implications for climate change impacts, risks, vulnerabilities and resilience.
Figure 17.9 in Chapter 17 provides more detail on M&E.

Improving effectiveness: Information regarding the effectiveness of adaptation remains scarce (UNEP et al.,
2021), which hinders efforts to improve adaptation practice. A recent comprehensive review found that only
2.3% of the close to 1,700 articles identified by the Global Adaptation Mapping Initiative as documenting
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implemented adaptation provide evidence of risk reduction (Chapter 16; Berrang-Ford, 2020). However,
there exists limited but emerging evidence of the use of M&E by different actors to assess adaptation
progress (Section 17.5.1).

Existing case studies use varying criteria for assessing effectiveness, complicating comparisons. Judgements
regarding successful adaptation are contingent on the chosen scale and perspective (success for whom?)
(Adger et al., 2005; Dilling et al., 2019) and on the level of risk, i.e., increasing climate risks may cause
previously successful adaptation to become insufficient. Rather than a binary outcome (successful or
unsuccessful), adaptation can be viewed on a continuum from successful adaptation to maladaptation
(Section17.5.2). Assessments of adaptation success need to account for distributional effects and differential
vulnerability, as well as consider connections across different scales and complex interactions with other
change processes (Section 17.5.1). Recent literature has begun to identify how adaptation can better achieve
its intended objectives (Eriksen et al., 2021). For instance, inclusive M&E can legitimize and validate M&E
and foster commitment and learning.

Informing ongoing adaptation: Iterative risk management involves an ongoing cycle of assessment, action,
learning and response in which M&E plays a central, enabling role (Section 1.2.1.1). Assessing the risk
reduction provided by adaptation, both planned and implemented, often requires projections of anticipated
future climate, socio-economic conditions, and the effectiveness and implications for justice.of'each option
(Section 17.4.4). Understanding the potential for maladaptation may also require such assessments (Section
1.4.2). Processes, such as adaptive pathways, that involve anticipating future responses,(Box 11.4; Box 11.6;
Sections 11.7; 17.3) entail monitoring to detect early warning.of approaching thresholds.or changes in the
solution space (e.g. more rapid than expected sea level rise or new'social acceptance of managed retreat) that
suggest the need or opportunity to adjust or expand current adaptation efforts (Haasnoot et al., 2021).

[START CROSS-CHAPTER BOX ADAPT HERE]
Cross-Chapter Box ADAPT: Adaptation Science

Authors: Johanna Nalau (Australia/Finland), Lauren Rickards (Australia), Tabea Lissner (Germany),
Katharine J. Mach (USA), Lisa Schipper (Sweden/United Kingdom), Chandni Singh (India), William
Solecki (USA), Adelle Thomas' (Bahamas) and Edmond-Totin (Benin)

High-level statements:

e Adaptation knowledge consists of a diverse set of sources including academic research, applied analysis
and practice and experience with projects and policy on the ground.

e Adaptation science encompasses both research ‘on adaptation’, documenting and analysing experiences
of adaptation, and ‘for adaptation’, aiming to advance the planning and implementation of adaptation.

¢ The nature of'adaptation research is diversifying and examines different approaches from local case
studies to more global, transboundary, comparative and interactive perspectives, although critical
conceptual and empirical gaps remain in defining effectiveness in adaptation and measuring adaptation
progress.

This cross-chapter box complements the reviews of specific adaptation knowledge, content and progress
described throughout WG2 by providing a higher-level analysis of the shifting characteristics of and trends
in adaptation research and its evolution over time.

The characteristics and diversity of adaptation knowledge

The knowledge base on adaptation has matured significantly since ARS5. Whereas adaptation research was
primarily academic during the 1990s and 2000s, it now includes a proliferation of on-the-ground experience
of how to adapt to climate change, increasingly documented in reports and papers. Furthermore, academic
research on adaptation has diversified significantly. Understanding the characteristics and diversity of this
knowledge base is key for it to effectively inform decision making and action on adaptation.
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Academic work on adaptation now spans an increasing number of disciplines and countries and is published
across diverse academic outlets and disciplines, with 28.5% annual average increase in adaptation specific
publications (Nalau and Verrall, 2021). This expands the range of considerations and perspectives within
adaptation research and increases the challenge of identifying and synthesising all relevant research on
adaptation in reviews or assessments (Berrang-Ford et al., 2015; Sietsma et al., 2021; Singh et al., 2020;
Webber, 2016). Also, large bodies of research and knowledge exist that support climate adaptation ideas,
theoretical development, and practical implementation, but are not explicitly framed as climate change
adaptation (Biesbroek et al., 2018; Dupuis and Biesbroek, 2013; Keskitalo and Preston, 2019a). Therefore,
debates still emerge about what actually counts as “adaptation” (Dupuis and Biesbroek, 2013), and what
knowledge is being assessed and measured for this purpose.

IPCC assessment reports combine two complementary approaches to adaptation research: that which is ‘on’
or ‘about’ adaptation and that which is ‘for adaptation’. Both are needed because research ‘on adaptation’
helpfully investigates the phenomenon and processes of adaptation (e.g., via analyses of others’ adaptation
practices and efforts) while research ‘for adaptation’ generates knowledge that can enable the planning and
implementation of adaptation (e.g., action research as part of an adaptive capacity building process).(Swart
etal., 2014).

One of the contributions of research ‘on adaptation’ is to track and debate the broader trends, core
characteristics and overall assumptions embedded in adaptation knowledge. This reflexive turn about the
foundational assumptions is itself one emerging trend in adaptation research (e.g., Atteridge’and Remling,
2017; Juhola, 2016; Nalau et al., 2015; Preston et al., 2013). This signals the influence of more social
science in adaptation research and increased awareness of the practical value of being transparent and
critically reflective about the content, topics, frames and-approaches that researchers use (Lacey et al., 2015;
Nalau et al., 2021; Singh et al., 2021). For example, different'conceptions of adaptation contribute to
different definitions of “adaptation success”, different ideas about what “effective” adaptation practice looks
like and, thus, different conclusions about what is and is not working-well (Berrang-Ford et al., 2019; Dilling
et al., 2019; Eriksen et al., 2021; Magnan et al., 2020; Owen, 2020; Singh et al., 2021; Section 17.5.1.1).
This diversity adds richness and options, but also'poses challenges in constructing a conventional evidence
base for decision- and policy making. Adaptation researchers are increasingly expected to offer clear and
confident advice on adaptation success, yet are also increasingly aware of how context-specific and
contested success is (see also Lacey etal.;;2015 on ethics).

Grey literature on adaptation is also proliferating, typically authored by organisations funding and
implementing adaptation: This literature often documents a range of adaptation strategies (Sections 9.8.3;
10.4.6.4; 14.4.3.3; 17.2.1.).and lived experiences of adaptation efforts, including helping give voice to
marginalised groups, and highlighting the importance of Indigenous knowledge and local knowledge (Nunn
et al., 2016; Section 4.7.5:4; Box.9.2;.15.6.4; Cross-Chapter Box INDIG in Chapter 18; Petzold et al., 2020).
However, most of the lessons learned through implementation of adaptation projects and programmes are
still not captured.in.academic or even'grey literature and thus remains less systematically analysed.
Crucially, the large gaps.in documentation of adaptation knowledge mean that a lack of published evidence
about a.given-issue does notnecessarily reflect its absence in real life — a qualification about adaptation
research'that readers of AR6/need to appreciate.

The evolution of adaptation research trends

In the 1990s, climate change adaptation was constrained as a specific topic of inquiry by the dominant focus
on mitigation of greenhouse gas emissions and the related assumption that successful mitigation would
render unnecessary the need for adaptation beyond what human and natural systems could inherently
manage (Pielke, 1998; Schipper, 2006; Schipper and Burton, 2009). Several key developments in the 1990s
included the IPCC 2™ report (1996) and the establishment of several key journals including Climatic Change
(1978), Mitigation and Adaptation Strategies to Global Change (1996), and the Global Environmental
Change journal that strengthened more dedicated focus on climate change related research.

Many foundational papers on key concepts central to adaptation were published in 1990s and early 2000s
onwards (Adger et al., 2005; Burton, 1992; Fankhauser et al., 1999; Klein, 2003; Parry and Carter, 1998;
Pittock and Jones, 2000; Smit, 1993; Smit et al., 1999; Smithers and Smit, 1997) while adaptation began to
gain more prominence in IPCC’s 3rd assessment (2001) and 4™ assessment (2007). For example, the Canada
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Climate Program report (Smit, 1993) report set out many of the principles of adaptation, and was highly
influential charting these concepts also in IPCC’s 3™ Assessment Report (Schipper and Burton, 2009). These
papers and IPCC reports remain key foundations of climate adaptation science literature (Nalau and Verrall,
2021).

Helping to differentiate adaptation from mitigation during this period was a focus on theoretical principles
and a framing of adaptation as local and context-specific, in contrast to mitigation’s global character (Nalau
et al., 2015; Westoby et al., 2020), leading to locally oriented adaptation research and practice, including the
rise of community-based adaptation (Kirkby et al., 2017). Since ARS, however, adaptation has extended
beyond the local, recognising the ‘borderless’ character of many climate change risks and vulnerabilities
(Benzie and Persson, 2019) and framing adaptation and global adaptation governance as a global public
good (Persson, 2019a). Encompassing this expanded scale is challenging for adaptation research compared
to treating adaptation as a local issue, which fits more easily with social research methods. Adaptation now
works across scales (Biesbroek et al., 2013; Dzebo and Stripple, 2015; Keskitalo and Preston, 2019a) and
attends simultaneously to both the opportunities and risks arising from climate change (Juhola, 2016;
Keskitalo and Preston, 2019a). This suggests that empirical adaptation research should incorporate multi-
scalar research designs and methods.

A strong focus has been and remains on case studies of adaptation practice, but adaptation science literature
reviews have become common. Recent systematic reviews cover topics such.as adaptation effectiveness
(Owen, 2020), public participation and engagement (Hiigel and Davies, 2020), role of local knowledge
(Klenk et al., 2017), adaptive capacity (Mortreux and Barnett,.2017; Mortreux et al.; 2020; Siders, 2019a),
evolution of adaptation science (Nalau and Verrall, 2021), empirical adaptation research in the Global South
(Vincent and Cundill, 2021), how cities are adapting (Reckien et al., 2018), how decisions can be made
(Siders and Pierce, 2021), Indigenous knowledge (Petzoldetal., 2020) and'small island developing states
(Robinson, 2020). Review papers have developed common methodologies for how to undertake robust
reviews in adaptation research (Berrang-Ford etal.,;2015; Biesbroek-et al., 2018; Lesnikowski et al., 2019a;
Singh et al., 2020), and noted an existing imbalance as'the majority of the literature still originates from the
Global North compared to Global South (Nalau and Verrall; 2021; Robinson, 2020; Sietsma et al., 2021).

At the same time, adaptation research is also challenged by increasing attention to transformational
adaptation (TA), which refers to findamental changes going beyond existing practices, including new
approaches to adaptation decision-making (Section 1.5)-Whereas ARS noted TA as an area of future
research (Klein et al., 2014b), it:has continued to grow in profile since then. Rather than a future or fringe
consideration - e.g., an extreme action necessitated by the limits of incremental adaptation - transformational

adaptation is increasingly an option that decision-makers are considering today. This increasing attention on
TA is driven by a growing recognition of climate risks and impacts as well as the need for urgent, systemic
action as laid out in the IPCC’s recent:special reports (IPCC, 2018d). Yet what incremental and
transformational adaptation look like, how they relate in practice, and how to appropriately choose
incremental or transformational options, is uncertain and increasingly debated (Few et al., 2017; Magnan et
al., 2020; Termeer et al.;2016; Vermeulen et al., 2018; Wilson et al., 2020; Section 17.2.2.3). One of the
main challenges is now.to'generate empirical evidence and policy relevant insights on transformational
adaptation (e.g., Jakkuet als; 2016). Transformative approaches are especially being discussed in the context
of COVID-19 (Schipper et al., 2020; Cross-Chapter Box COVID in Chapter 7).

Increasingly reflective adaptation research

Another characteristic of recent adaptation research is a stronger focus on ethics, justice and power (Byskov
et al., 2021; Coggins et al., 2021; Eriksen et al., 2021; Singh et al., 2021). Researchers and practitioners are
increasingly impatient to address the root causes of vulnerability and use inclusive climate adaptation
processes to generate effective adaptation responses for marginalised and misrecognized groups (Eriksen et
al., 2015; Gillard et al., 2016; Scoones et al., 2015; Tschakert et al., 2013; Wisner, 2016). Increasingly
ambitious, normative adaptation research often challenges technological solutions that simply reinforce the
existing status quo (Nightingale et al., 2019, p. 2) and calls for “socially-just pathways for change”. Here
work on adaptation overlaps with mitigation, transitions and other large-scale social change, encouraging the
move towards more systemic, integrated approaches that discern between options according to multiple
criteria (Goldman et al., 2018).
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Fundamental questions about equity and justice in adaptation include gender and intersectionality (see Cross-
Chapter Box GENDER in Chapter 18, Section 1.4.1.1 Chapter 18;) and broader critiques of who participates
in processes of adaptation planning and implementation, who receives investments, who and what benefits
from them, who makes key decisions regarding adjustments through time (Boeckmann and Zeeb, 2016;
Byskov et al., 2021; Eriksen et al., 2021; Nightingale et al., 2019; Pelling and Garschagen, 2019; Taylor et
al., 2014), and how climate justice intersects with other justice agendas. Attention is also turning to relations
and tensions between different adaptation approaches, scales, constraints, limits, losses, enablers and
outcomes (Barnett et al., 2015; Crichton and Esteban, 2017; Deshpande et al., 2018; Gharbaoui and Blocher,
2017; McNamara and Jackson, 2019; Mechler and Schinko, 2016; Pelling et al., 2015). Evident here is an
ongoing, serious knowledge gap around the long-term repercussions of adaptation interventions. There is

growing awareness of the need to address the potential for maladaptation (Sections 1.4.2.4; 5.13.3; 15.5.1,
17.5.2, Chapter 4 on Water). Concerns about maladaptation have led to renewed calls to open the “black
box” of decision making to examine the influence of power relationships, politics and institutional
culture(Biesbroek et al., 2013; Eriksen et al., 2015; Goldman et al., 2018), including the power-adaptation
linkage itself (Woroniecki et al., 2019), external factors outside the decision-making process (Eisenack et al.,
2014) and the influence of leadership on adaptation processes and outcomes,(Meijerink et al.,; 2014; Vignola
etal., 2017).

All of these developments indicate that adaptation research is not only more reflexive about some of its
central assumptions, methodologies and tools (Biesbroek et al., 2013; Conway and Mustelin, 2014; Eriksen
et al., 2015; Lubell and Niles, 2019; Nalau et al., 2015; Nightingale, 2015a; Porter et'als; 2015; Singh et al.,
2021; Woroniecki et al., 2019), but also cognisant of the need to critically consider its underpinning goals,
purpose and impact in the world.

[END CROSS CHAPTER BOX ADAPT HERE]

1.4.4  Limits to Adaptation

The effectiveness of adaptation efforts also depends on the constraints and limits that human and natural
systems face when confronted with increasingly higher levels of climate risks. The concept of adaptation
limits strongly affects any appropriate balance among adaptation and mitigation actions in the sense that less
mitigation makes adaptation harder or even.infeasible. Adaptation limits refer to the point at which an
actor’s objectives (or system needs) cannot be secured from intolerable risks through adaptive actions (WGII
ARG Glossary). Adaptation limits can-be soft or hard. Soft adaptation limits occur when options may exist
but are currently not.available to avoid intolerable risks through adaptive actions and hard adaptation limits
occur when no/adaptiveactions are possible to avoid intolerable risks. Intolerable risks are those which
fundamentally threaten a private ot social norm — threatening, for instance, public safety, continuity of
traditions; a legal standard or a social contract -- despite adaptive action having been taken (Dow et. al.
2013). Intolerable risks.threaten core social objectives associated with health, welfare, security, or
sustainability (WGILARS Chapter 16). Through the lens of resilience, hard limits represent the range of
change or disturbance beyond which a system cannot maintain its essential function, identity, and structure.
Soft limits represent the range of change or disturbance of a system which can be sustained over time by
innovation ot policy changes. The level of greenhouse gas reduction, adaptation and risk management
measures are the key factors determining if and when adaptation limits are reached.

1.4.4.1 Limits to Adaptation and Relation to Transformation

A species ability to adapt may be significantly impacted by the dynamics of interactions between the
ecosystems and species, so that a species may reach its limit to adapt even in a gradually changing
environment, leading to sudden changes in range fragmentation (Radchuk et al., 2019). As human
interventions affect the ability of species and ecosystems to adapt, a deeper understanding on ecosystems and
species interactions and evolution in response to climate change is important in order to reduce future
biodiversity losses (Nadeau and Urban, 2019). Hard limits for ecological and natural systems are more
proximate than for human systems (Chapter 16) (medium confidence). Many terrestrial, freshwater, ocean
and coastal ecosystems are currently near or beyond their hard adaptation limits (Chapters 2, 3 and 16).
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Many human and natural systems are currently near or beyond their soft adaptation limits (Dow et al., 2013;
Chapters 4, 5, 6, 7, 8, and 16). The concept of limits to adaptation is dynamic in terms of the temporal,
spatial and contextual dimensions of climate change risks, impacts and responses (Chapter 17; Storch, 2018).
Adaptation limits depend on a complex function of interactions between social, ecological, technological and
climatic elements, which appear to have thresholds beyond which adaptation can be infeasible and represent
limits to adaptation. Such thresholds are endogenous to society and hence contingent on ethics, knowledge,
attitudes, culture, governance, institutions and policies (Abrahamson et al., 2009; Tschakert et al., 2017).
Since ARS, the evidence on limits to adaptation has been advanced across regions and sectors. Many
adaptation constraints (financial, governance, institutional and policy etc.) lead to soft adaptation limits (see
Chapter 16 for detailed evidence on constraints and adaptation limits). The ability of actors to overcome
these constraints including social constraints to behavioural changes, depends on additional adaptation
implementation. (Abrahamson et al., 2009; Di Virgilio et al., 2019; Juan, 2011). Thus, socioeconomic,
technological, governance and institutional systems or policies can be changed or transformed in responses
to the different dimension of adaptation limits to climate change and extreme events.

When a soft limit is reached, then intolerable risks and impacts may occur, and additional adaptations
(incremental or transformational) are required.to reduce or avoid these risks and impacts (Chapters 2, 3, 4, 5,
6,7, 16 and 17). IPCC SR1.5 defined incremental adaptation that maintains the essence and integrity of a
system or process at a given scale whereas transformational adaptation that changes the fundamental
attributes of a socio-ecological system in anticipation of climate change and its impacts. When incremental
adaptation is insufficient to avoid intolerable risks, transformational adaptation may:be able to extend the
potential to sustain human and natural systems (IPCC, 2018a; Cross-Chapter Box LOSS in Chapter 17,
Klein et al., 2014b). Transformational adaptation can allow a system to extend beyond its soft limits and
prevent soft limits from becoming hard limits. This reportprovides evidence of assessing transformational
adaptation in terms of scope, depth, speed and limits toadaptation (Chapter 16).

This report assesses adaptation limits (soft and hard) and residual risks for some actors and systems (Chapter
16). Residual risk is the risk that remains following adaptation.and risk reduction efforts (SROCC).
Residual risk is also used as other terms such as ‘residual impacts’, ‘residual loss and damage’ and ‘residual
damage’. As noted in AR5 WGII, the residual risk is Jarger or smaller depending on a society’s choices
about the appropriate level of adaptation and its ability to achieve an appropriate level. The intersection of
inequality and poverty presents significant adaptation limits, resulting in residual impacts for vulnerable
groups, including women, youth, elderly, ethnic and.religious minorities, Indigenous People and refugees
(Section 8.4.5). An appropriate level of adaptation, which ideally reflects a balance between the desired level
of risk and the actions'needed to achieve thatlevel of risk, depends on the solution space, the society’s views
on climate justice, the tolerance for climate-related risks, the society’s tolerance for the costs and other
impacts of the actions needed to reduce risk. IPCC’S special reports stated that residual risks rise with
increasing global temperaturesdrom 1.5°C to 2°C (SR 1.5) and emerge from irreversible forms of land
degradation (SRCCL). Among otherrisks, this report is evidenced that at risk to coastal flooding from sea
level rise; nature-based adaptation measures (e.g., coral reefs, mangroves, marshes) reach hard limits
beginning at-1:5°C of global warming (Chapter 16). Residual risks may lead to exceeding the limits of
adaptation, hence, this.report underscores on the role of decision-making on transformational adaptation for
dealing with residual risk and soft as well as hard adaptation limits (Cross-Chapter Box LOSS in Chapter
17). Section 1.5 addresses transformational adaptation in the context of climate resilient development
pathways, since such adaptation is inseparable from mitigation and sustainable development.

1.4.4.2 Emerging importance of loss and damage

The concept of Loss and Damage (with capitalized letters, L&D) refers to discussion point under the
UNFCCC, which is to “address loss and damage associated with impacts of climate change, including
extreme events and slow onset events, in developing countries that are particularly vulnerable to the adverse
effects of climate change.” Lowercase letters of losses and damages refer broadly to harm from (observed)
impacts and (projected) risks (IPCC, 2018a). The IPCC report uses the latter for its assessment on loss and
damage which may provide useful information for the former. L&D associated with climate change has
gained importance supported by the robust scientific evidence on the anthropogenic climate change
amplifying frequency, intensity and duration of climate-related hazards (Mechler et al., 2019). Loss and
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damage associated with those residual losses and damages that are felt beyond the adaptation actions taken
implying a sense of limits to adaptation at a given time and spatial contexts (Tschakert et al., 2017). IPCC’s
special report on climate change and land also underlined the unavoidable loss and damage due to changes in
tropical and extratropical cyclones and marine heatwaves where adaptation and resilience limits are being
exceeded for the people and ecosystems (IPCC, 2019a; Cross-Chapter Box LOSS in Chapter 17).

Loss and damage has emerged as an important topic in international climate policy (Boyd et al., 2017,
Roberts and Pelling, 2016; Surminski and Lopez, 2015) which originated from Small Island Developing
States for compensation, related to sea level rise impacts. It has since become formalized under the
UNFCCC, through the establishment of the Warsaw International Mechanism (UNFCCC, 2013) and Article
8 of the Paris Agreement (UNFCCC, 2015b). The WIM promotes the implementation of comprehensive risk
management approaches, improves understanding of slow onset events, non-economic losses and human
mobility (migration, displacement) and enhances action and support, including finance, technology and
capacity-building to avert, minimize and address loss and damage associated with climate change impacts
particularly vulnerable and developing countries (UNFCCC, 2021). Different actors have defined loss'and
damage differently in reference to climate change impacts and responses (Boyd et al., 2017; McNamara and
Jackson, 2019; Roberts and Pelling, 2016; Surminski and Lopez, 2015). These understanding includes-the
following: i) an adaptation and mitigation perspective linking all human-induced climate change impacts to
potential loss and damage and the mandate to avoid dangerous anthropogenic interference; ii) arisk
management perspective emphasising interconnections among disaster risk reduction, climate change
adaptation, and humanitarian efforts; iii) a limits to adaptation perspective focused/on residual loss and
damage beyond adaptation and mitigation; and iv) an existential perspective highlighting/inevitable harm
and unavoidable transformation for some people and systems. This report assesses the growing literature on
loss and damage across sectors and regions linking with.adaptation constraints and.limits, global warming
level and incremental and or transformational adaptation to climate risks (Section 8.3.4, Cross-Chapter Box
LOSS in Chapter 17, Box 10.7).

For assessing the projected losses and damages, residual risks.also need to be taken into account. The loss
and damage associated with the future climate change impacts, beyond the limits to adaptation, is an area of
increasing focus, although yet to be fully developed in terms of methods of assessing including non-
economic losses and damages as well as identifying means to avoid and reduce both economic (loss of asset,
infrastructure, land etc.) and non-economig’(loss of societal beliefs and values, cultural heritage, biodiversity
and ecosystem services) losses‘anddamages (Andrei et-al:, 2015; Fankhauser and Dietz, 2014). There is an
increasing evidence in economic and non-economic:losses due to climate extremes and slow onset events
under observed increases‘in global temperatures (Coronese et al., 2019; Section 8.3.4; Grinsted et al., 2019;
Kahn et al., 2019), however assessing non-economic losses and damages is lacking and needs more attention
(Serdeczny et al., 20165 Tschakert etal., 2019). The aggregate losses and damages would be higher if non-
economic values-are considered in such assessment (Laurila-Pant et al., 2015; McShane, 2017). Solutions to
reduce or avoid loss and damage need a robust conceptual framework and analysis, focusing the future losses
rather thanpast losses (Preston, 2017) and emphasis on avoiding versus addressing loss and damage, and the
role of justice (Boyd et al., 2017), clarity on the detection and attribution (Section 8.2.1, Section 8.3.3),
effectiveness-of risk management and adaptation (Cross-Chapter Box FEASIB in Chapter 18, Section 1.4),
the coneepts of risk transfer,liability and financing (Cross-Chapter Box FINANCE in Chapter 17, Section
17.4.2), and the role of transformation (Section 1.5).

1.5 Facilitating Long-Term Transformation

This report highlights that transformative system change is required to meet sustainable development goals
(Chapter 18). Transformation is defined as “a change in the fundamental attributes of a system including
altered goals or values” (SR 1.5). The related concept of transition is defined as “the process of changing
from one state or condition to another in a given period of time” (IPCC SR 1.5/SRCCL, also see Section
1.5.2).

Many timescales have been assessed that shape the context for any such transformations: including the
present, 2030 and mid-century (Cross-Chapter Box CLIMATE in Chapter 1). In the present, significant
changes in the climate system have already occurred in many places (WGI) while commensurate adaptation
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actions have in general been lacking (Chapter 16). By 2030, the SDGs call for significant societal changes,
many of which would be more difficult to achieve without significant reductions in climate risk and impacts.
By mid-century, global emissions pathways consistent with the Paris Agreement 1.5°C target drop to zero
net greenhouse gas emissions with no overshoot and roughly a decade later with overshoot (Cross-Chapter
Box CLIMATE in Chapter 1). Pathways consistent with the Paris 2°C target drop to zero net emissions in
the latter half of the 21st century. Even in low emission scenarios temperatures, storm intensities, sea levels
and other climate parameters are expected to continuing changing for decades (IPCC, 2021).

The concepts of transition and transformation help organize assessments of near and longer-term adaptation
actions that may prove feasible and effective in achieving societal goals related to climate and sustainable
development.

1.5.1 Understanding Transformation

Over the last two hundred years, human society has undergone a rapid and profound transformations; with
population and income per capita expanding by an order of magnitude or more after many millennia.of
relative stasis in living standards (Dasgupta et al., 2018). The transformations associated with.sustainable
development and managing climate risk may be of similar scale as these historic transformations. In the
past, changes in technologies and economies of this scale are not separate from, but are necessarily
embedded alongside changes in political, religious and social relationships (Polanyi, 1957). Future
transformation may similarly involve such interlinked social, cultural, economic, environmental, technical
and political factors (Chapter 18; Section 1.5.2). Technology-led, market-led or state-led-transitions aimed at
meeting Paris Agreement and SDGs may fail without integrating'dimensions of social justice and addressing
the social and political exclusion that prevent the disadvantaged from accessing such improvements and
increasing their incomes (Burkett et al., 2014; Scoones et al.;2015). (medium.confidence)

As used in the global environmental change literature, transformation-is a pluralistic concept embracing
many interpretations (Box 18.3), but all focus on the general idea of fundamental change in society as
opposed to change that is minor, marginal, or incremental. Uses-of the term can differ with respect to: 1)
how the system undergoing change is conceptualized, 2) the extent to which change is continuous or
discontinuous and the time scales involved, 3) the extent'to which transformation is guided towards desired
goals or emerges without intent and 4) whether the usage focuses on descriptions of societal processes or
includes normative judgements‘as to which outcomes should or should not occur (Feola, 2015). The
literature generally uses transformation as an analytic-descriptive concept, which aims to describe significant
change in couple human-natural systems, or as solutions-oriented concept, which aims to inform or
contribute to societal change.

The IPCC Fifth Assessment cycle; starting with its Special Report on Managing the Risks of Extreme Events
and Disasters to Advance Climate Change Adaptation (SREX), first highlighted the concept of
transformation, drawing primarily on'the solutions-oriented approaches of O’Brien (2011) and Pelling
(2011). This Sixth Assessment report also generally employs transformation as a solutions-oriented concept,
with mention-in almost all'.chapters and significant emphasis in the synthesis chapters.

The IPCC Sixth Assessment cycle also highlights the concept of transition, drawn from the sustainability
transitions literature (Kohler et al., 2019). The 1.5 Special Report organizes its assessments of feasibility and
potential policy actions around transitions in four socio-technical system: energy, land, urban and
infrastructure and industrial system (IPCC, 2018b: Chapter 4). This report adds a fifth system transition -- a
societal transition focused on attributes that drive innovation, the evolution of patterns of consumption and
development and power relationships among societal actors (Section 18.1.4). The AR6 WGIII report is
organized around six systems transitions: energy; agricultural, forestry, other land use; urban; buildings;
transportation; and industry, which includes supply chains and the circular economy.

The literature offers multiple views on the relationships between transition and transformation (Box 18.3).
The 1.5 Special Report suggests that transformation is needed to generate the four system transitions. In
many literatures, transformation is considered a more expansive process than transition, with the former less
exclusively focused on socio-technical systems and more engaged with questions of power, politics,
capabilities, culture, identity and sense-making (Gillard et al., 2016; Holscher et al., 2018; Linnér and
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Wibeck, 2019). This report generally takes this more expansive view of transformation, often to engage with
issues of equity, climate justice and large-scale institutional and societal change (Box 18.3).

This WGII report has a particular focus on transformational adaptation (Section 1.4.4.1), which it views
as laying on a continuum from incremental and transformational with no sharp division between them
(Sections 17.2.2.3, 1.5.2).

The IPCC first highlighted the concept of transformational adaptation in the Special Report on Managing the
Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX). SREX generally
used the phrase transformation to refer to fundamental societal changes that advance climate adaptation,
disaster risk management and sustainable development. Transformation was seen as one part of the solution
space alongside options such as reducing vulnerability and exposure and increasing resilience for managing
risk. WGII of the IPCC Fifth Assessment Report used the phrase transformational adaptation to contrast with
incremental adaptation. That report used the former term to refer to: 1) adaptation at large scope or scale, 2)
as the type of adaptation that occurs once soft limits have been breached, or 3) change that addresses Toot
causes of vulnerability as well as redressing long-standing inequities. The Fifth Assessment Report’s*WGIII
employed the concepts of transformation and transformation pathways to assess the large-scale societal
changes needed to meet greenhouse gas emission reduction goals.

This WGII report focuses on transformational adaptation as one component of climate resilient development
in which adaptation, mitigation and development solutions are pursued together to€xploit synergies and
reduce trade-offs among these actions (Section 1.5.3; Chapter.18). Chapter 16 assesses the extent to which
transformational adaptation is currently being implemented, using criteria including the scope, depth and
speed of the adaptation actions as well as the extent to which limits to adaptation have been considered
(Section 16.3.2.4). Chapter 17 ranks potential adaptation options by where they lie on the incremental to
transformational continuum (Section 17.5.1.1.2).

Societal transformation can arise without explicit intent as, arguably,.did the industrial revolution and some
of the trends re-making today’s society (See Section 1.1). In order to help policy-makers achieve societal
goals this report seeks to identify the conditions for deliberate transformations, that is, those envisioned
and intended by at least some societal actors (Linnér and"Wibeck, 2019).

Figure 1.9 connects several key concepts that this report-employs to help distinguish pathways that lead to
deliberative and forced transformations. As shown in the figure, adaptation goals might imply a desired level
of adaptation: 1) accessible by actions within the solution space of the existing system or 2) beyond the
solution space of the existing system. In the former case, incremental adaptation may stay within soft limits
and hold risks to tolerable levels that'avoid threatening private or social norms (also see Fig 17.6). In the
latter case, deliberate transformational adaptation is necessary to reach the goals. Alternatively, if deliberate
transformation does not successfully occur or hard limits are exceeded, the system may nonetheless undergo
some type-of foreced transformation which results in outcomes inconsistent with societal goals. While the
figure shows single decision points, multiple actors are involved at each stage. Thus, some people may find
themselves coping with what they regard as intolerable risks which are not otherwise avoided. Often such
coping situations display significant inequities, with tolerable risks for powerful groups and intolerable ones
for marginalized groups.
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Figure 1.9: Alternative Pathways to Transformation Adaptation goals may be accessible by actions within-or
beyond the existing solution space. In the former case, incremental adaptation may stay within soft limits and hold risks
to tolerable levels. In the latter case, deliberate transformational adaptation becomes necessary to achieve goals. If a
successful deliberate transformation does not occur, the system may nonetheless undergo a forced-transformation.
Multiple actors are involved at each stage so that some people may nonetheless find themselves coping with what they
regard as intolerable risks.

Multiple narratives describe pathways for pursuing deliberate transformations (Cavanagh and Benjaminsen,
2017). While building on the new “green economy” framing that emerged.with the Rio+20 conference in
2012 (De Mello and Dutz, 2012; OECD, 2012; UNEP, 201 1), these narratives reflect differing trade-offs
among values and differing assumptions about the factors driving system change (see WGIII). The narratives
range from “business-as-usual” scenarios focused on modernisation.of sectors such as energy, agriculture
and use of natural resources to more transformational propositions such as various green new deal proposals
(European Commission, 2019), the new elimate economy (Glebal Commission on the Economy and
Climate, 2018), and “doughnut economics” (Raworth, 2017). Some literature suggests significant benefits
from such new climate economy proposals,claiming tens of trillions in economic benefits, tens of millions
of new jobs and close to a million fewer premature deaths from pollution over the coming decade (Global
Commission on the Economy and Climate, 2018).

Two contrasting schools of thought, called ecomodernism and degrowth (D'Alisa et al., 2014), offer
important bounding narratives for “green economy” approaches that aim achieve the SDGs and Paris
Agreement goals.

Ecomodernism aims to decouple.GHG emissions and other environmental impacts from GDP growth
(Desrochers and Szurmak., 2020)(AR6 WGIII Sect 1.4.1) through three primary strategies: i) ‘green’
technological innovation, ii) resource efficiency or productivity improvements and iii) the sustainable
intensification of land use in both rural and urban areas (Asafu-Adjaye et al., 2015; Isenhour, 2016). Such
efforts to mobilize large-scale investment in climate change adaptation and to decouple GDP growth from
environmental-impacts could generate substantial employment opportunities and open up profitable
investment frontiers (Adelman, 2018; Asafu-Adjaye et al., 2015), which could help achieve SDG 8, which
calls for accelerated annual growth rates of at least 7 percent in least developed countries and achieve SDG
10, which calls for “income growth of the bottom 40 percent of the population at a rate higher than the
national average”.

Degrowth proponents question the feasibility of decoupling at a scale and rate sufficient for meeting Paris
Agreement goals (Gomez-Baggethun, 2020; Hickel and Kallis, 2020; Kallis, 2017; Parrique et al., 2019).
Using precautionary principle-rooted arguments (Latouche, 2001), degrowth aims for the intentional
decreases in both GDP and coupled GHG emissions (Kallis, 2011) using policy mechanisms such a “cap and
share” framework for distributing emissions permits on an annually declining basis with legislation to
prohibit the overshoot of established carbon budgets (Douthwaite, 2012; Kallis et al., 2012). Degrowth thus
seeks to minimize reliance on negative emissions technologies, such as the large-scale deployment of
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BECCS (e.g., illustrative emissions reduction pathway labelled P4 in IPCC SR1.5, also WGIII Chapter 3)
and aims to generate progress toward achieving the SDGs by prioritising redistribution rather than GDP
growth. SDGs potentially addressed by degrowth include universal basic income (SDGs 1 and 10), work-
sharing to guarantee full employment (SDGs 8 and 10) and shifting taxation burdens from income to
resource and energy extraction (SDGs 8 and 12).

The contrasting premises of ecomodernism and degrowth have prompted a series of mutual
counterarguments. Degrowth scholars emphasize that global absolute decoupling is currently not proceeding
fast enough to meet Paris Agreement targets (Haberl et al., 2020; Moreau et al., 2019; Ward et al., 2016).
Ecomodernists point to important progress towards achieving absolute decoupling at the national or regional
scale — as shown by Le Quéré et al. (2019) in 18 developed countries — and the future potential of emerging
technologies and policy reforms (Asafu-Adjaye et al., 2015)

1.5.2 Enabling Transformation

As one important theme, this Sixth Assessment report assesses who needs to take what actions and when iin
order that transformations unfold at sufficient speed and scale to meet Paris, SDG and other policy goals. A
number of literatures inform these assessments.

Various literatures describe multiple, co-evolving societal elements which organize themselves into stable
regimes that, under some circumstance, can undergo significant change. The sustainability.transitions
literature provides one central focus for understanding such processes and potential intervention points for
actors seeking change (Kohler et al., 2019). This literature identifies three, interacting scales: the micro,
meso and macro.(Geels, 2004; Kohler et al., 2019) The micro level reflects changing individual choices,
attitudes and motivations. The meso reflects socio-technical systems, ‘a cluster of elements, including
technology, regulations, user practices and markets; cultural meanings; infrastructure, maintenance networks
and supply networks’ The macro reflects the cultures, institutions; norms; governance and other broad
organising features of society. The sustainability transitions literature generally focuses on change that
originates and occurs within the meso scale, while.the transformation literature focuses on change within and
among all scales. This Working Group I report often considers three interacting scales labelled personal,
practical and political (O’Brien and Sygna, 2013). Werking Group III often employs the multi-level
perspectives framework (Geels, 2004 ) and.the more actor-oriented three domains of decision-making
framework (Grubb et al., 2014;WGIII Section 1:6.4) to-describe related societal scales.

These literatures describe'similar processes through which these interacting elements generate significant
system change. In the sustainability transitions literature the process begins with a stable system of actors,
technologies and institutions (K6hler et al., 2019). Radical innovations begin in niches or protected spaces,
sometimes introduced by.new entrants or outsiders. Successful innovations expand in scale, scope, and
geographically, and ultimatelyhelp‘generate new regimes. Incumbent actors can support or resists
innovations through‘combinations of‘government policies, economic forces and institutional and behavioural
pressures. Such processes.can, but need not, follow a common S-curve pattern of initial adoption, take-off,
acceleration-and stabilisation (Rotmans et al., 2001). The multi-level perspectives literature in WGIII
similarly describes innovations as moving from niches to socio-technical regimes, at first mediated by and
then potentially altering exogenous socio-technical landscapes (Smith et al., 2010; WGIII Section 1.6.4).

The socio-ecological systems literature, a main source of the resilience concept, focuses on the system
elements of society and eco-systems, their interdependence and on how they change in response to shocks
(Section 1.2.1.4). Coupled human and natural systems maintain their vital functions through what are called
adaptive cycles that begin with growth, reach a period of stasis, experience a disruption, and then reorganize.
This repeating cycle can leave the system unchanged or transition it to new states. Human agency can alter
system characteristics so that after any disruption the system will reorganize into a different, more desired
state; guide the reorganisation in desired directions after a system shock (such as a natural disaster); or
provide the shock that catalyses a reorganisation.

These literatures view incremental and transformational change as linked processes. In the transformational
adaptation literature, Park et al. (2012) consider incremental and transformational adaptation as two
concentric and linked action-learning cycles with similar steps that include monitoring and learning. Systems
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generally reside in the incremental cycle but can temporarily jump to the transformational cycle before
returning to the incremental, albeit in a state with fundamentally changed attributes. Shifts from the
incremental to transformational cycle are made possible by knowledge and skills, as well as adjustments to
vision, agendas and coalitions achieved through monitoring and learning. The incremental cycle is
characterized by reactive responses to external drivers and performance evaluation relative to past
performance. Shifts to the transformational cycle are characterized by more pro-active responses and more
expansive problem framings.

The socio-ecological and sustainability transitions literature describes transitions as often non-linear,
characterized by tipping point behaviour with periods of relative stability interspersed with periods of more
rapid change as thresholds are crossed (van Ginkel et al., 2020). Actors seeking transformation may take
incremental steps that aim to induce such tipping point behaviour (Otto et al., 2020b). For instance, full
accounting of climate risk in insurance and financial lending decisions could similarly act as such social
tipping point interventions for adaptation (Hill and Martinez-Diaz, 2019). Transformations need not,
however, be equitable or smooth. Historical examples suggest the potential for rigidity traps, in which
suppression of innovation and a high degree of connectivity in a system delay an eventual transformation
which, when it eventually occurs, unfolds as exceptionally harsh (Hegmon et al., 2008).

Many actors can contribute to launching or blocking significant system change. Pelling et al.(2015)
highlights power relationships within and among activity spheres that influence the process of
transformational adaptation and distribution of risks. In the sustainability transitions literature each set of
actors --including those from academia, politics, industry, civil:ssociety and households --brings their own
resources, capabilities, beliefs, strategies and interests, which affects their interest, objectives, ability to
affect the process and their ability to affect others (Kern.and Rogge, 2018).

There is no consensus in the literature on the best means for actors to pursue deliberate transformation
(Section 1.5.1) and the extent to which actors can guide the process=The transitions and some transformation
literatures derive from a complex systems perspective (Kohler.etal., 2019; Section 1.3.1.2; Linnér and
Wibeck, 2019) in which behaviours can be understood but not predicted (Mitchell, 2009; Chapter 17). These
literatures suggest that interventions in.such systems will rarely result in them evolving along some pre-
determined pathway. Rather, successful interventions:more often resemble iterative processes of action,
observation and response, which are described in the literature with terms such as iterative risk management
(Section 17.2.1), clumsy solutions (Linnér and Wibeck;2019; Thompson and Rayner, 1998), probe and
response (Chapter 17; French, 2013) and what Young (2017) calls adaptive governance.

These literatures view-transformation as a collective action challenge among actors with both common and
differing values, interests and capabilities interacting over time with a mix of cooperation and competition
(Dasgupta et al.;2018; Young, 2017). Concepts such as radical incremental transformation (Gopel, 2016),
direct incrementalism (Grunwald 2007) and progressive incrementalism (Levin et al., 2012) envision
strategies in which.actors pursue incremental actions in one or more niches that move the current system
towards tipping points which, once crossed, will drive the system to a new state (Tabara et al., 2018). The
incremental'actions aim to promote learning, remove barriers to change (Baresi et al., 2020; Dasgupta et al.,
2018), create a series of wins that generate momentum and generate positive feedbacks (e.g. by creating
constituencies) stch that the speed and scale of the climate action grows over time (Levin et al., 2012). But
incremental strategies.can fail to move fast enough; can succumb to path-dependency that locks in initially
helpful but long-adverse responses (such as the well-known levee-effect) (Sadoff 2015; Haasnoot 2019); or
can result in a transition that meets some goals (e.g., environmental) but not others (e.g., equity). (high
confidence)

This report describes decision frameworks and tools that can help those involved in such a process — acting
independently or collectively - identify, evaluate, seek compromise on, and then implement sequences of
solutions that lead to pathways with more desirable outcomes and avoid pathways with less desirable
outcomes (Section 17.3.1). For instance, adaptive (also called adaptation) pathways (Cross-Chapter Boxes
SLR in Chapter 3 and DEEP in Chapter 17) explicitly chart alternative sequences of actions including near-
term steps, indicators to monitor and contingency actions to take if pre-determined monitoring thresholds are
breached. Employed in contexts with multiple actors and contested values, adaptive pathways frames
deliberate transformation as both a near-term decision problem focused on physical, financial and natural
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resources as well as a social change process of co-evolving knowledge, policies, institutions, values, rules
and norms (Fazey et al., 2016). Transition Management (Loorbach, 2010), rooted in the sustainability
transitions literature, supports arenas of actors that co-produce visions of future change, plan pathways and
recruit additional actors into the change process.

As a central feature, such frameworks and tools embrace: 1) multiple objectives and measures (Section
1.4.1.2) to help identify and consider trade-offs among parties with a diversity of interests, values and
objectives and 2) multiple scenarios enable stress-testing of proposed actions to identify conditions in which
they would fail to meet their goals and thus inform consideration of ways to make those actions more robust
and resilient over multiple futures in the near- and longer-term (Chapter 17; Cross-Chapter Box DEEP in
Chapter 17). A focus on single or overly aggregated measures (Section 1.4.1.2) and single scenarios can
privilege some actors’ views over others, reduce transparency, and make it more difficult to identify resilient
and equitable solutions to complex, deeply uncertain, non-linear and contested problems (Jones et al., 2014;
Lempert and Turner, 2020; Renn, 2008; Schoen and and Rein, 1994). (medium confidence)

Nonetheless, most concepts of deliberate transformation also emphasize the importance of common.goals
and principles within a process of goal setting, acting on those goals, monitoring and evaluation and
readjustment. Such goals encourage proactive action; help align the activities'.of multiple, loosely co-
ordinated actors (Dasgupta et al., 2018; Gopel, 2016); and provide benchmarks against which to. measure
progress (Young, 2017). The Paris Agreement and SDGs aim to provide such common goals for the world as
a whole and implement what some have described as goal-based.as opposed to rule-based governance for
galvanising collection action (Kanie and Biermann, 2017; Sachs, 2015).” As intended, many public sector,
private sector and civil society actors have developed their own.goals as that aim to align with the Paris
Agreement and the SDGs (see Section 1.1). The existence of goals that helps people envision a future
significantly different than present can be one often key.difference between-decision processes that pursue
transformational as opposed to incremental change{(Park et al., 2012; Chapter 17). Narratives that help
explain where a community is, where it wants to'go.and how it intends.to get there are an important enabler
of transformation (Section 1.5.1; Section 1.2.3; Fazey et al., 2020; Linnér and Wibeck, 2019).

1.5.3  Climate-Resilient Development

Adaptation and mitigation can reduce climate-related risks. Implementing these two types of climate action
together increases their effectiveness by exploiting synergies and reducing trade-offs among them. In
addition, implementing adaptation and mitigation as,an integral part of development can similarly make all
three more effective (Section 18.2.3). Thedink between climate change and sustainable development has
long been recognized and has been assessed in every Working Group 2 report since AR3. AR5 introduced
the concept of climate resilient development to help assess development trajectories that include co-
ordinated adaptation and mitigation actions aimed at reducing climate risk.

Building on" AR5, this AR6 report.expands the focus with increased attention to equity and the processes
needed to follow such trajectories. AR6 thus defines climate resilient development as “a process of
implementing-greenhouse gas mitigation and adaptation solutions to support sustainable development for
all” (Section 18.1.1)."In AR6 WGII, some chapters have a section dedicated to climate resilient
development, emphasizing the need for integrative and transformative solutions within a sector or region that
address the uneven distribution of climate risks among different groups and geographies, as well as extend
the goals of these solutions to more than reducing risk, such as in improving social, economic and ecological
outcomes (Sections 2.6.7, 4.1, 5.14.4, 6.4.8, 7.4.3.5,7.4.5, 10.6, 11.8, 15.7 and 17.6; Boxes 4.7, 13.3 and
8.10). Multiple chapters also employ the concept of climate resilient development to identify and balance
trade-offs and make progress on achieving the SDGs (Sections 6.1.3, 7.4.5, 10.6, 13.11, 15.7 and 16.6.4.3;
Box 4.7; Chapter 18).

Climate resilient development requires large and equitable changes in human and natural systems. As noted
in Section 1.5.1, the SR1.5 finds that four transitions in socio-economic systems - energy, land and
ecosystems, urban and infrastructure and industrial — must occur at large scale and rapid rate in order to
achieve climate resilient development. This report notes that transitions of such scale, even when beneficial
for many people, can also impose significant adverse impacts on others, in particular on marginal and
vulnerable populations (Section 18.1.2). This report identifies a fifth socio-economic transition, that in
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societal systems that “drive innovation, preferences for alternative patterns of consumption and
development, and the power relationships among different actors that engage in CRD” (Section 18.1.4).
Such societal transitions are necessary to ensure the other four transitions unfold at sufficient speed and scale
to meet Paris and Sustainable Development goals as well as to ensure equity in these transitions.

Introduced in the WGII ARS (Olsson et al., 2014), and further addressed in SR1.5, climate resilient
development pathways are trajectories that strengthen sustainable development and efforts to eradicate
poverty and reduce inequalities, while promoting fair and equitable reductions of GHG emissions, and serve
to steer societies towards low-carbon, prosperous and ecologically safe futures. This report defines a climate
resilient development pathway as a trajectory in time reflecting a particular sequence of actions and
consequences against a background of autonomous developments leading to a specific future situation
(Section 18.1.2). Such a pathway emerges from the spatially and temporally distributed choices of many
different actors in government, business, civic organizations and households at the individual, community,
national and international levels. As such, there exists no single or preferred pathway for climate resilient
development and no single best combination of adaptation, mitigation and sustainable development
strategies. All pathways involve complex trade-offs and synergies among different actions (Sections-18.1.4,
18.2.2). All pathways are subject to hard-to-predict shocks, both adverse, such as climate disasters, and
beneficial, such as new technologies or shifts in public values. The pathway that emerges will represent the
results of negotiation, cooperation and competition among actors at many: scales'whose differing values and
objectives would favour differing trajectories (Section 18.1.4). Individual actors at various scales will
determine the mix of adaptation, mitigation and development appropriate for their. development context and
goals, while also influenced by the desire for their collective actions to become consistent with the global
policy goals such as those in the Paris Agreement and the SDGs«(Section 18.1.2). The norms, institutions
and power relationships that mediate such choices determine the extent to which the process unfolds
consistent with principles of equity and social justice. (high confidence)

Enabling conditions that can accelerate climate resilient development.include governance; finance; economy;
and science, technology and information (Sections 18.4.2, 18.9.2). The pursuit of equity and justice are both
an enabler and an outcome of climate resilient development(Section 18.1.4). Climate resilient development
involves a process of action, learning and response (Section 1.5.2), so the capability for such monitoring and
iterative risk management also represents an important enabling condition (Section 18.1.4.2). Governments
have an important role to play in_expanding the solution space, often focusing on technology, policy and
finance. Expanding the solution space also requires a broader set of actors. Chapter 18 and other chapters in
this report use the climate resilient development congcept to highlight the role of citizens, civil society,
knowledge institutions, media, investors and businesses and the importance of expanding the arenas of
engagement in which they.interact.

1.6  Structure of the Report

The IPCC mandate involves the provisioning of available scientific information and evidence to inform
climate. action’by multiple actors, notably governments (including international alliances) in the context of
UNFCCC. Increasingly, IPCC assessments also aim to provide valuable information to non-governmental
organisations, small and large enterprises and citizens.

Figure 1.10 shows the structure of this report, organized into three sections comprising chapters and cross-
chapter papers. This first chapter provides the point of departure for this assessment, defines key concepts,
and describes the connections among them.

The next group of chapters assess risks, adaptation and sustainability for systems impacted by climate
change from the vantage of seven sectoral chapters, The next group of chapters organizes the assessment
from the vantage of seven regional chapters.

In contrast to previous assessments, the current report embeds adaptation in each regional and sectoral
chapter rather than in separate adaptation chapters, in order to reflect the increasing prevalence of adaptation
and the extent to which many current risk, impacts and vulnerability estimates incorporate adaptation actions
already taken. In addition, cross-chapter papers (CCPs) integrate across chapter topics, sectors and regions
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in particular types of geographies or ecosystems, termed typological regions, such as mountains, cities by the
sea, or tropical forests. CCPs are a new element in WGII ARG included at the request of Governments to
highlight and expand relevant material from chapters and beyond into one place to ensure the integrated
treatment of particular systems or regions and to improve accessibility of the report to readers.

Finally, section three highlights sustainable development pathways of integrating adaptation and mitigation
by three synthesis chapters. The synthesis chapters summarize findings across all the chapters, CCPs and
literatures on key risks, decision making options, and climate resilient development pathways that can lead
from the current situation to a future more consistent with the stated policy goals. This report also assesses
the adaptation options available, the extent to which such options can reduce risk, the effectiveness of
current adaptation efforts, and their interactions with mitigation and sustainable development.

(Ch 1) Point of Departure and Key Concepts

Sector Chapters: Risks, adaptation and sustainability Regional Chapters
for systems impacted by climate change

(Ch 2) Terrestrial and freshwater ecosystems and their (Ch 9) Africa
services (Ch 10) Asia

(Ch 3) Ocean and coastal ecosystems and their services (Ch 11) Australasia

(Ch 4) Water (Ch 12) Central & South America

(Ch 5) Food, fibre, and other ecosystem products {Ch 13) Europe

(Ch 6) Cities, settlements and key infrastructure i\ [Ch 14) North American

(Ch 7) Health, wellbeing and the changing structure of (Ch 15) Small Islands
communities

(Ch 8) Poverty, livelihoods and sustainable development ’

Cross Chapter Papers
(CCP 1) Biodiversity hotspots (CCP 5) Mountains
(CCP 2) Cities & settlements by the sea (CCP 6) Polar regions
(CCP 3) Deserts, semi-arid areas, and desertification (CCP 7) Tropical Forests
(CCP 4) Mediterranean region

Synthesis Chapters: Integrating Adaptation and Mitigation

(Ch 16) Key Risks across sectors and regions
(Ch 17) Decision-making options for managing risk
(Ch 18) Climate resilient development pathways

-~
Figure 1.10: Key elements of the IPCC WGII report

[START FAQ1.1 HERE]
FAQ1.1: What are the goals of climate change adaptation?

The goals of climate change adaptation, as a broad concept, are to reduce risk and vulnerability to climate
change, strengthen resilience, enhance well-being and the capacity to anticipate, and respond successfully to
change. Existing international frameworks provide a high-level direction for coordinating, financing and
assessing progress toward these goals. However, specifying the goals for specific adaptation actions is not
straightforward because the impacts of climate change affect people and nature in many different ways
requiring different adaptation actions. Thereby, goals that accompany these actions are diverse. Goals can
relate to health, water or food security, jobs and employment, poverty eradication and social equity,
biodiversity and ecosystem services at international, national, and local levels.

Do Not Cite, Quote or Distribute 1-72 Total pages: 102



O 0 N AN W AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Climate change adaptation entails the process of adjustment to actual or expected climate change and its
effects in order to moderate harm or exploit beneficial opportunities. At a high level, international
frameworks, including the Paris Agreement and the Sustainable Development Goals (SDGs), have come to
provide a direction for coordinating, financing and assessing global progress in these terms. The Paris
Agreement calls for climate change adaptation actions, referring to these actions as those that reduce risk and
vulnerability, strengthen resilience, enhance the capacity to anticipate and respond successfully, and ensure
the availability of necessary financial resources, as these processes and outcomes relate to climate change. In
addition, the Sustainable Development Goals include 17 targets (with a specific goal SDG 13 on climate
action) to fulfil its mission to end extreme poverty by 2030, protect the planet, and build more peaceful, just,
and inclusive societies. These goals are difficult to reach without successful adaptation to climate change.
Other notable frameworks that identify climate change adaptation as important global priorities include the
Sendai Framework for Disaster Risk Reduction, the finance-oriented Addis Ababa Action Agenda and the
New Urban Agenda.

While vital for international finance, coordination and assessment, the global goals set forth by these
frameworks and conventions do not necessarily provide sufficient guidance to plan, implement or evaluate
specific adaptation efforts at the community level. Specifying goals of adaptation is harder than setting-goals
for reducing emissions of climate-warming greenhouse gas emissions. For instance, emission-reduction
effort is ultimately measured by the total amount of greenhouse gases in the Earth’s atmosphere. Instead,
adaptation aims to reduce risk and vulnerability from climate change and helps to enhance well-being in
each individual community worldwide.

Because the impacts of climate change affect people and nature-in'so many different ways, the specific goals
of adaptation depend on the impact being managed and the action‘being taken.. For human systems,
adaptation includes actions aimed at reducing a specific.risk; such as by hardening a building against
flooding, or actions aimed at multiple risks, such as'requiring climate risk assessments in financial reporting
in anticipation of different kinds of risk. At the localdevel, communities can take actions that include
updating building codes and land use plans, improving soil management, enhancing water use efficiency,
supporting migrants and taking measures for poverty reduction..Fornatural systems, adaptation includes
organisms changing behaviours, migrating'to new locations and genetic modifications in response to
changing climate conditions. The goals.for these adaptation actions can relate to health, water or food
security, jobs and employment, poverty eradication and social equity, biodiversity and ecosystem services,
among others. Articulating the goals of adaptation thus'requires engaging with the concepts of equity,
justice, and effectiveness at the international, national, and local levels.

[END FAQI.1 HERE]

[START FAQI1.2 HERE]
FAQ1.2:Is climate change adaptation urgent?

Climatedimpacts, such.as stronger heat waves, longer droughts, more frequent floods, accelerating sea- level
rise, and storm surges, are already being observed in some regions, and people around the world are
increasingly perceiving changing climates, regarding these changes as significant and considering climate
action as a matter of high urgency. Reducing climate risk to levels that avoid threatening private or social
norms and ensuring sustainable development will require immediate and long-term adaptation efforts by
governments, business, civil society, and individuals at a scale and speed significantly faster than the current
trends.

Current observed climate impacts and expected future risks include stronger and longer heat waves,
unprecedented droughts and floods, accelerating sea-level rise and storm surges affecting many geographies
and communities. People around the world are increasingly perceiving changing climates, regarding these
changes as significant and considering climate action as a matter of high urgency. Particularly, marginalised
and poor people as well as island and coastal community experience relatively higher risks and vulnerability.
The available evidence suggests that current adaptation efforts may be insufficient to help ensure sustainable
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development and other societal goals in many communities worldwide even under the most optimistic
greenhouse gas emissions scenarios.

Climate change adaptation is, therefore, urgent to the extent that meeting important societal goals requires
immediate and long-term action by governments, business, civil society, and individuals at a scale and speed
significantly faster than that represented by current trends.

[END FAQI.2 HERE]

[START FAQI1.3 HERE]
FAQ1.3: What constitutes successful adaptation to climate change?

Success of climate change adaptation is dependent on the extent to which relevant actions reduce risk and
vulnerability, as well as achieve their respective goals. At a global scale, these goals are set andtracked
according to international frameworks and conventions. At smaller scales, such as local and national;-goals
are dependent on the specific impacts being managed, the actions being taken, and the relevant scale. While
success can take shape as uniquely as goals can, the degree to which an adaptation is feasible, effective,
and conforms to principles of justice represents important attributes for measuring success across actions.
Adaptation responses that lead to increased risk and impacts are considered maladaptation:

Altogether, adaptation success is dependent on the extent to whichadaptation actions achieve their
respective goals of reducing climate risk, increasing resilience,.and pursuing other climate-related societal
goals. Viewed globally, successful adaptation consists of actions anticipated.to make significant
contributions to meeting sustainable development goal.such as ending.extreme poverty, hunger, and
discrimination and reduce risks to ecosystems, water, food systems;-human settlements, and health and well-
being. Viewed locally, successful adaptation consists of actions thathelp communities meet their diverse
goals including reducing anticipated current and future risks, enhancing capacity to adapt and transform,
avoiding maladaptation, yielding benefits greater than costs, serving vulnerable populations, and arising
from an inclusive, evidence-based, and .equitable decision process.

While success can be unique to'an adaptation action, there are important attributes that constitute it as a
successful solution. These include the extent to which an action is considered feasible, effective, and
conforms to principles of justice.

The degree to which ansaction is feasible is the extent it is appraised as possible and desirable, taking into
consideration barriers, enablers, synergies, and trade-offs. These considerations are based on financial or
economic, political, physical, historical, and social factors, depending on what is required for an action to be
implemented: The degree to which an'action is effective depends on the extent it reduces climate risk, as
well as the extent an action achieves its intended goals or outcomes. An adaptation action can sometimes —
usually.inadvertently < increase risk or vulnerability for some or all affected individuals or communities. In
some cases, such riskiincreases will be sufficient to call the actions maladaptation. The degree to which an
action is just is when its outcomes, the process of implementing the action, and the process of choosing the
action respects principles of distributive, procedural, and recognitional justice. Distributive justice refers to
the different distributions of benefits and burdens of an action across members of society; procedural justice
refers to ensuring the opportunity for fairness, transparency, inclusion, and impartiality in the decision-
making of an action; and recognitional justice insists on recognizing and including those who are or may be
most affected by an action.

These attributes of adaptation success can be assessed throughout the adaptation process of planning,
implementation, monitoring and evaluation, adjustment, and learning. However, at the same time, the
success of many adaptation actions depend strongly on context and time. For instance, the effectiveness of
adaptation will depend on the success of greenhouse gas mitigation efforts, as adaptation has strong
synergies and trade-offs with mitigation efforts

[END FAQI.3 HERE]
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[START FAQI1.4 HERE]
FAQ1.4: What is transformational adaptation?

Continuing and expanding current adaptation efforts can reduce some climate risks. But even with emission
reductions sufficient to meet the Paris Agreement goals, transformational adaptation will be necessary.

Over six assessment reports, the IPCC has documented transformative changes in the Earth’s climate and
ecosystems caused by human actions. These changes are now unequivocal and projected to become even
more significant in the years and decades ahead. This AR6 report also highlights climate adaptation actions
people are taking and can take in response to these significant changes in the climate system.

Some adaptation is incremental, which only modifies existing systems. Other actions are transformational,
leading to changes in the fundamental characteristics of a system. For instance, building a seawall to-protect
a coastal community from flooding might exemplify incremental adaptation. Changing land use regulations
in that community and establishing a program of managed retreat might exemplify transformational
adaptation. There exists no bright line between incremental and transformational adaptation. Some
incremental actions stay incremental. Others may expand the future'space of solutions. For instance,
including climate risk in mortgages and insurance might at first seem incremental but mightlead to more
transformational change over time.

Transformation can be deliberate, envisioned and intended by at least some societal actors, or forced, arising
without explicit intent.

Deliberate transformational adaptation is not without risks because change can disturb existing power
relationships and can unfold in difficult to predict and unintended ways. But transformational adaptation is
important to consider because it may be needed to.avoid intolerable risks from climate change and may be
needed to help meet development goals-as articulated in the SDGs. In addition, some type of societal
transformation may be inevitable and deliberate ratherthan forced transformation may bring society closer to
its goals.

Some type of transformation may be inevitable because the amount of transformational adaptation needed to
avoid intolerable risks depends in part on the level of greenhouse gas mitigation. Low concentration
pathways consistent with Paris Agreement goals require deliberate transformations that lead to significant
and rapid change in'energy, land, urban and infrastructure, and industrial systems. Even with low
concentration pathways, some transformational adaptation will be necessary to limit intolerable risks. But
with higher concentrations pathways, more extensive transformational adaptation would be required to limit
(though net'entirely-avoid) intolerable risks. In such circumstance, insufficient deliberate transformation
could lead to undesirable.forced transformations.

[END FAQ!.4 HERE]

[START FAQI5 HERE]

FAQ1.5: What is new in this 6th IPCC report on impacts, adaptation and vulnerability?

Since IPCC Fifth Assessment Report, many new sources of knowledge have been employed to provide better
understanding of climate change risks, impacts, vulnerability, and also societal responses through
adaptation, mitigation and sustainable development. This new, more integrative assessment increasing
focuses on risk and solutions, social justice, different forms of knowledge including Indigenous knowledge
and local knowledge, role of transformation and the urgency of fast climate actions.

The IPCC Sixth Assessment Report (AR6) plays a prominent role in science-policy—society interactions on
the climate issue since 1988, has advanced in important ways of interdisciplinary climate change assessment
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since AR5. Many new sources of knowledge have been employed to provide better understanding of climate
change risks, impacts, vulnerability, and also societal responses through adaptation, mitigation and
sustainable development.

This AR6 assessment has increasingly focus on risk and solutions. The risk framing for the first time spans
all three working groups, includes risks from the responses to climate change, considers dynamic and
cascading consequences, describes with more geographic detail risks to people and ecosystems, and assesses
such risks over a range of scenarios. The solutions framing encompasses the interconnections among climate
responses, sustainable development, and transformation—and the implications for governance across scales
within the public and private sectors. The assessment therefore includes climate-related decision-making and
risk management, climate-resilient development pathways, implementation and evaluation of adaptation, and
also limits to adaptation and loss and damage.

The AR6 emphases the emergent issue on social justice and different forms of knowledge. As climate
change impacts and implemented responses increasingly occur, there is heightened awareness of the'ways
that climate responses interact with issues of justice and social progress. In this report, there is expanded
attention to inequity in climate vulnerability and responses, the role of power and participation’in processes
of implementation, unequal and differential impacts, and climate justice. The historic focus ‘on scientific
literature has also been increasingly accompanied by attention to and incorporation of Indigenous
knowledge, local knowledge, and associated scholars.

The ARG has a more extensive focus on the role of transformation and the urgency of fast climate actions in
meeting societal goals. This report assesses extensive literatures'with an increasing diversity of topics and
geographical areas with more sectoral and regional details. The literature alsoiincreasingly evaluates the
lived experiences of climate change—the physical changes underway, the impacts for people and
ecosystems, the perceptions of the risks, and adaptation and mitigation responses planned and implemented.

The assessment in AR6 has increasingly become integrative across multiple disciplines and combine experts
across working groups, chapters, papers and disciplines, such as natural and social sciences, medical and
health sciences, engineering, humanities, law, and business administration etc. The emphasis on knowledge
for action has also included the role of public communication, stories, and narratives within assessment and
associated outreach.

[END FAQI.5 HERE]

Do Not Cite, Quote or Distribute 1-76 Total pages: 102



O 0 N N R W N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

References

Abrahamson, V., Wolf, J., Lorenzoni, 1., Fenn, B., Kovats, S., Wilkinson, P., Adger, W.N. and Raine, R., 2009.
Perceptions of heatwave risks to health: interview-based study of older people in London and Norwich, UK. J.
Public Health, 31: 119-126.

Abreu, R.C., Hoffmann, W.A., Vasconcelos, H.L., Pilon, N.A., Rossatto, D.R. and Durigan, G., 2017. The biodiversity
cost of carbon sequestration in tropical savanna. Science advances, 3(8): e1701284.

Adelman, S., 2018. The sustainable development goals, anthropocentrism and neoliberalism, Sustainable Development
Goals. Edward Elgar Publishing.

Adger, N., W.,, Arnell, N.-W. and and Tompkins, E.L., 2005. Successful adaptation to climate change across scales.
Global Environmental Change, 15(2): 77-86.

Adger, W.N., 2010. Climate Change, Human Well-Being and Insecurity. New Political Economy, 15(2): 275-292.

Adger, W.N., 2016. Place, well-being, and fairness shape priorities for adaptation to climate change. Global
Environmental Change, 38: A1-A3.

Adger, W.N., Barnett, J., Brown, K., Marshall, N. and O'brien, K., 2013. Cultural dimensions of climate change
impacts and adaptation. Nature climate change, 3(2): 112-117.

Adger, W.N., Benjaminsen, T.A., Brown, K. and Svarstad, H., 2001. Advancing a political ecology of global
environmental discourses. Development and change, 32(4): 681-715.

Adger, W.N., Brown, 1. and Surminski, S., 2018. Advances in risk assessment for climate change adaptation policy.
Philosophical Transactions of the Royal Society a-Mathematical Physical and Engineering Sciences, 376(2121).

Adler, M., 2012. Well-Being and Fair Distribution: Beyond Cost-Benefit Analysis. Oxford Uniyersity.Press.

Adler, M.D., Anthoff, D., Bosetti, V., Garner, G., Keller, K. and Treich, N, 2016. Priority for the. Worse Off and the
Social Cost of Carbon.

Agrawal, A. and Lemos, M.C., 2015. Adaptive development. Nature.Climate Change, 5(3):'185.

Aldunce, P., Beilin, R., Howden, M. and Handmer, J., 2015. Resilience-for disaster risk management in a changing
climate: Practitioners' frames and practices. Global Envirenmental Change-Human and Policy Dimensions, 30: 1-
11.

Allen, C.R. and Holling, C., 2010. Novelty, adaptive capacity, and resilience.

Allen, M., Dube, O.P., Solecki, W., Aragén—Durand, F., Cramer, W., Humphreys, S., Kainuma, M., Kala, J.,
Mahowald, N., Mulugetta, Y., Perez, R., Wairiu, M. and Zickfeld, K., 2018 Framing and Context. In: Global
warming of 1.5°C. An IPCC Special Reportion the impacts of global warming of 1.5°C above pre-industrial levels
and related global greenhouse gas emission pathways, in the context of strengthening the global response to the
threat of climate change, sustainable development, and efforts to eradicate poverty.

Altieri, M.A. and Nicholls, C.1., 2017. Theadaptation and mitigation potential of traditional agriculture in a changing
climate. Climatic Change, 140(1): 33-45.

Anderegg, W.R., Callaway, E.S., Boykoff, M.T., Yohe, G. and-Root, T.L., 2014. Awareness of Both Type 1 and 2
Errors in Climate Scienceand Assessment. Bulletin of the American Meteorological Society, 95(9): 1445-1451.

Anderson, D.G., Bissett, T.G:;'Yerka; S.J., Wells, J.J., Kansa, E.C., Kansa, S.W., Myers, K.N., DeMuth, R.C. and
White, D.A., 2017. Sea-level rise and archaeological site destruction: An example from the southeastern United
States using DINAA (Digital Index of North ' American Archaeology). PloS one, 12(11): e0188142-e0188142.

Andrei, S., Rabbani, G., Khan, H., Haque, M. and Ali, D., 2015. Non-economic loss and damage caused by climatic
stressors inselected coastal districts.of Bangladesh. Report for the Asian Development Bank.

Andrijevic, M., Crespo Cuaresma, J., Muttarak, R. and Schleussner, C.-F., 2020. Governance in socioeconomic
pathways and:its role for future adaptive capacity. Nature Sustainability, 3(1): 35-41.

Anguelovski, L., Shi, L., Chu, E., Gallagher, D., Goh, K., Lamb, Z., Reeve, K. and Teicher, H., 2016. Equity impacts of
urban land‘use planning for climate adaptation: Critical perspectives from the global north and south. Journal of
Planning Education and Research, 36(3): 333-348.

Archer, D., Almansi, F., DiGregorio, M., Roberts, D., Sharma, D. and Syam, D., 2014. Moving towards inclusive urban
adaptation:-approaches to integrating community-based adaptation to climate change at city and national scale.
Climate and-Development, 6(4): 345-356.

Arneth, A., Shin, Y.<J., Leadley, P., Rondinini, C., Bukvareva, E., Kolb, M., Midgley, G.F., Oberdorff, T., Palomo, 1.
and Saito, O., 2020. Post-2020 biodiversity targets need to embrace climate change. Proceedings of the National
Academy of Sciences, 117(49): 30882-30891.

Asafu-Adjaye, J., Blomquist, L., Brand, S., Brook, B.W., DeFries, R., Ellis, E., Foreman, C., Keith, D., Lewis, M. and
Lynas, M., 2015. An ecomodernist manifesto.

Atteridge, A. and Remling, E., 2017. Is adaptation reducing vulnerability or redistributing it? WIREs Climate Change,
9(1).

Aven, T., 2016. Risk assessment and risk management: Review of recent advances on their foundation. European
Journal of Operational Research, 253(1): 1-13.

Banerjee, A., Fyfe, J.C., Polvani, L.M., Waugh, D. and Chang, K.-L., 2020. A pause in Southern Hemisphere
circulation trends due to the Montreal Protocol. Nature, 579(7800): 544-548.

Banerjee, S.B., 2003. Who sustains whose development? Sustainable development and the reinvention of nature.
Organization studies, 24(1): 143-180.

Do Not Cite, Quote or Distribute 1-77 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Baresi, U., Vella, K.J. and Sipe, N.G., 2020. A limits-oriented adaptive approach for strategic environmental
assessment. Environmental Science & Policy, 114: 128-139.

Barnes, D.K., Kuklinski, P., Jackson, J.A., Keel, G.W., Morley, S.A. and Winston, J.E., 2011. Scott's collections help
reveal accelerating marine life growth in Antarctica. Curr Biol, 21(4): R147-8.

Barnett, J., Evans, L.S., Gross, C., Kiem, A.S., Kingsford, R.T., Palutikof, J.P., Pickering, C.M. and Smithers, S.G.,
2015. From barriers to limits to climate change adaptation: path dependency and the speed of change. Ecology
and Society, 20(3).

Barnosky, A.D., Hadly, E.A., Gonzalez, P., Head, J., Polly, P.D., Lawing, A.M., Eronen, J.T., Ackerly, D.D., Alex, K.,
Biber, E., Blois, J., Brashares, J., Ceballos, G., Davis, E., Dietl, G.P., Dirzo, R., Doremus, H., Fortelius, M.,
Greene, H.W., Hellmann, J., Hickler, T., Jackson, S.T., Kemp, M., Koch, P.L., Kremen, C., Lindsey, E.L., Looy,
C., Marshall, C.R., Mendenhall, C., Mulch, A., Mychajliw, A.M., Nowak, C., Ramakrishnan, U., Schnitzler, J.,
Das Shrestha, K., Solari, K., Stegner, L., Stegner, M.A., Stenseth, N.C., Wake, M.H. and Zhang, Z., 2017.
Merging paleobiology with conservation biology to guide the future of terrestrial ecosystems. Science, 355(6325).

Barragan, J.M. and de Andrés, M., 2015. Analysis and trends of the world's coastal cities and agglomerations. Ocean &
Coastal Management, 114: 11-20.

Bawaka Country, Wright, S., Suchet-Pearson, S., Lloyd, K., Burarrwanga, L., Ganambarr, R., Ganambarr-Stubbs, M.,
Ganambearr, B., Maymuru, D. and Sweeney, J., 2015. Co-becoming Bawaka. Progress in Human Geography;
40(4): 455-475.

Bayleyegn, D., Ericksen, P. and Solomon, D., 2018. Climate Resilient Green Economy Strategy.

Beck, S. and Mahony, M., 2018. The IPCC and the new map of science and politics. Wiley Interdisciplinary Reviews:
Climate Change, 9(6): e547.

Begum, R.A., Sarkar, M.S.K., Jaafar, A.H. and and Pereira, J.J., 2014. Toward Conceptual Framework for Linking
Disaster Risk Reduction and Climate Change Adaptation. International Journal of Disaster Risk'Reduction, 10:
362-373.

Béné, C., Evans, L., Mills, D., Ovie, S., Raji, A., Tafida, A., Kodio, A.,Sinaba, F., Morand, P..and Lemoalle, J., 2011.
Testing resilience thinking in a poverty context: experience from the Niger River basin. Global Environmental
Change, 21(4): 1173-1184.

Benjaminsen, T.A., H. Svarstad and I. Shaw of Tordarroch, 2021. Recognising recognition in climate justice Ids
Bulletin-Institute of Development Studies, 52.

Benton, M.J., 2018. Hyperthermal-driven mass extinctions: killing models during the Permian—Triassic mass extinction.
Philosophical Transactions of the Royal Society A, 376(2130):20170076.

Benzie, M., Adams, K.M., Roberts, E., Magnan, A.K.;"Persson, A., Nadin, R., Klein, J.T., Harris, K., Trever, S. and and
Kirbyshire, A., 2018. Meeting the global challenge of adaptation by addressing transboundary climate risk.

Benzie, M. and Persson, A., 2019. Governing borderless climate risks: moving beyond the territorial framing of
adaptation. International Environmental:Agreements: Politics, Law and Economics, 19(4-5): 369-393.

Bergstrand, K., Mayer, B., Brumback, B. and Zhang, Y., 2015. Assessing the Relationship Between Social
Vulnerability and Community Resilience to Hazards. Social Indicators Research, 122(2): 391-409.

Berrang-Ford, L., 2020. Mapping evidence of human adaptation to climate change. Nature Climate Change.

Berrang-Ford, L., Biesbroek, R., Ford, J.D., Eesnikowski, A., Tanabe, A., Wang, F.M., Chen, C., Hsu, A., Hellmann,
J.J. and Pringle, P., 2019. Tracking global climate change adaptation among governments. Nature Climate
Change, 9(6): 440,

Berrang-Ford, L.;Ford, J.D: and Paterson; J., 2011. Are we adapting to climate change? Global environmental change,
21(1): 25-33.

Berrang-Ford, L., Pearce, T. and Ford, J.D., 2015. Systematic review approaches for climate change adaptation
research. Regional Environmental Change, 15(5): 755-769.

Berry; H.L.; Bowen, K. and Kjellstrom, T., 2010. Climate change and mental health: a causal pathways framework.
International Journal of Public Health, 55(2): 123-132.

Betti, L., Beyer, RM., Jones, E.R., Eriksson, A., Tassi, F., Siska, V., Leonardi, M., Maisano Delser, P., Bentley, L.K.,
Nigst, P.Rs:Stock, J.T., Pinhasi, R. and Manica, A., 2020. Climate shaped how Neolithic farmers and European
hunter-gatherers interacted after a major slowdown from 6,100 bce to 4,500 bce. Nature Human Behaviour, 4(10):
1004-1010.

Bezner Kerr, R., Kangmennaang, J., Dakishoni, L., Nyantakyi-Frimpong, H., Lupafya, E., Shumba, L., Msachi, R.,
Boateng, G.O., Snapp, S.S., Chitaya, A., Maona, E., Gondwe, T., Nkhonjera, P. and Luginaah, 1., 2019.
Participatory agroecological research on climate change adaptation improves smallholder farmer household food
security and dietary diversity in Malawi. Agriculture, Ecosystems & Environment, 279: 109-121.

Biesbroek, G.R., Klostermann, J.E.M., Termeer, C.J.A.M. and Kabat, P., 2013. On the nature of barriers to climate
change adaptation. Regional Environmental Change, 13(5): 1119-1129.

Biesbroek, R., Berrang-Ford, L., Ford, J.D., Tanabe, A., Austin, S.E. and Lesnikowski, A., 2018. Data, concepts and
methods for large- n comparative climate change adaptation policy research: A systematic literature review.
WIREs Climate Change, 9(6).

Biesbroek, R. and Delaney, A., 2020. Mapping the evidence of climate change adaptation policy instruments in Europe.
Environmental Research Letters, 15(8): 083005.

Do Not Cite, Quote or Distribute 1-78 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Bindoff, N.L. and et al., 2014. Detection and Attribution of Climate Change: from Global to Regional. In: C.
Intergovernmental Panel on Climate (Editor), Climate Change 2013 — The Physical Science Basis: Working
Group I Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, pp. 867-952.

Bizikova, L., Parry, J.-E., Karami, J. and Echeverria, D., 2015. Review of key initiatives and approaches to adaptation
planning at the national level in semi-arid areas. Regional Environmental Change, 15(5): 837-850.

Boé, J., Terray, L., Moine, M.-P., Valcke, S., Bellucci, A., Drijthout, S., Haarsma, R., Lohmann, K., Putrasahan, D.A.,
Roberts, C., Roberts, M., Scoccimarro, E., Seddon, J., Senan, R. and Wyser, K., 2020. Past long-term summer
warming over western Europe in new generation climate models: role of large-scale atmospheric circulation.
Environmental Research Letters, 15(8): 084038.

Boeckmann, M. and Zeeb, H., 2016. Justice and Equity Implications of Climate Change Adaptation: A Theoretical
Evaluation Framework. Healthcare (Basel, Switzerland), 4(3): 65.

Bond, D.P.G. and Grasby, S.E., 2017. On the causes of mass extinctions. Palacogeography, Palaeoclimatology,
Palaeoecology, 478: 3-29.

Boonstra, W.J., 2016. Conceptualizing power to study social-ecological interactions. Ecology and Society, 21(1).

Booth, B.B.B., Harris, G.R., Murphy, J.M., House, J.1., Jones, C.D., Sexton, D. and Sitch, S., 2017. Narrowing the
Range of Future Climate Projections Using Historical Observations of Atmospheric CO2. Journal of Climate;
30(8): 3039-3053.

Boyd, E., James, R.A., Jones, R.G., Young, H.R. and Otto, F.E.L., 2017. A typology of loss and damage perspectives.
Nature Climate Change, 7(10): 723-+.

Bremer, S., Wardekker, A., Dessai, S., Sobolowski, S., Slaattelid, R. and van der Sluijs, J., 2019+ Toward a multi-
faceted conception of co-production of climate services. Climate Seryices, 13:42-50.

Brovkin, V., Brook, E., Williams, J.W., Bathiany, S., Lenton, T.M., Barton, M., DeConto, R.M., Donges, J.F.,
Ganopolski, A., McManus, J., Praetorius, S., de Vernal, A., Abe-Ouchi, A", Cheng, H.; Claussen, M., Crucifix,
M., Gallopin, G., Iglesias, V., Kaufman, D.S., Kleinen, T., Lambert, F.; van der Leeuw, S:, Liddy, H., Loutre, M.-
F., McGee, D., Rehfeld, K., Rhodes, R., Seddon, A.W.R., Trauth, M.H., Vanderveken, L. and Yu, Z., 2021. Past
abrupt changes, tipping points and cascading impacts in the Earth system./Nature Geoscience, 14(8): 550-558.

Brown, K., 2014. Global environmental change I: A social turn for resilience? Progress in human geography, 38(1):
107-117.

Brysse, K., Oreskes, N., O’Reilly, J. and Oppenheimer, M., 2013. Climate change prediction: Erring on the side of least
drama? Global Environmental Change, 23(1): 327-337.

Biintgen, U., Tegel, W., Nicolussi, K., McCormick, M3; Frank, D¢, Trouet, V., Kaplan, J.O., Herzig, F., Heussner, K.-
U., Wanner, H., Luterbacher, J. and Esper;J., 2011. 2500 Years of European Climate Variability and Human
Susceptibility. Science, 331(6017); 578-582.

Burke, A., Peros, M.C., Wren, C.D., Pausata, F:S.R., Riel-Salvatore, J., Moine, O., de Vernal, A., Kageyama, M. and
Boisard, S., 2021. The archaeology of e¢limate change: The case for cultural diversity. Proceedings of the National
Academy of Sciences, 118(30): 2108537118

Burkett, V.R., Suarez, A.G.,Bindi, M., Conde, C., Mukerji, R., Prather, M.J., Clair, A.L.S. and Yohe, G.W., 2014.
Point of departure. In: C.B. Field, V.R.Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M.
Chatterjee, K.L. Ebi, Y.O. Estrada, R:€C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R.
Mastrandrea and L.L.. White (Editors), Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A:
Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the
Intergovernmental Panel of Climate Change. Cambridge University Press, Cambridge, United Kingdom and New
York,NY, USA; pp. 169-194.

Burton, 1., Dube, O.P., Campbell-Lendrum, D., Davis, 1., Klein, R.J.T., Linnerooth-Bayer, J., Sanghi, A. and Toth, F.,
2012. Managing the Risks: International Level and Integration across Scales. In: C.B. Field, V. Barros, T.F.
Stocker; D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.K. Plattner, S.K. Allen, M. Tignor and
P.M. Midgley (Editors), Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation=-A Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change
(IPCC). Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 393-435.

Butler, E.E., Mueller, N.D. and Huybers, P., 2018. Peculiarly pleasant weather for US maize. Proceedings of the
National Academy of Sciences, 115(47): 11935-11940.

Byskov, M.F., Hyams, K., Satyal, P., Anguelovski, 1., Benjamin, L., Blackburn, S., Borie, M., Caney, S., Chu, E.,
Edwards, G., Fourie, K., Fraser, A., Heyward, C., Jeans, H., McQuistan, C., Paavola, J., Page, E., Pelling, M.,
Priest, S., Swiderska, K., Tarazona, M., Thornton, T., Twigg, J. and Venn, A., 2021. An agenda for ethics and
justice in adaptation to climate change. Climate and Development, 13(1): 1-9.

Callaghan, M., Schleussner, C.-F., Nath, S., Lejeune, Q., Knutson, T.R., Reichstein, M., Hansen, G., Theokritoff, E.,
Andrijevic, M. and Brecha, R.J., 2021. Machine learning-based evidence and attribution mapping of 100,000
climate impact studies. Nature Climate Change.

Calliari, E., Staccione, A. and Mysiak, J., 2019. An assessment framework for climate-proof nature-based solutions.
Science of the Total Environment, 656: 691-700.

Do Not Cite, Quote or Distribute 1-79 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Calosi, P., Putnam, H.M., Twitchett, R.J. and Vermandele, F., 2019. Marine metazoan modern mass extinction:
Improving predictions by integrating fossil, modern, and physiological data. Annual Review of Marine Science,
11: 369-390.

Campbell, B.M.S. and Ludlow, F., 2020. Climate, disease and society in late-medieval Ireland. Proceedings of the
Royal Irish Academy: Archaeology, Culture, History, Literature, 120C: 159-252.

Caney, S., 2014. Two kinds of climate justice: avoiding harm and sharing burdens. Journal of Political Philosophy,
22(2): 125-149.

Cantin, N.E., Cohen, A.L., Karnauskas, K.B., Tarrant, A.M. and McCorkle, D.C., 2010. Ocean warming slows coral
growth in the central Red Sea. Science, 329(5989): 322-325.

Capela Lourenco, T., Cruz, M.J., Dzebo, A., Carlsen, H., Dunn, M., Juhasz-Horvath, L. and Pinter, L., 2019. Are
European decision-makers preparing for high-end climate change? Regional Environmental Change, 19(3): 629-
642.

Cardona, O.D., van Aalst, M.K., Birkmann, J., Fordham, M., McGregor, G., Perez, R., Pulwarty, R.S., Schipper, E.L.F.
and Sinh, B.T., 2012. Determinants of Risk: Exposure and Vulnerability. In: C.B. Field, V.R. Barros, T.F.
Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.K. Plattner, S.K. Allen, M. Tignor and
P.M. Midgley (Editors), Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change
(IPCC). Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 65-108.

Carolin, S.A., Walker, R.T., Day, C.C., Ersek, V., Sloan, R.A., Dee, M.W., Talebian, M. and Henderson, G.M., 2019.
Precise timing of abrupt increase in dust activity in the Middle East coincident with 4.2 ka social change.
Proceedings of the National Academy of Sciences, 116(1): 67-72.

Carotenuto, F., Di Febbraro, M., Melchionna, M., Mondanaro, A., Castiglione, S, Serio, C., Rook, L., Loy, A., Lima-
Ribeiro, M.S., Diniz-Filho, J.A.F. and Raia, P., 2018. The well-behaved killer: Late Pleistocene’humans in
Eurasia were significantly associated with living megafauna only. Palacogeography, Palacoclimatology,
Palaeoecology, 500: 24-32.

Carr, E.R., 2019. Properties and projects: Reconciling resilience.and transformation for adaptation and development.
World Development, 122: 70-84.

Carr, E.R. and Thompson, M.C., 2014. Gender and climate change adaptation in agrarian settings: Current thinking,
new directions, and research frontiers. Geography Compass; 8(3): 182-197.

Cavanagh, C.J. and Benjaminsen, T.A., 2017. Political ecology, variegated green economies, and the foreclosure of
alternative sustainabilities. Journal of Political Ecology, 24: 200-216.

CBD, 2011. Strategic plan for biodiversity 2011-2020;including/Aichi Biodiversity Targets. The Convention on
Biological Diversity Nagoya, Japan.

Chambwera, M., Heal, G., Dubeux, C., Hallegatte, S., Leclerc; L., Markandya, A., McCarl, B.A., Mechler, R. and
Neumann, J.E., 2014. Economies of.adaptation. In: C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D.
Mastrandrea, T.E. Bilir, M. Chatterjee,K.L. Ebi; Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S.
MacCracken, P.R. Mastrandrea and.L.L. White (Editors), Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Glebal and Sectoral‘Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel of Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA,pp. 945-977.

Chase-Dunn, C. and ‘Almeida, P., 2020. Global:Struggles and Social Change: From Prehistory to World Revolution in
the Twenty-First Century. Johns Hopkins University Press.

Chatterton, P., Featherstone, D. and Routledge, P., 2013. Articulating climate justice in Copenhagen: Antagonism, the
commons, and solidarity. Antipode; 45(3): 602-620.

Chen, C., Doherty, M., Coffee, J., Wong, T. and Hellmann, J., 2016. Measuring the adaptation gap: A framework for
evaluating climate hazards and opportunities in urban areas. Environmental Science & Policy, 66: 403-419.

Chiotis, E.;2018. Climate Changes in the Holocene: Impacts and Human Adaptation. CRC Press.

Chollet, A. and Felli, R., 2015. Le catastrophisme écologique contre la démocratie. VertigO(Volume 15 Numéro 2).

Chu, E. and Michael, K., 2018. Recognition in urban climate justice: marginality and exclusion of migrants in Indian
cities. Environment and Urbanization, 31(1): 139-156.

Ciais, P., Sabine, C.,/Bala, G., Bopp, L., Brovkin, V., Canadell, J., Chhabra, A., De Fries, R., Galloway, J., Heimann,
M., Jones, C., Le Quéré, C., Myneni, R.B., Piao, S. and and Thornton, P., 2013. Carbon and Other
Biogeochemical Cycle. In: D.Q. T.F. Stocker, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y.
Xia, V. Bex and P.M. Midgley (Editors) (Editor), Climate Change 2013: The Physical Science Basis. Contribution
of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, United Kingdom and New York, NY, pp. 465-570.

City of Santa Monica, 2018. The Well Being Project. In: https://wellbeing.smgov.net/about/project-resources (Editor).

Ciullo, A., Kwakkel, J.H., De Bruijn, K.M., Doorn, N. and Klijn, F., 2020. Efficient or Fair? Operationalizing Ethical
Principles in Flood Risk Management: A Case Study on the Dutch-German Rhine. Risk Analysis.

Clapham, M.E. and Renne, P.R., 2019. Flood basalts and mass extinctions. Annual Review of Earth and Planetary
Sciences, 47(1): 275-303.

Clark, G.A., Michael Barton, C. and Straus, L.G., 2019. Landscapes, climate change & forager mobility in the Upper
Paleolithic of northern Spain. Quaternary International, 515: 176-187.

Do Not Cite, Quote or Distribute 1-80 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Clarke, L., L. Nichols, R. Vallario, M. Hejazi, J. Horing, A.C. Janetos, K. Mach, M. Mastrandrea, M. Orr, B.L. Preston,
P. Reed, R.D. Sands and White, a.D.D., 2018. Sector Interactions, Multiple Stressors, and Complex Systems.

In Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II, U.S. Global
Change Research Program, Washington, DC, USA.

Climate & Development Knowledge Network, 2017. Annual Report.

Climate Change Cultural Heritage Working Group International, 2019. The Future of Our Pasts: Engaging cultural
heritage in climate action Outline of Climate Change and Cultural Heritage. Technical Report, ICOMOS Paris, 62
pp.

Coates, K., 2004. A global history of indigenous peoples. Springer.

Coggins, S., Berrang-Ford, L., Hyams, K., Satyal, P., Ford, J., Paavola, J., Arotoma-Rojas, I. and Harper, S., 2021.
Empirical assessment of equity and justice in climate adaptation literature: a systematic map. Environmental
Research Letters, 16(7): 073003.

Cohen, J.M., Lajeunesse, M.J. and Rohr, J.R., 2018. A global synthesis of animal phenological responses to climate
change. Nature Climate Change, 8(3): 224-228.

Cohen-Shacham, E., Walters, G., Janzen, C. and Maginnis, S., 2016. Nature-based solutions to address global societal
challenges. IUCN: Gland, Switzerland, 97.

Conant, R.T., Cerri, C.E., Osborne, B.B. and Paustian, K., 2017. Grassland management impacts on soil carbon stocks:
a new synthesis. Ecological Applications, 27(2): 662-668.

Connelly, A., Carter, J., Handley, J. and Hincks, S., 2018. Enhancing the Practical Utility of Risk Assessments in
Climate Change Adaptation. Sustainability, 10(5): 1399.

Conway, D. and Mustelin, J., 2014. Strategies for improving adaptation practice in developing countries. Nature
Climate Change, 4(5): 339-342.

Cook, G.D., Jackson, S. and Williams, R.J., 2012. A revolution in northern Australian fire management: recognition of
Indigenous knowledge, practice and management. Flammable Australia:Collingwood: CSIRO Publishing: 293-
305.

Cookson, E., Hill, D.J. and Lawrence, D., 2019. Impacts of long:term climate change during the collapse of the
Akkadian Empire. Journal of Archaeological Science, 106:.1-9.

Coronese, M., Lamperti, F., Keller, K., Chiaromonte, F. and Roventini, A., 2019. Evidence for sharp increase in the
economic damages of extreme natural disasters. Proceedings of the National Academy of Sciences, 116(43):
21450-21455.

Cote, M. and Nightingale, A.J., 2012. Resilience-thinking meets social theory: situating social change in socio-
ecological systems (SES) research. Progress in Human Geography, 36(4): 475-489.

Cousins, J.J., 2021. Justice in nature-based.solutions: Research and pathways. Ecological Economics, 180: 106874.

Cramer, W., Yohe, G.W., Aufthammer, M., Huggel, C., Molau; U., Dias, M.A.F.S., Solow, A., Stone, D.A. and Tibig,
L., 2014. Detection and attribution of observed impacts. In: C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach,
M.D. Mastrandrea, T.E. Bilir; M. Chatterjee, K.L. Ebi;.Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N.
Levy, S. MacCracken, P.R. Mastrandrea and L.L. White (Editors), Climate Change 2014: Impacts, Adaptation,
and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel of Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA,pp. 979-1037.

Crichton, R. and Esteban; M., 2017. Limits to Coastal Adaptation in Samoa: Insights and Experiences, Climate Change
Management. Springer International Publishing, pp. 283-300.

D'Alisa, G., Demaria, F. and Kallis, G, 2014. Degrowth: a vocabulary for a new era. Routledge.

d’Alpoim Guedes;,J..and Bocinsky, R.K:;2018. Climate change stimulated agricultural innovation and exchange across
Asia. Science Advances, 4(10): ecaar4491.

D’Andrea, W.J.; Huang, Y., Fritz;'S.C. and Anderson, N.J., 2011. Abrupt Holocene climate change as an important
factorfor human‘migration in West Greenland. Proceedings of the National Academy of Sciences, 108(24): 9765-
9769.

Dasgupta, P., Edenhofer, O., Amezquita, A.M.A., Bento, A., Caney, S., Croix, D.D.1,, Fosu, A., Jakob, M., Saam, M.,
Shrader-Frechette, K., Weyant, J., You, L., Delgado-Ramos, G.C., Dorsch, M.J., Flachsland, C., Klenert, D.,
Lempert, R., Leroux, J., Lessmann, K., Liu, J., Mattauch, L., Perrings, C., Schwerhoff, G., Seyboth, K., Steckel,
J., Strefler, J.a. and Seyboth, K., 2018. Economic Growth, Human Development, and Welfare., In IPSP (Ed.),
Rethinking Society for the 21st Century: Report of the International Panel on Social Progress (pp. 141-186).
Cambridge: Cambridge University Press.

David-Chavez, D.M. and Gavin, M.C., 2018. A global assessment of Indigenous community engagement in climate
research. Environmental Research Letters, 13(12): 123005.

Dawson, R., 2015. Handling interdependencies in climate change risk assessment. Climate, 3(4): 1079-1096.

De Mello, L. and Dutz, M.A., 2012. Promoting inclusive growth: Challenges and policies. Paris: OECD and the World
Bank.

Degorska, B. and Degorski, M., 2018. Influence of Climate Change on Environmental Hazards and Human Well-Being
in the Urban Areas-Warsaw Case Study Versus General Problems. Climate Change, Extreme Events and Disaster
Risk Reduction: Towards Sustainable Development Goals: 43-57.

Demortain, D., 2019. Une société (de I’analyse) du risque ? Natures Sciences Sociétés, 27(4): 390-398.

Do Not Cite, Quote or Distribute 1-81 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Deshpande, T., Michael, K. and Bhaskara, K., 2018. Barriers and enablers of local adaptive measures: a case study of
Bengaluru’s informal settlement dwellers. Local Environment, 24(3): 167-179.

Desrochers, P. and Szurmak., a.J., 2020. Seven Billion Solutions Strong: Why Markets, Growth, and Innovation Are the
Antidote to Eco-Pessimism. Breakthrough Journal, 12.

Di Virgilio, G., Evans, J.P., Blake, S.A., Armstrong, M., Dowdy, A.J., Sharples, J. and McRae, R., 2019. Climate
change increases the potential for extreme wildfires. Geophysical Research Letters.

Diffenbaugh, N.S. and Burke, M., 2019. Global warming has increased global economic inequality. Proceedings of the
National Academy of Sciences, 116(20): 9808-9813.

Dilling, L., Prakash, A., Zommers, Z., Ahmad, F., Singh, N., de Wit, S., Nalau, J., Daly, M. and Bowman, K., 2019. Is
adaptation success a flawed concept? Nature Climate Change, 9(8): 572-574.

Donner, S.D., Kandlikar, M. and Webber, S., 2016. Measuring and tracking the flow of climate change adaptation aid
to the developing world. Environmental Research Letters, 11(5): 054006.

Doppelt, B., 2017. Transformational Resilience. Routledge.

Douthwaite, R., 2012. Degrowth and the supply of money in an energy-scarce world. Ecological Economics, 84: 187-
193.

Dow, K., Berkhout, F., Preston, B.L., Klein, R.J.T., Midgley, G. and Shaw, M.R., 2013. Limits to adaptation. Nature
Climate Change, 3: 305.

Dryzek, J., Norgaard, R. and Schlosberg, D., 2013. Climate Challenged Society. Oxford University Press; Oxford.

Dupuis, J. and Biesbroek, R., 2013. Comparing apples and oranges: The dependent.variable problem in comparing and
evaluating climate change adaptation policies. Global Environmental Change, 23(6): 1476-1487.

Dzebo, A. and Stripple, J., 2015. Transnational adaptation governance: An emerging fourth era of adaptation. Global
Environmental Change, 35: 423-435.

Easterling, D.R., Kunkel, K.E., Wehner, M.F. and Sun, L., 2016. Detection and attribution.of climate‘extremes in the
observed record. Weather and Climate Extremes, 11: 17-27.

Eisenack, K., Moser, S.C., Hoffmann, E., Klein, R.J.T., Oberlack, C., Pechan, A., Rotter, M. and Termeer, C.J. A.M.,
2014. Explaining and overcoming barriers to climate change adaptation. Nature Climate Change, 4(10): 867-872.

Elliott, J., 2005. Using narrative in social research: Qualitative and quantitativeapproaches. Sage Publications.

England, M.1., Dougill, A.J., Stringer, L.C., Vincent, K.E< Pardoe, J., Kalaba, F.K.; Mkwambisi, D.D., Namaganda, E.
and Afionis, S., 2018. Climate change adaptationiand cross-sectoral policy coherence in southern Africa. Regional
environmental change, 18(7): 2059-2071.

Eriksen, S., Schipper, E.L.F., Scoville-Simonds, M., Vincent, K., Adam, H.N., Brooks, N., Harding, B., Khatri, D.,
Lenaerts, L., Liverman, D., Mills-Novoa, M., Mosberg, M.;Moyvik, S:, Muok, B., Nightingale, A., Ojha, H.,
Sygna, L., Taylor, M., Vogel, C. and West; J.J., 2021. Adaptation interventions and their effect on vulnerability in
developing countries: Help, hindrance or irrelevance? World Development, 141: 105383.

Eriksen, S.H., Nightingale, A.J. and Eakin, H.;2015. Reframing adaptation: The political nature of climate change
adaptation. Global Environmental‘Change, 35: 523-533.

European Commission, 2019. Communication from the Commission to the European Parliament, the European
Council, the Council, the.European Economic and Social Committee and the Committee of the Regions—The
European Green Deal. Document 52019DC0640, 640.

Fagan, M.a.H., C., 2019. A look at how people around the world view climate change, Pew Research Center.

Faivre, N., Fritz, M., Freitas, T., de Boissezon,B. and Vandewoestijne, S., 2017. Nature-Based Solutions in the EU:
Innovating with nature to address social,.economic and environmental challenges. Environmental research, 159:
509-518.

Fankhauser;'S:, 2017./Adaptation to climate change. Annual Review of Resource Economics, 9: 209-230.

Fankhauser, S. and Dietz, S., 2014. Non-economic losses in the context of the UNFCCC work programme on loss and
damage.

Fanning, A L. and O'Neill,; D.W., 2019. The Wellbeing-Consumption paradox: Happiness, health, income, and carbon
emissions in growing versus non-growing economies. Journal of Cleaner Production, 212: 810-821.

Fazey, L., Schipke, N, Caniglia, G., Hodgson, A., Kendrick, 1., Lyon, C., Page, G., Patterson, J., Riedy, C., Strasser, T.,
Verveen, S., Adams, D., Goldstein, B., Klaes, M., Leicester, G., Linyard, A., McCurdy, A., Ryan, P., Sharpe, B.,
Silvestri, G., Abdurrahim, A.Y., Abson, D., Adetunji, O.S., Aldunce, P., Alvarez-Pereira, C., Amparo, J.M.,
Amundsen, H., Anderson, L., Andersson, L., Asquith, M., Augenstein, K., Barrie, J., Bent, D., Bentz, J., Bergsten,
A., Berzonsky, C., Bina, O., Blackstock, K., Boehnert, J., Bradbury, H., Brand, C., Bohme, J., Bgjer, M.M.,
Carmen, E., Charli-Joseph, L., Choudhury, S., Chunhachoti-ananta, S., Cockburn, J., Colvin, J., Connon, I.L.C.,
Cornforth, R., Cox, R.S., Cradock-Henry, N., Cramer, L., Cremaschi, A., Dannevig, H., Day, C.T., de Lima
Hutchison, C., de Vrieze, A., Desai, V., Dolley, J., Duckett, D., Durrant, R.A., Egermann, M., Elsner, E.,
Fremantle, C., Fullwood-Thomas, J., Galafassi, D., Gobby, J., Golland, A., Gonzalez-Padron, S.K., Gram-
Hanssen, 1., Grandin, J., Grenni, S., Lauren Gunnell, J., Gusmao, F., Hamann, M., Harding, B., Harper, G.,
Hesselgren, M., Hestad, D., Heykoop, C.A., Holmén, J., Holstead, K., Hoolohan, C., Horcea-Milcu, A.-1.,
Horlings, L.G., Howden, S.M., Howell, R.A., Huque, S.I., Inturias Canedo, M.L., Iro, C.Y., Ives, C.D., John, B.,
Joshi, R., Juarez-Bourke, S., Juma, D.W., Karlsen, B.C., Kliem, L., Kldy, A., Kuenkel, P., Kunze, 1., Lam,
D.P.M., Lang, D.J., Larkin, A., Light, A., Luederitz, C., Luthe, T., Maguire, C., Mahecha-Groot, A.-M., Malcolm,
J., Marshall, F., Maru, Y., McLachlan, C., Mmbando, P., Mohapatra, S., Moore, M.-L., Moriggi, A., Morley-

Do Not Cite, Quote or Distribute 1-82 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Fletcher, M., Moser, S., Mueller, K.M., Mukute, M., Miihlemeier, S., Naess, L.O., Nieto-Romero, M., Novo, P.,
O’Brien, K., O'Connell, D.A., O'Donnell, K., Olsson, P., Pearson, K.R., Pereira, L., Petridis, P., Peukert, D.,
Phear, N., Pisters, S.R., Polsky, M., Pound, D., Preiser, R., Rahman, M.S., Reed, M.S., Revell, P., Rodriguez, I.,
Rogers, B.C., Rohr, J., Nordbg Rosenberg, M., Ross, H., Russell, S., Ryan, M., Saha, P., Schleicher, K.,
Schneider, F., Scoville-Simonds, M., Searle, B., Sebhatu, S.P., Sesana, E., Silverman, H., Singh, C., Sterling, E.,
Stewart, S.-J., Tabara, J.D., Taylor, D., Thornton, P., Tribaldos, T.M., Tschakert, P., Uribe-Calvo, N., Waddell, S.,
Waddock, S., van der Merwe, L., van Mierlo, B., van Zwanenberg, P., Velarde, S.J., Washbourne, C.-L., Waylen,
K., Weiser, A., Wight, I., Williams, S., Woods, M., Wolstenholme, R., Wright, N., Wunder, S., Wyllie, A. and
Young, H.R., 2020. Transforming knowledge systems for life on Earth: Visions of future systems and how to get
there. Energy Research & Social Science, 70: 101724.

Fazey, 1., Wise, R.M., Lyon, C., Campeanu, C., Moug, P. and Davies, T.E., 2016. Past and future adaptation pathways.
Climate and Development, 8(1): 26-44.

Feola, G., 2015. Societal transformation in response to global environmental change: A review of emerging concepts.
Ambio, 44(5): 376-390.

Fernandez-Llamazares, A., Garcia, R.A., Diaz-Reviriego, 1., Cabeza, M., Pyhild, A. and Reyes-Garcia, V., 2017. An
empirically tested overlap between indigenous and scientific knowledge of a changing climate in Bolivian
Amazonia. Regional Environmental Change, 17(6): 1673-1685.

Few, R., Morchain, D., Spear, D., Mensah, A. and Bendapudi, R., 2017. Transformation, adaptation and development:
relating concepts to practice. Palgrave Communications, 3(1): 17092.

Fisher, S., 2015. The emerging geographies of climate justice. The Geographical Journal, 181(1): 73-82.

Fisichelli, N.A., Schuurman, G.W. and Hoffman, C.H., 2016. Is 'Resilience' Maladaptive? Towards an Accurate
Lexicon for Climate Change Adaptation. Environmental Management, 57(4): 753-758.

Fleurbaey, M., Kartha, S., Bolwig, S., Chee, Y.L., Chen, Y., Corbera, E., Lecocq, F., Lutz,W., Muylaert, M.S. and
Norgaard, R.B., 2014. Sustainable development and equity.

Flood, S. and Schechtman, J., 2014. The rise of resilience: Evolution of:anew concept in coastal planning in Ireland
and the US. Ocean & Coastal Management, 102: 19-31.

Flynn, C., Yamasumi, E., Fisher, S., Snow, D., Grant, Z., Kirby, M., Browning; P., Rommerskirchen, M. and and
Russell, 1., 2021. The Peoples’ Climate Vote, UNDP"and University of Oxford.

Folke, C., 2006. Resilience: The emergence of a perspective for social-ecological systems analyses. Global
environmental change, 16(3): 253-267.

Folke, C., Carpenter, S., Walker, B., Scheffer, M, Chapin, T. and Rockstrom, J., 2010. Resilience thinking: integrating
resilience, adaptability and transformability. Ecology and society; 15(4).

Ford, J.D., Berrang-Ford, L., Biesbroek, R4 Araos, M., Austin, S.E.'and Lesnikowski, A., 2015. Adaptation tracking for
a post-2015 climate agreement. Nature Climate Change, 5(11): 967-969.

Ford, J.D., Cameron, L., Rubis, J., Maillet, M., Nakashima, D., Willox, A.C. and Pearce, T., 2016. Including indigenous
knowledge and experience in'IPCC assessment reports. Nature Climate Change, 6(4): 349.

Ford, J.D., Pearce, T., McDowell, G., Berrang-Ford, L., Sayles, J.S. and Belfer, E., 2018. Vulnerability and its
discontents: the past, present, and future of climate change vulnerability research. Climatic Change, 151(2): 189-
203.

Fordham, D.A., Jackson, S.T., Brown, S.C:Huntley, B., Brook, B.W., Dahl-Jensen, D., Gilbert, M.T.P., Otto-Bliesner,
B.L., Svensson; A.,Theodoridis, S., Wilmshurst, J.]M., Buettel, J.C., Canteri, E., McDowell, M., Orlando, L.,
Pilowsky, J:; Rahbek,C. and Nogues-Bravo, D., 2020. Using paleo-archives to safeguard biodiversity under
climate change. Science, 369(6507): eabc5654.

Forsyth, T.;2018. Is resilience to.climate’change socially inclusive? Investigating theories of change processes in
Myanmar. World Development, 111: 13-26.

Foster, G.L.;;Hull, P., Lunt, DdJ. and Zachos, J.C., 2018. Placing our current ‘hyperthermal’ in the context of rapid
climate.change in.our geological past. Philosophical Transactions of the Royal Society A, 376(2130): 20170086.

Frame, D.J., Wehner, M.F., Noy, 1. and Rosier, S.M., 2020. The economic costs of Hurricane Harvey attributable to
climate change. Climatic Change, 160(2): 271-281.

Frank, T.D., Fielding, C.R., Winguth, A.M.E., Savatic, K., Tevyaw, A., Winguth, C., McLoughlin, S., Vajda, V., Mays,
C., Nicoll, R., Bocking, M. and Crowley, J.L., 2021. Pace, magnitude, and nature of terrestrial climate change
through the end-Permian extinction in southeastern Gondwana. Geology, $.

Fraser, D. and Lyons, S.K., 2020. Mammal Community Structure through the Paleocene-Eocene Thermal Maximum.
The American Naturalist, 196(3): 271-290.

Fraser, N., 1999. Social Justice in the Age of Identity Politics: Redistribution, Recognition, and Participation. Culture
and Economy After the Cultural Turn: 25.

French, S., 2013. Cynefin, statistics and decision analysis. Journal of the Operational Research Society, 64(4): 547-561.

Friend, R., Jarvie, J., Reed, S.O., Sutarto, R., Thinphanga, P. and Toan, V.C., 2014. Mainstreaming urban climate
resilience into policy and planning; reflections from Asia. Urban Climate, 7: 6-19.

Gagnon-Lebrun, F. and Agrawala, S., 2007. Implementing adaptation in developed countries: an analysis of progress
and trends. Climate Policy, 7(5): 392-408.

Gao, Q., 2018. Mainstreaming climate change into the EIA procedures: a perspective from China. International Journal
of Climate Change Strategies and Management, 10(3): 342-358.

Do Not Cite, Quote or Distribute 1-83 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Geels, F.W., 2004. From sectoral systems of innovation to socio-technical systems: Insights about dynamics and change
from sociology and institutional theory. Research policy, 33(6-7): 897-920.

GEF, 2014. Tracking tool for climate change adaptation projects. In: GEF (Editor).

Gelcich, S., Hughes, T.P., Olsson, P., Folke, C., Defeo, O., Fernandez, M., Foale, S., Gunderson, L.H., Rodriguez-
Sickert, C. and Scheffer, M., 2010. Navigating transformations in governance of Chilean marine coastal resources.
Proceedings of the National Academy of Sciences, 107(39): 16794-16799.

Gerten, C., Fina, S. and Rusche, K., 2019. The sprawling planet: Simplifying the measurement of global urbanization
trends. Frontiers in Environmental Science, 7: 140.

Gharbaoui, D. and Blocher, J., 2017. Limits to Adapting to Climate Change Through Relocations in Papua-New Guinea
and Fiji, Climate Change Management. Springer International Publishing, pp. 359-379.

Gibbs, S.J., Bown, P.R., Ridgwell, A., Young, J.R., Poulton, A.J. and O'Dea, S.A., 2016. Ocean warming, not
acidification, controlled coccolithophore response during past greenhouse climate change. Geology, 44(1): 59-62.

Gillard, R., Gouldson, A., Paavola, J. and Van Alstine, J., 2016. Transformational responses to climate change: beyond
a systems perspective of social change in mitigation and adaptation. Wiley Interdisciplinary Reviews: Climate
Change, 7(2): 251-265.

Gillett, N.P., Kirchmeier-Young, M., Ribes, A., Shiogama, H., Hegerl, G.C., Knutti, R., Gastineau, G., John, J.G., Li,
L., Nazarenko, L., Rosenbloom, N., Seland, @., Wu, T., Yukimoto, S. and Ziehn, T., 2021. Constraining human
contributions to observed warming since the pre-industrial period. Nature Climate Change, 11(3): 207-212.

Giosan, L., Orsi, W.D., Coolen, M., Wuchter, C., Dunlea, A.G., Thirumalai, K., Munoz, S.E., Clift, P.D., Donnelly,
J.P., Galy, V. and Fuller, D.Q., 2018. Neoglacial climate anomalies and the Harappan metamorphosis. Clim. Past,
14(11): 1669-1686.

Global Commission on Adaptation, 2019. Adapt Now: A global call for leadership on climate resilience, Global
Commission on Adaptation.

Global Commission on the Economy and Climate, 2018. Unlocking the Tnclusive Growth Stery of'the 21st Century:
Accelerating Climate Action in Urgent Times, New Climate Economy, Washington, DC;USA.

Goldman, M.J., Turner, M.D. and Daly, M., 2018. A critical political ecology of human dimensions of climate change:
Epistemology, ontology, and ethics. WIREs Climate Change, 9(4).

Gomez-Baggethun, E., 2020. More is more: Scaling political ecology within limits.to growth. Political Geography, 76:
102095.

Gopel, M., 2016. The great mindshift: how a new economic paradigm.and sustainability transformations go hand in
hand. Springer Nature.

Gorddard, R., Colloff, M.J., Wise, R.M., Ware, D. and'Dunlop, M., 2016. Values, rules and knowledge: Adaptation as
change in the decision context. Environmental Science & Policy, 57: 60-69.

Gough, 1., 2015. Climate change and sustainable welfare: the centrality of human needs. Cambridge Journal of
Economics, 39(5): 1191-1214.

Grantham Research Institute on Climate Change and the Environment and Sabin Center for Climate Change Law, 2021.
Climate Change Laws of the,World database.

Green, D., Jackson, S. and Morrison,J., 2009. Risks from climate change to indigenous communities in the tropical
north of Australia. Department of Climate:.Change, Commonwealth of Australia.

Grinsted, A., Ditlevsen; P. and ChristensenyJ.H., 2019. Normalized US hurricane damage estimates using area of total
destruction, 1900—2018. Proceedings of the National Academy of Sciences, 116(48): 23942-23946.

Grose, M.R., Black, M.T., Wang, G4 King, A.D., Hope, P. and Karoly, D.J., 2020. The warm and extremely dry spring
in 2015 in Tasmania contained the fingerprint of human influence on the climate. Journal of Southern Hemisphere
Earth-Systems.Science, 69(1): 183-195.

Grubb, M., Hourcade, J.-C. and and Neuhoff, K., 2014. Planetary economics: energy, climate change and the three
domains. of sustainable development. Routledge.

Gulev, S.K:;Thorne, P.W., Ahn, J., Dentener, F.J., Domingues, C.M., Gerland, S., Gong, D., Kaufman, D.S., Nnamchi,
H.C., Quaas,d., Rivera, J.A., Sathyendranath, S., Smith, S.L., Trewin, B., von Shuckmann, K. and Vose, R.S.,
2021. Changing State of the Climate System. In: V. Masson-Delmotte, P. Zhai, A. Pirani, S.L. Connors, C. Péan,
S. Berger, NoCaud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K.
Maycock, T. Waterfield, O. Yelekgi, R. Yu and B. Zhou (Editors), Climate Change 2021: The Physical Science
Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press.

Gutmann, A. and Thompson, D.F., 2009. Why Deliberative Democracy? Princeton University Press.

Haasnoot, M., Biesbroek, R., Lawrence, J., Muccione, V., Lempert, R. and Glavovic, B., 2020. Defining the solution
space to accelerate climate change adaptation. Regional Environmental Change, 20(2): 1-5.

Haasnoot, M., Brown, S., Scussolini, P., Jimenez, J.A., Vafeidis, A.T. and Nicholls, R.J., 2019a. Generic adaptation
pathways for coastal archetypes under uncertain sea-level rise. Environmental Research Communications, 1(7):
071006.

Haasnoot, M., Lawrence, J. and Magnan, A.K., 2021. Pathways to coastal retreat. Science, 372(6548): 1287-1290.

Haasnoot, M., Warren, A. and Kwakkel, J.H., 2019b. Dynamic adaptive policy pathways (DAPP), Decision Making
under Deep Uncertainty. Springer, Cham, pp. 71-92.

Do Not Cite, Quote or Distribute 1-84 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Haberl, H., Wiedenhofer, D., Virag, D., Kalt, G., Plank, B., Brockway, P., Fishman, T., Hausknost, D., Krausmann, F.
and Leon-Gruchalski, B., 2020. A systematic review of the evidence on decoupling of GDP, resource use and
GHG emissions, part II: synthesizing the insights. Environmental Research Letters, 15(6): 065003.

Hale, T.N., Chan, S., Hsu, A., Clapper, A., Elliott, C., Faria, P., Kuramochi, T., McDaniel, S., Morgado, M.,
Roelfsema, M., Santaella, M., Singh, N., Tout, 1., Weber, C., Weinfurter, A. and Widerberg, O., 2021. Sub- and
non-state climate action: a framework to assess progress, implementation and impact. Climate Policy, 21(3): 406-
420.

Hall, J.A., Weaver, C.P., Obeysekera, J., Crowell, M., Horton, R.M., Kopp, R.E., Marburger, J., Marcy, D.C., Parris, A.
and Sweet, W.V., 2019. Rising sea levels: Helping decision-makers confront the inevitable. Coastal Management,
47(2): 127-150.

Hamborg, S., Meya, J.N., Eisenack, K. and Raabe, T., 2020. Rethinking resilience: A cross-epistemic resilience
framework for interdisciplinary energy research. Energy Research & Social Science, 59: 101285.

Hansen, G., Stone, D., Auffhammer, M., Huggel, C. and Cramer, W., 2016. Linking local impacts to changes in
climate: a guide to attribution. Regional Environmental Change, 16(2): 527-541.

Hansen, J., Sato, M., Russell, G. and Kharecha, P., 2013. Climate sensitivity, sea level and atmospheric carbon dioxide.
Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 371(2001):
20120294.

Hanssen, S., Daioglou, V., Steinmann, Z., Doelman, J., Van Vuuren, D. and Huijbregts, M., 2020. The climate change
mitigation potential of bioenergy with carbon capture and storage. Nature Climate Change: 1-7.

Hassanali, K., 2017. Challenges in mainstreaming climate change into productive coastal sectors in a Small Island
State—The case of Trinidad and Tobago. Ocean & coastal management, 142: 136-142.

Hauser, M., Orth, R. and Seneviratne, S.1., 2016. Role of soil moisture versus recent.climate change for the 2010 heat
wave in western Russia. Geophysical Research Letters, 43(6): 2819-2826.

Hausfather, Z. and Peters, G.P., 2020. Emissions — the ‘business as usual’ storyis misleading: Nature, 577(7792): 618-
620.

Haywood, A.M., Valdes, P.J., Aze, T., Barlow, N., Burke, A., Dolan, A.M., von der'Heydt, A.S., Hill, D.J., Jamieson,
S.S.R., Otto-Bliesner, B.L., Salzmann, U., Saupe, E. and Voss, J., 2019. What can Palacoclimate Modelling do for
you? Earth Systems and Environment, 3(1): 1-18.

Heck, V., Gerten, D., Lucht, W. and Popp, A., 2018. Biomass-based negative emissions difficult to reconcile with
planetary boundaries. Nature climate change, 8(2): 151-155.

Hegerl, G.C., Hoegh-Guldberg, O., Casassa, G., Hoerling, M.P., Kovats, R., Parmesan, C., Pierce, D.W. and Stott, P.A.,
2010. Good practice guidance paper on detection'and attributionrelated to anthropogenic climate change, Meeting
report of the intergovernmental panel-on climate change expert meeting on detection and attribution of
anthropogenic climate change. IPCC Working Groupd Technical Support Unit, University of Bern, Bern ....

Hegmon, M., Peeples, M.A., Kinzig, A.P., Kulow, S., Meegan, C.M. and and Nelson, M.C., 2008. Social
Transformation and Its Human Costs in'the Prehispanic UsS. Southwest. American Anthropologist, 110(3): 313-
324.

Heimhofer, U., Wucherpfennig, N., Adatte, T., Schouten, S., Schneebeli-Hermann, E., Gardin, S., Keller, G., Kentsch,
S. and Kujau, A., 2018. Vegetation response to exceptional global warmth during Oceanic Anoxic Event 2. Nature
Communications; 9(1):3832.

Herrero, C., Martinez, Rsand. Villar, A.;2012..A Newer Human Development Index. Journal of Human Development
and Capabilities, 13(2): 247-268.

Herring, S.C., Christidis, N., Hoell, A4 Hoerling, M.P. and Stott, P.A., 2021. Explaining Extreme Events of 2019 from
a Climate Perspective. Bulletin of the American Meteorological Society, 102(1): S1-S116.

Herrmann, J. and Guenther, E., 2017. Exploring a scale of organizational barriers for enterprises' climate change
adaptationsstrategies. Journal-of Cleaner Production, 160: 38-49.

Hickel, J. and Kallis, G, 2020. Is green growth possible? New Political Economy, 25(4): 469-486.

Hill, A.C. and Martinez-Diaz, L., 2019. Building a resilient tomorrow: How to prepare for the coming climate
disruption-Oxford University Press, USA.

Hochman, Z., Gobbett, D.L. and Horan, H., 2017. Climate trends account for stalled wheat yields in Australia since
1990. Global Change Biology, 23(5): 2071-2081.

Hoegh-Guldberg, O., Jacob, D., Taylor, M., Bolafios, T.G., Bindi, M., Brown, S., Camilloni, I., Diedhiou, A., Djalante,
R. and Ebi, K., 2019. The human imperative of stabilizing global climate change at 1.5° C. Science, 365(6459):
eaaw6974.

Hoekstra, R. and van den Bergh, J.C.J.M., 2003. Comparing structural decomposition analysis and index. Energy
Economics, 25(1): 39-64.

Hollesen, J., Callanan, M., Dawson, T., Fenger-Nielsen, R., Friesen, T.M., Jensen, A.M., Markham, A., Martens, V.V.,
Pitulko, V.V. and Rockman, M., 2018. Climate change and the deteriorating archaeological and environmental
archives of the Arctic. Antiquity, 92(363): 573-586.

Holling, C.S., 1973. Resilience and stability of ecological systems. Annual review of ecology and systematics, 4(1): 1-
23.

Holman, I.P., Brown, C., Carter, T.R., Harrison, P.A. and Rounsevell, M., 2019. Improving the representation of
adaptation in climate change impact models. Regional Environmental Change, 19(3): 711-721.

Do Not Cite, Quote or Distribute 1-85 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Holscher, K., Wittmayer, J.M. and Loorbach, D., 2018. Transition versus transformation: what’s the difference.
Environmental innovation and societal transitions, 27: 1-3.

Hong, L. and Page, S.E., 2004. Groups of diverse problem solvers can outperform groups of high-ability problem
solvers. Proceedings of the National Academy of Sciences, 101(46): 16385-16389.

Horton, R.M., de Sherbinin, A., Wrathall, D. and Oppenheimer, M., 2021. Assessing human habitability and migration.
Science, 372(6548): 1279-1283.

Hourdequin, M., 2016. Justice, recognition and climate change. Climate justice and geoengineering: Ethics and policy
in the atmospheric anthropocene: 33-48.

Hiigel, S. and Davies, A.R., 2020. Public participation, engagement, and climate change adaptation: A review of the
research literature. WIREs Climate Change, 11(4).

Huggel, C., Stone, D., Eicken, H. and Hansen, G., 2015. Potential and limitations of the attribution of climate change
impacts for informing loss and damage discussions and policies. Climatic Change, 133(3): 453-467.

Hughes, T.P., Linares, C., Dakos, V., Van De Leemput, [.A. and Van Nes, E.H., 2013. Living dangerously on borrowed
time during slow, unrecognized regime shifts. Trends in ecology & evolution, 28(3): 149-155.

Hulvey, K.B., Hobbs, R.J., Standish, R.J., Lindenmayer, D.B., Lach, L. and Perring, M.P., 2013. Benefits of tree mixes
in carbon plantings. Nature Climate Change, 3(10): 869-874.

Huurdeman, E.P., Frieling, J., Reichgelt, T., Bijl, P.K., Bohaty, S.M., Holdgate, G.R., Gallagher, S.J., Petersg, F.;
Greenwood, D.R. and Pross, J., 2021. Rapid expansion of meso-megathermal rain forests into the southern high
latitudes at the onset of the Paleocene-Eocene Thermal Maximum. Geology, 49(1): 40-44.

IAC, 2010. Climate change assessments. Review of the Processes and Procedures of the IPCC, Amsterdam, The
Netherlands.

Iglesias, V., Whitlock, C., Krause, T.R. and Baker, R.G., 2018. Past vegetation dynamics in the Yellowstone region
highlight the vulnerability of mountain systems to climate change. Journal of Biogeography, 45(8): 1768-1780.

Ignatowski, J.A. and Rosales, J., 2013. Identifying the exposure of two subsistence villagesin Alaska to climate change
using traditional ecological knowledge. Climatic change, 121(2):285-299.

ILO, 1989. Convention on Indigenous and Tribal Peoples.

ILO, 2013. Understanding the Indigenous and Tribal people.Convention, 1989 (No. 169):‘Handbook for ILO tripartite
constituents. International Labour Office.

ILO, 2019. Indigenous and Tribal Peoples

Convention, 1989 (No. 169) Committee of Experts on the Application.of Conventions and Recommendations.
International Labour Organization, Genevas

Inoue, T., 2019. Carbon Sequestration in Mangroves. In: T. Kuwae and M. 'Hori (Editors), Blue Carbon in Shallow
Coastal Ecosystems: Carbon Dynamics, Policy, and Implementation. Springer Singapore, Singapore, pp. 73-99.

Inuit Tapiriit Kanatami, 2018. National Inuit Strategy on Research.

IPBES, 2018. The IPBES assessmentreport ondand degradation and restoration, Secretariat of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services, Bonn, Germany.

IPBES, 2019a. Summary for policymakers of the global.assessment report on biodiversity and ecosystem services of
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. IPBES secretariat, Bonn,
Germany.

IPBES, 2019b. Summary for policymakers-of the global assessment report on biodiversity and ecosystem services of
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. In: Global assessment
report on biodiversity-and ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES) Secretariat, Bonn, Germany.

IPCC, 2005. Guidance Notes for Lead Authors of the IPCC Fourth Assessment Report on Addressing Uncertainties”.
Intergovernmental Panel-on‘Climate Change.

IPCC, 2012:Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX). In:
C.B. Field, V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.K. Plattner,
S.K. AllenysM. Tignor and P.M. Midgley (Editors), Managing the Risks of Extreme Events and Disasters to
Advance Climate Change Adaptation. A Special Report of Working Groups I and II of the Intergovernmental
Panel on Climate Change (IPCC). Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA, pp. 3-21.

IPCC, 2013. Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change Cambridge,
United Kingdom and New York, NY, USA.

IPCC, 2014a. Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi,
Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 1132 pp.

IPCC, 2014b. Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of
Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Barros,
V.R., C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada,

Do Not Cite, Quote or Distribute 1-86 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 688 pp.

IPCC, 2014c. Summary for Policymakers. In: C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S.
MacCracken, P.R. Mastrandrea and L.L. White (Editors), Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom, and New York, NY, USA, pp. 1-32.

IPCC, 2018a. Annex I: Glossary [R. Matthews (ed.)]. In: Global warming of 1.5°C. An IPCC Special Report on the
impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission
pathways, in the context of strengthening the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty.

IPCC, 2018b. Global warming of 1.5 C: An IPCC Special Report on the impacts of global warming of 1.5 C above pre-
industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global
response to the threat of climate change, sustainable development, and efforts to eradicate poverty.

IPCC, 2018c. Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above
pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the
global response to the threat of climate change, sustainable development, and efforts to eradicate poverty, In press

pp.

IPCC, 2018d. Summary for Policymakers, Global Warming of 1.5°C. In: V. Masson-Delmotte, P. Zhai, H.-O: Portner,
D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R.
Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor.and T. Waterfield (Editors), Global
Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial
levels and related global greenhouse gas emission pathways, in the context of strengthening the

global response to the threat of climate change, sustainable development;.and efforts to eradicate poverty. World
Meteorological Organization, Geneva, Switzerland, pp. 32:pp.

IPCC, 2019a. Climate Change and Land: an IPCC special report on climate change, desertification, land degradation,
sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems (SRCCL).

IPCC, 2019b. Special Report on the Ocean and Cryospherein a Changing Climate (SROCC).

IPCC, 2019¢c. Summary for Policymakers. In: IPCC Special Report on the Oceanand Cryosphere in a Changing
Climate, In press.

IPCC, 2020. The concept of risk in the IPCC Sixth Assessment Report: A summary of cross-Working Group
discussions.

IPCC, 2021. Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. Contribution of
Working Group I to the Sixth Assessment'Report of the Intergovernmental Panel on Climate Change.

Isenhour, C., 2016. Unearthing human progress? Ecomodernism and contrasting definitions of technological progress in
the Anthropocene. Economic Anthropology, 3(2):315-328.

Ivany, L.C., Pietsch, C., Handley, J.C., Lockwood, R., Allmon, W.D. and Sessa, J.A., 2018. Little lasting impact of the
Paleocene-Eocene Thermal Maximum on shallow marine molluscan faunas. Science Advances, 4(9): ecaat5528.

Jackson, R.B., Banner,J.L., Jobbagy, E.G:sPockman, W.T. and Wall, D.H., 2002. Ecosystem carbon loss with woody
plant invasion of grasslands. Nature, 418(6898): 623-626.

Jafry, T., Mikulewicz, M. and Helwig, K.;,2018. Introduction: Justice in the era of climate change, Routledge
Handbook of Climate Justice. Routledge, pp. 1-9.

Jakku, E., Thorburn, P.J., Marshall, N.As; Dowd, A.M., Howden, S.M., Mendham, E., Moon, K. and Brandon, C.,
2016. Learning the hard way: a case study of an attempt at agricultural transformation in response to climate
change. Climatic Change;.137(3-4): 557-574.

Janif, S.Z., Nunn, P.D:, Geraghty, P., Aalbersberg, W., Thomas, F.R. and Camailakeba, M., 2016. Value of traditional
oral narratives in building climate-change resilience: insights from rural communities in Fiji. Ecology and Society,
21(2).

Jézéquel, A., Dépoues, V., Guillemot, H., Trolliet, M., Vanderlinden, J.-P. and Yiou, P., 2018. Behind the veil of
extreme event attribution. Climatic Change, 149(3): 367-383.

Jonas, H., 1985. The imperative of responsibility: In search of an ethics for the technological age. University of
Chicago press.

Jones, C., 2019. Climate Change and Farming Response in a Temperate Oceanic Zone—the Exploitation of a Karstic
Region in Western Ireland in the Third and Second Millennia BC. The Journal of Island and Coastal Archaeology:
1-22.

Jones, C., Robertson, E., Arora, V., Friedlingstein, P., Shevliakova, E., Bopp, L., Brovkin, V., Hajima, T., Kato, E.,
Kawamiya, M., Liddicoat, S., Lindsay, K., Reick, C.H., Roelandt, C., Segschneider, J. and Tjiputra, J., 2013.
Twenty-First-Century Compatible CO2 Emissions and Airborne Fraction Simulated by CMIP5 Earth System
Models under Four Representative Concentration Pathways. Journal of Climate, 26(13): 4398-4413.

Jones, L. and Boyd, E., 2011. Exploring social barriers to adaptation: insights from Western Nepal. Global
Environmental Change, 21(4): 1262-1274.

Do Not Cite, Quote or Distribute 1-87 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Jones, R.N., Patwardhan, A., Cohen, S.J., Dessai, S., Lammel, A., Lempert, R.J., Mirza, M.M.Q. and von Storch, H.,
2014. Foundations for decision making. In: C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S.
MacCracken, P.R. Mastrandrea and L.L. White (Editors), Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 195-228.

Jones, R.N. and Preston, B.L., 2011. Adaptation and risk management. WIREs Climate Change(2).

Jorgenson, A K., Fiske, S., Hubacek, K., Li, J., McGovern, T., Rick, T., Schor, J.B., Solecki, W., York, R. and
Zycherman, A., 2019. Social science perspectives on drivers of and responses to global climate change. WIREs
Climate Change, 10(1): e554.

Juan, S., 2011. La transition écologique. Eres.

Juhola, S., 2016. Barriers to the implementation of climate change adaptation in land use planning. International Journal
of Climate Change Strategies and Management, 8(3): 338-355.

Jurgilevich, A., Réasédnen, A., Groundstroem, F. and Juhola, S., 2017. A systematic review of dynamics in climate risk
and vulnerability assessments. Environmental Research Letters, 12(1): 013002.

Kahn, M.E., Mohaddes, K., Ng, R.N., Pesaran, M.H., Raissi, M. and Yang, J.-C., 2019. Long-term macroeconomic
effects of climate change: A cross-country analysis, National Bureau of Economic Research.

Kallis, G., 2011. In defence of degrowth. Ecological economics, 70(5): 873-880.

Kallis, G., 2017. Radical dematerialization and degrowth. Philosophical transactions of the royal society a:
mathematical, physical and engineering sciences, 375(2095): 20160383.

Kallis, G., Kerschner, C. and Martinez-Alier, J., 2012. The economics of degrowth. Elsevier.

Kanie, N. and Biermann, F., 2017. Governing through goals: Sustainable development goals as.governance innovation.
mit Press.

Kay, R. and and Adler, J., 2017. Coastal planning and management. CRC Press.

Kemp, D.B., Eichenseer, K. and Kiessling, W., 2015. Maximumrates of climate change are systematically
underestimated in the geological record. Nature Communications, 6: 8890:

Kern, F. and Rogge, K.S., 2018. Harnessing theories of the policy process for analysing the politics of sustainability
transitions: A critical survey. Environmental innovation and societal transitions, 27: 102-117.

Keskitalo, E. and Preston, B., 2019a. Research Handbook on Climate Change Adaptation Policy. Edward Elgar
Publishing.

Keskitalo, E.C.H. and Pettersson, M., 2016. Can adaptation to climate'change at all be mainstreamed in complex multi-
level governance systems? A case study of forest-relevant policies at the EU and Swedish levels, Implementing
climate change adaptation in cities and communities. Springer, pp. 53-74.

Keskitalo, E.C.H. and Preston, B.L., 2019b. Research handbook on climate change adaptation policy. Edward Elgar
Publishing.

Kienberger, S., Blaschke, T. and Zaidi, RiZ., 2013.°A framework for spatio-temporal scales and concepts from different
disciplines: the ‘vulnerability cube’. Natural Hazards, 68(3): 1343-1369.

Kiessling, W., Simpson, C., Beck, B., Mewis; H. and Pandolfi, J.M., 2012. Equatorial decline of reef corals during the
last Pleistocene interglacial. Proceedings of the National Academy of Sciences of the United States of America,
109(52): 21378-21383.

Kirkby, P., Williams, C..and Huq, S5 2017. Community-based adaptation (CBA): adding conceptual clarity to the
approach, and establishing its principles and challenges. Climate and Development, 10(7): 577-589.

Kitcher, P.;2011. Science in a democratic society. Brill Rodopi.

Klauer, B.; 1999: Defining and achieving sustainable development. The International Journal of Sustainable
Development & World Ecology, 6(2): 114-121.

Klein, J.A.;'Hopping, K.A', Yeh, E.T., Nyima, Y., Boone, R.B. and Galvin, K.A., 2014a. Unexpected climate impacts
on the Tibetan Plateau: local and scientific knowledge in findings of delayed summer. Global Environmental
Change, 28:.141-152.

Klein, R.J.T., Midgley, G.F., Preston, B.L., Alam, M., Berkhout, F.G.H., Dow, K. and Shaw, M.R., 2014b. Adaptation
opportunities, constraints, and limits. In: C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S.
MacCracken, P.R. Mastrandrea and L.L. White (Editors), Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel of Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 899-943.

Klenk, N., Fiume, A., Meehan, K. and Gibbes, C., 2017. Local knowledge in climate adaptation research: moving
knowledge frameworks from extraction to co-production. WIREs Climate Change, 8(5).

Knapp, A.B. and Manning, S.W., 2016. Crisis in context: The end of the Late Bronze Age in the eastern Mediterranean.
American Journal of Archaeology, 120(1): 99-149.

Koch, F., 2018. Mainstreaming adaptation: a content analysis of political agendas in Colombian cities. Climate and
Development, 10(2): 179-192.

Do Not Cite, Quote or Distribute 1-88 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Kohler, J., Geels, F.W., Kern, F., Markard, J., Onsongo, E., Wieczorek, A., Alkemade, F., Avelino, F., Bergek, A. and
Boons, F., 2019. An agenda for sustainability transitions research: State of the art and future directions.
Environmental Innovation and Societal Transitions, 31: 1-32.

Kohler, T.A., Ortman, S.G., Grundtisch, K.E., Fitzpatrick, C.M. and Cole, S.M., 2014. The Better Angels of their
Nature: Declining Violence through Time Among Prehispanic Farmers of the Pueblo Southwest. American
Antiquity, 79(3): 444-464.

Kopp, R.E., K. Hayhoe, D.R. Easterling, T. Hall, R.H., K.E. Kunkel and LeGrande, a.A.N., 2017. Potential surprises —
compound extremes and tipping elements. In: Climate Science Special Report: Fourth National Climate
Assessment, Volume I, U.S. Global Change Research Program, Washington, DC, USA.

Koren, H.S. and Butler, C.D., 2006. The interconnection between the built environment ecology and health.
Environmental Security and Environmental Management: The Role of Risk Assessment, 5: 111-+.

Kroger, B., 2017. Changes in the latitudinal diversity gradient during the Great Ordovician Biodiversification Event.
Geology, 46(2): 127-130.

Kuil, L., Carr, G., Prskawetz, A., Salinas, J.L., Viglione, A. and Bloschl, G., 2019. Learning from the Ancient Maya:
Exploring the Impact of Drought on Population Dynamics. Ecological Economics, 157: 1-16.

Kuruppu, N., 2009. Adapting water resources to climate change in Kiribati: the importance of cultural values and
meanings. Environmental Science & Policy, 12(7): 799-809.

Lacey, J., Howden, S.M., Cvitanovic, C. and Dowd, A.-M., 2015. Informed adaptation: Ethical considerations for
adaptation researchers and decision-makers. Global Environmental Change, 32: 200-210.

Lamb, W.F. and Steinberger, J.K., 2017. Human well-being and climate change mitigation. Wiley Interdisciplinary
Reviews-Climate Change, 8(6).

Landemore, H., 2013. Deliberation, cognitive diversity, and democratic inclusiveness: an epistemic argument for the
random selection of representatives. Synthese, 190(7): 1209-1231.

Latouche, S., 2001. La déraison de la raison économique. Albin Michel, Paris:

Laurila-Pant, M., Lehikoinen, A., Uusitalo, L. and Venesjirvi, R., 2015-How to value biodiversity in environmental
management? Ecological indicators, 55: 1-11.

Lavell, A., Oppenheimer, M., Diop, C., Hess, J., Lempert, R, Li, J., Muir-Wood;.R. and Myeong, S., 2012. Climate
Change: New Dimensions in Disaster Risk, Exposure, Vulnerability, and Resilience. In: Managing the Risks of
Extreme Events and Disasters to Advance Climate Change Adaptation. In: C.B. Field, V.R. Barros, T.F. Stocker,
D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.K. Plattner, S.K. Allen, M. Tignor and P.M.
Midgley (Editors), A Special Report of Working Groups I and I of the.Intergovernmental Panel on Climate
Change (IPCC). Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 25-64.

Lawrence, D., Palmisano, A. and de Gruchy, M:W., 2021. Collapse and continuity: A multi-proxy reconstruction of
settlement organization and population trajectories in.the'Northern Fertile Crescent during the 4.2kya Rapid
Climate Change event. PLOS ONE,.16(1): €0244871.

Le Quéré, C., Korsbakken, J.I., WilsonyC., Tosun, J.,/Andrew, R., Andres, R.J., Canadell, J.G., Jordan, A., Peters, G.P.
and van Vuuren, D.P., 2019. Drivers of declining CO 2 emissions in 18 developed economies. Nature Climate
Change, 9(3): 213-217.

Leakey, R.R.B., 2020. A re-boot of tropical agriculture benefits food production, rural economies, health, social justice
and the environment. Nature Food, 1(5): 260-265.

Leal Filho, W., Azeiteiro, U., Alves, F., Pace, P., Mifsud, M., Brandli, L., Caeiro, S.S. and Disterheft, A., 2018.
Reinvigorating the sustainable development research agenda: the role of the sustainable development goals
(SDG). International Journal of Sustainable Development & World Ecology, 25(2): 131-142.

Lee, J.Y., Marotzke, J:, Bala, G., Cao, L4 Corti, S., Dunne, J.P., Engelbrecht, F., Fischer, E., Fyfe, J.C., Jones, C.,
Maycock, A., Mutemi, J., Ndiaye, O., Panickal, S. and Zhou, T., 2021. Future Global Climate: Scenario-Based
Projections and Near-Term Information. In: V. Masson-Delmotte, P. Zhai, A. Pirani, S.L. Connors, C. Péan, S.
Berger; N. Caud,'Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K.
Maycock, T. Waterfield, O. Yelekei, R. Yu and B. Zhou (Editors), Climate Change 2021: The Physical Science
Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press.

Lee, S.J., Kim, Y. and Phillips, R. (Editors), 2015. Exploring the Intersection of Community Well-Being and
Community Development. Community Well-Being and Community Development. Springer, Cham,
SpringerBriefs in Well-Being and Quality of Life Research.

Lehmann, P., Brenck, M., Gebhardt, O., Schaller, S. and SiiBbauer, E., 2015. Barriers and opportunities for urban
adaptation planning: analytical framework and evidence from cities in Latin America and Germany. Mitigation
and Adaptation Strategies for Global Change, 20(1): 75-97.

Leifeld, J. and Menichetti, L., 2018. The underappreciated potential of peatlands in global climate change mitigation
strategies. Nature communications, 9(1): 1-7.

Leiter, T., 2021. Progress in implementing adaptation: insights from project proposals and scientific literature. In:
UNEP (Editor), The Adaptation Gap Report 2020. UNEP, pp. p. 33-40.

Lejeune, Q., Davin, E.L., Gudmundsson, L., Winckler, J. and Seneviratne, S.I., 2018. Historical deforestation locally
increased the intensity of hot days in northern mid-latitudes. Nature Climate Change, 8(5): 386-390.

Do Not Cite, Quote or Distribute 1-89 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Lempert, R., Arnold, J.G., Pulwarty, R., Gordon, K., Greig, C., Hawkins Hoofman, C., Sands, D. and Werrell, C., 2018.
Reducing Risks Through Adaptation Actions. In: D.R. Reidmiller, C.W. Avery, K.E. Easterling, K.L.M. Knkel,
T.K. Maycock and B.C. Stewart (Editors), Impacts, Risks, and Adaptation in the United States: Fourth National
Climate Assessment, Vol II. U.S. Global Change Research Program, Washington, DC.

Lempert, R.J. and Turner, S., 2020. Engaging Multiple Worldviews With Quantitative Decision Support: A Robust
Decision-Making Demonstration Using the Lake Model. Risk Analysis.

Lesnikowski, A., Belfer, E., Rodman, E., Smith, J., Biesbroek, R., Wilkerson, J.D., Ford, J.D. and Berrang-Ford, L.,
2019a. Frontiers in data analytics for adaptation research: Topic modeling. WIREs Climate Change, 10(3).

Lesnikowski, A., Ford, J., Biesbroek, R., Berrang-Ford, L., Maillet, M., Araos, M. and Austin, S.E., 2017. What does
the Paris Agreement mean for adaptation? Climate Policy, 17(7): 825-831.

Lesnikowski, A., Ford, J.D., Biesbroek, R. and Berrang-Ford, L., 2019b. A policy mixes approach to conceptualizing
and measuring climate change adaptation policy. Climatic Change: 1-23.

Lesnikowski, A.C., Ford, J.D., Biesbroek, R., Berrang-Ford, L. and Heymann, J., 2016. National level progress on
adaptation. Nature Climate Change, 6: 261-264.

Levin, K., Cashore, B., Bernstein, S. and Auld, G., 2012. Overcoming the tragedy of super wicked problems:
constraining our future selves to ameliorate global climate change. Policy sciences, 45(2): 123-152.

Lewis, S.C., King, A.D., Perkins-Kirkpatrick, S.E. and Wehner, M.F., 2019. Toward Calibrated Language for
Effectively Communicating the Results of Extreme Event Attribution Studies. Earth's Future, 7(9): 1020-1026.

Lewis, S.L. and Maslin, M.A., 2015. Defining the Anthropocene. Nature, 519(7542): 171-180.

Lindstrom, S., 2016. Palynofloral patterns of terrestrial ecosystem change during the end-Triassic event — a review.
Geological Magazine, 153(2): 223-251.

Linnér, B.-O. and Wibeck, V., 2019. Sustainability Transformations Across Societies: Agents and Drivers across
Societies. Cambridge University Press.

Llavador, H., Roemer, J.E. and Silvestre, J., 2010. Intergenerational justice when future worlds are'uncertain. Journal of
Mathematical Economics, 46(5): 728-761.

Loorbach, D., 2010. Transition management for sustainable development: a prescriptive, complexity-based governance
framework. Governance, 23(1): 161-183.

Lovbrand, E., Beck, S., Chilvers, J., Forsyth, T., Hedrén,J., Hulme, M., Lidskog, R. and Vasileiadou, E., 2015. Who
speaks for the future of Earth? How critical social science can

extend the conversation on the Anthropocene. Global Environmental Change32:211-218.

Lubell, M. and Niles, M.T., 2019. The limits of capacity building. Nature Climate Change, 9(8): 578-579.

MacDonald, J.P., Willox, A.C., Ford, J.D., Shiwak, I., Wood, M.; Teami, I..and Govt, R.I.C., 2015. Protective factors
for mental health and well-being in a.changing climate: Perspectives from Inuit youth in Nunatsiavut, Labrador.
Social Science & Medicine, 141: 133-141.

MacFarling Meure, C., Etheridge, D.; Trudinger, C., Steele, P., Langenfelds, R., van Ommen, T., Smith, A. and Elkins,
J., 2006. Law Dome CO2, CH4 and N20 ice core records-extended to 2000 years BP. Geophysical Research
Letters, 33(14).

Mach, K.J. and Field, C.B., 2017. Toward the Next Generation of Assessment. Annual Review of Environment and
Resources, 42(1): 569-597.

Mach, K.J., Kraan, C.M., Adger, W.N., Buhaug, H., Burke, M., Fearon, J.D., Field, C.B., Hendrix, C.S., Maystadt, J.-F.
and O’Loughlin, J.;,2019. Climate as a risk factor for armed conflict. Nature: 1.

Mach, K.J., Mastrandrea, M.D., Bilir, T.E. and Field, C.B., 2016. Understanding and responding to danger from climate
change: the role of key risks‘in the IPCC ARS. Climatic Change, 136(3-4): 427-444.

Mach, K.J yMastrandrea, M.D., Freeman, P.T. and Field, C.B., 2017. Unleashing expert judgment in assessment.
Global environmental change, 44: 1-14.

MacKinnon, D..and Derickson; K:D., 2013. From resilience to resourcefulness: A critique of resilience policy and
activism. Progress.in Human Geography, 37(2): 253-270.

Magnan, A.K., Schipper, E.L.F. and Duvat, V.K.E., 2020. Frontiers in Climate Change Adaptation Science: Advancing
Guidelines:to Design Adaptation Pathways. Current Climate Change Reports, 6(4): 166-177.

Malm, A. and Hornborg, A., 2014. The geology of mankind? A critique of the Anthropocene narrative. Anthropocene
Review, 1(1): 62-69.

Maor, M., Tosun, J. and Jordan, A., 2017. Proportionate and disproportionate policy responses to climate change: core
concepts and empirical applications. Journal of Environmental Policy & Planning, 19(6): 599-611.

Marjanac, S., Patton, L. and Thornton, J., 2017. Acts of God, human influence and litigation. Nature Geoscience, 10(9):
616-619.

Markhvida, M., Walsh, B., Hallegatte, S. and Baker, J., 2020. Quantification of disaster impacts through household
well-being losses. Nature Sustainability: 1-10.

Mastrandrea, M.D., Field, C.B., Stocker, T.F., Edenhofer, O., Ebi, K.L., Frame, D.J., Held, H., Kriegler, E., Mach, K.J.
and Matschoss, P.R., 2010. Guidance note for lead authors of the IPCC fifth assessment report on consistent
treatment of uncertainties.

Mastrandrea, M.D. and Mach, K.J., 2011. Treatment of uncertainties in IPCC Assessment Reports: past approaches and
considerations for the Fifth Assessment Report. Climatic Change, 108(4): 659.

Do Not Cite, Quote or Distribute 1-90 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Mathes, G.H., van Dijk, J., Kiessling, W. and Steinbauer, M.J., 2021. Extinction risk controlled by interaction of long-
term and short-term climate change. Nature Ecology & Evolution, 5: 304-310.

Matthews, H.D., 2016. Quantifying historical carbon and climate debts among nations. Nature Climate Change, 6(1):
60-64.

Mavrodieva, A.V., Rachman, O.K., Harahap, V.B. and Shaw, R., 2019. Role of Social Media as a Soft Power Tool in
Raising Public Awareness and Engagement in Addressing Climate Change. Climate, 7(10): 122.

McDowell, G., Ford, J. and Jones, J., 2016. Community-level climate change vulnerability research: trends, progress,
and future directions. Environmental Research Letters, 11(3): 033001.

McNamara, K.E. and Jackson, G., 2019. Loss and damage: A review of the literature and directions for future research.
Wiley Interdisciplinary Reviews-Climate Change, 10(2).

McShane, K., 2017. Values and harms in loss and damage. Ethics, Policy & Environment, 20(2): 129-142.

Mechler, R., Calliari, E., Bouwer, L.M., Schinko, T., Surminski, S., Linnerooth-Bayer, J., Aerts, J., Botzen, W., Boyd,
E. and Deckard, N.D., 2019. Science for loss and damage. Findings and propositions, Loss and Damage from
Climate Change. Springer, pp. 3-37.

Mechler, R. and Schinko, T., 2016. Identifying the policy space for climate loss and damage. Science, 354(6310): 290-
292.

Meerow, S., Newell, J.P. and Stults, M., 2016. Defining urban resilience: A review. Landscape and Urban Planning,
147: 38-49.

Meijerink, S., Stiller, S., Keskitalo, E.C.H., Scholten, P., Smits, R. and van Lamoen, F., 2014. The role’of leadership in
regional climate change adaptation: a comparison of adaptation practices initiated by governmental and non-
governmental actors. Journal of Water and Climate Change, 6(1): 25-37.

Mellegérd, V. and Boonstra, W.J., 2020. Craftsmanship as a carrier of indigenous and local ecological knowledge:
photographic insights from Sami Duodji and archipelago fishing. Society & Natural Resources:1-21.

Metzger, J., Carlsson Kanyama, A., Wikman-Svahn, P., Mossberg Sonnek, K:;'Carstens, C.; Wester, M. and
Wedebrand, C., 2021. The flexibility gamble: challenges for mainstreaming flexible approaches to climate change
adaptation. Journal of Environmental Policy & Planning: 1-16.

Miller, C.A., O’Leary, J., Graffy, E., Stechel, E.B. and Dirks, G., 2015. Narrative futures.and the governance of energy
transitions. Futures, 70: 65-74.

Mimura, N., Pulwarty, R.S., Duc, D.M., Elshinnawy, I;; Redsteer, M.H., Huang, H.Q., Nkem, J.N. and Rodriguez,
R.A.S., 2014. Adaptation planning and implementation.n: C.B. Field, V:R: Barros, D.J. Dokken, K.J. Mach,
M.D. Mastrandrea, T.E. Bilir, M. Chatterjee; K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N.
Levy, S. MacCracken, P.R. Mastrandrea and L.L>White (Editors), Climate Change 2014: Impacts, Adaptation,
and Vulnerability. Part A: Global and:Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel of Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp..869-898.

Minx, J.C., Callaghan, M., Lamb, W.E.; Garard, J. and Edenhofer, O., 2017. Learning about climate change solutions in
the IPCC and beyond. Environmental Science & Policy, 77: 252-259.

Mistry, J., Bilbao, B.A. and Berardi, A., 2016. Community owned solutions for fire management in tropical
ecosystems: case studies from Indigenous communities of South America. Philosophical Transactions of the
Royal Society B:Biological Sciences;371(1696): 20150174.

Mitchell, R.B., Clark, W.C., Cash, D.W. and Dickson, N.M., 2006. Global environmental assessments: information and
influence. MIT Press.

Mitchell, S.D., 2009. Unsimple truths:‘Science, complexity, and policy. University of Chicago Press.

Moreau, V4 Neves, C/A.D.O. and Vuille; F., 2019. Is decoupling a red herring? The role of structural effects and
energy policies in Europe. Energy Policy, 128: 243-252.

Morgan, M.G.,2014. Use (and-abuse) of expert elicitation in support of decision making for public policy. Proceedings
of the'National Academy of Sciences, 111(20): 7176-7184.

Morgan, M.S. and Wise, M.N., 2017. Narrative science and narrative knowing. Introduction to special issue on
narrative seience. Studies in History and Philosophy of Science Part A, 62: 1-5.

Mortreux, C. and Barnett, J., 2017. Adaptive capacity: exploring the research frontier. WIREs Climate Change, 8(4).

Mortreux, C., O’Neill, S. and Barnett, J., 2020. Between adaptive capacity and action: new insights into climate change
adaptation at the household scale. Environmental Research Letters, 15(7): 074035.

Moser, S., Meerow, S., Arnott, J. and Jack-Scott, E., 2019a. The turbulent world of resilience: interpretations and
themes for transdisciplinary dialogue. Climatic Change, 153(1-2): 21-40.

Moser, S.C. and Boykoff, M.T., 2013. Successful adaptation to climate change: Linking science and policy in a rapidly
changing world. Routledge.

Moser, S.C., Ekstrom, J.A., Kim, J. and Heitsch, S., 2019b. Adaptation finance archetypes: local governments’
persistent challenges of funding adaptation to climate change and ways to overcome them. Ecology and Society,
24(2).

Moss, R.H., Edmonds, J.A., Hibbard, K.A., Manning, M.R., Rose, S.K., van Vuuren, D.P., Carter, T.R., Emori, S.,
Kainuma, M., Kram, T., Meehl, G.A., Mitchell, J.F.B., Nakicenovic, N., Riahi, K., Smith, S.J., Stouffer, R.J.,
Thomson, A.M., Weyant, J.P. and Wilbanks, T.J., 2010. The next generation of scenarios for climate change
research and assessment. Nature, 463(7282): 747-756.

Do Not Cite, Quote or Distribute 1-91 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Moss, R.H. and Schneider, S.H., 2000. Towards consistent assessment and reporting of uncertainties in the [IPCC TAR:
Initial recommendations for discussion by authors. New Delhi: TERI.

Muiderman, K., Gupta, A., Vervoort, J. and Biermann, F., 2020. Four approaches to anticipatory climate governance:
Different conceptions of the future and implications for the present. Wiley Interdisciplinary Reviews: Climate
Change, 11(6): e673.

Munia, H.A., Guillaume, J.H., Mirumachi, N., Wada, Y. and Kummu, M., 2018. How downstream sub-basins depend
on upstream inflows to avoid scarcity: typology and global analysis of transboundary rivers. Hydrol. Earth Syst.
Sci, 22: 2795-28009.

Mureva, A., Ward, D., Pillay, T., Chivenge, P. and Cramer, M., 2018. Soil organic carbon increases in Semi-arid
regions while it decreases in humid regions due to Woody-Plant encroachment of grasslands in South Africa.
Scientific reports, 8(1): 1-12.

Nadeau, C.P. and Urban, M.C., 2019. Eco-evolution on the edge during climate change. Ecography.

Nadin, R. and Roberts, a.E., 2018. Moving towards a growing global discourse on transboundary adaptation, ODI,
London, UK.

Nagy, G., Azeiteiro, U., Heimfarth, J., Verocai, J. and Li, C., 2018. An assessment of the relationships between extreme
weather events, vulnerability, and the impacts on human wellbeing in Latin America. International journal of
environmental research and public health, 15(9): 1802.

Nalau, J., Handmer, J., Dalesa, M., Foster, H., Edwards, J., Kauhiona, H., Yates, L. and Welegtabit, S., 2016. The
practice of integrating adaptation and disaster risk reduction in the south-west.Pacific. Climate and Development,
8(4): 365-375.

Nalau, J., Preston, B.L. and Maloney, M.C., 2015. Is adaptation a local responsibility? Environmental Science &
Policy, 48: 89-98.

Nalau, J., Torabi, E., Edwards, N., Howes, M. and Morgan, E., 2021. A critical exploration‘of adaptation heuristics.
Climate Risk Management, 32: 100292.

Nalau, J. and Verrall, B., 2021. Mapping the evolution and current trends. in elimate change adaptation science. Climate
Risk Management, 32: 100290.

National Academies of Sciences, Engineering,,and Medicine;, 2016. Attribution-of Extreme Weather Events in the
Context of Climate Change. The National Academies Press, Washington, DC; 186 pp.

National Research Council, 2009. Informing decisions<n a.changing climate. National Academies Press.

Nauels, A., Giitschow, J., Mengel, M., Meinshausen, M., Clark, P.U. and Schleussner, C.-F., 2019. Attributing long-
term sea-level rise to Paris Agreement emission pledges. Proceedings of the National Academy of Sciences,
116(47): 23487-23492.

Naveau, P., Ribes, A.l., Zwiers, F., Hannart; A.; Tuel, A. and Yiou, P., 2018. Revising Return Periods for Record
Events in a Climate Event Attribution. Context. Journal'of Climate, 31(9): 3411-3422.

ND-GAIN, 2019. ND-GAIN Country Index. In:"U.0.N. Dame (Editor).

NEAA, 2010. Assessing an IPCC Assessment: An Analysis.of Statements on Projected Regional Impacts in the 2007
Report. Netherlands Environmental Assessment Agency.

Neaves, T.T. and Royer, G.A=:2017.:The social'construction of disasters in the United States: A historical and cultural
phenomenon. Journal of emergency management, 15(3): 175-187.

Nepstad, D., Schwartzman, S., Bamberger;B., Santilli, M., Ray, D., Schlesinger, P., Lefebvre, P., Alencar, A., Prinz, E.
and Fiske, G., 2006: Inhibition of Amazon deforestation and fire by parks and indigenous lands. Conservation
biology, 20(1): 65-73:

Nesshover, C., Assmuth, T., Irvine, KiN., Rusch, G.M., Waylen, K.A., Delbaere, B., Haase, D., Jones-Walters, L.,
Keune; H. and Kovacs, E., 2017. The science, policy and practice of nature-based solutions: An interdisciplinary
perspective, Science of the Total Environment, 579: 1215-1227.

Nightingale, A.J:, 2015asAdaptivesscholarship and situated knowledges? Hybrid methodologies and plural
epistemologies in.climate change adaptation research. Area, 48(1): 41-47.

Nightingale, A.J., 2015b. A socionature approach to adaptation, Climate change adaptation and development.
ROUTLEDGE in association with GSE Research, pp. 219-234.

Nightingale, A.J.,-Eriksen, S., Taylor, M., Forsyth, T., Pelling, M., Newsham, A., Boyd, E., Brown, K., Harvey, B. and
Jones, L., 2019. Beyond Technical Fixes: climate solutions and the great derangement. Climate and Development:
1-10.

Noble, I.R., Hug, S., Anokhin, Y.A., Carmin, J., Goudou, D., Lansigan, F.P., Osman-Elasha, B. and Villamizar, A.,
2014. Adaptation needs and options. In: C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S.
MacCracken, P.R. Mastrandrea and L.L. White (Editors), Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel of Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 833-868.

Nogués-Bravo, D., Rodriguez-Sanchez, F., Orsini, L., de Boer, E., Jansson, R., Morlon, H., Fordham, D.A. and
Jackson, S.T., 2018. Cracking the Code of Biodiversity Responses to Past Climate Change. Trends in Ecology &
Evolution, 33(10): 765-776.

Do Not Cite, Quote or Distribute 1-92 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Nunn, P.D., Runman, J., Falanruw, M. and Kumar, R., 2016. Culturally grounded responses to coastal change on
islands in the Federated States of Micronesia, northwest Pacific Ocean. Regional Environmental Change, 17(4):
959-971.

Nursey-Bray, M., Palmer, R., Smith, T.F. and Rist, P., 2019. Old ways for new days: Australian Indigenous peoples and
climate change. Local Environment, 24(5): 473-486.

O'Neill, B.C., Oppenheimer, M., Warren, R., Hallegatte, S., Kopp, R.E., Portner, H.O., Scholes, R., Birkmann, J.,
Foden, W. and Licker, R., 2017. IPCC reasons for concern regarding climate change risks. Nature Climate
Change, 7(1): 28.

O’Brien, K., 2011. Global environmental change II: From adaptation to deliberate transformation. Progress in Human
Geography, 36(5): 667-676.

O’Brien, K. and Sygna, L., 2013. Responding to climate change: the three spheres of transformation. Proceedings of
transformation in a changing climate: 19-21.

O’Neill, B.C., Kriegler, E., Ebi, K.L., Kemp-Benedict, E., Riahi, K., Rothman, D.S., van Ruijven, B.J., van Vuuren,
D.P., Birkmann, J. and Kok, K., 2017. The roads ahead: Narratives for shared socioeconomic pathways describing
world futures in the 21st century. Global Environmental Change, 42: 169-180.

Oberlack, C., 2017. Diagnosing institutional barriers and opportunities for adaptation to climate change. Mitigation and
Adaptation Strategies for Global Change, 22(5): 805-838.

Oberlack, C. and Eisenack, K., 2014. Alleviating barriers to urban climate change adaptation through international
cooperation. Global Environmental Change, 24: 349-362.

Oberlack, C. and Eisenack, K., 2018. Archetypical barriers to adapting water governance in river basins to climate
change. Journal of Institutional Economics, 14(3): 527-555.

OECD, 2012. Incorporating Green Growth and Sustainable Development Policies into Structural.Reform Agendas.
Organisation for Economic Co-operation and Development, 19.

Olazabal, M., Chu, E., Castan Broto, V. and Patterson, J., 2021. Subaltern forms of knowledge are'required to boost
local adaptation. One Earth, 4(6): 828-838.

Olazabal, M., Galarraga, 1., Ford, J., Sainz De Murieta, E. and Lesnikowski, A., 2019. Are local climate adaptation
policies credible? A conceptual and operational assessment framework. International Journal of Urban Sustainable
Development, 11(3): 277-296.

Oppenheimer, M., Campos, M., Warren, R., Birkmann; J., Euber, G., O’Neill, B. and Takahashi, K., 2014. Emergent
risks and key vulnerabilities. In: C.B. Field, V.R. Barros; D.J. Dokken, K:J. Mach, M.D. Mastrandrea, T.E. Bilir,
M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C2Genova, B. Girma; E.S. Kissel, A.N. Levy, S. MacCracken, P.R.
Mastrandrea and L.L. White (Editors), Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A:
Global and Sectoral Aspects. Contribution.of Working Group 1I to the Fifth Assessment Report of the
Intergovernmental Panel of Climate Change. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA, pp. 1039-1099:

Oppenheimer, M., Oreskes, N., Jamieson, D4 Brysse, K., O’Reilly, J., Shindell, M. and Wazeck, M., 2019. Discerning
Experts: The Practices of Scientific:Assessment for Environmental Policy. University of Chicago Press.

Orlove, B., Roncoli, C., Kabugo, M.'and Majugu, A., 2010. Indigenous climate knowledge in southern Uganda: the
multiple components of a dynamic regional system. Climatic Change, 100(2): 243-265.

Orlove, B., Shwom, R.; Markowitz, E. andCheong, S.-M., 2020. Climate Decision-Making. Annual Review of
Environment and Resources, 45(1): 271-303.

Ortega-Rosas, C.I-, Pefialba; M.C. and Guiot, J., 2008. Holocene altitudinal shifts in vegetation belts and environmental
changes in the Sierra MadreOccidental, Northwestern Mexico, based on modern and fossil pollen data. Review of
Palaeobotany.and Palynology, 151(1): 1-20.

Otto, F.E., Skeie; R.B., Fuglestvedt,J.S., Berntsen, T. and Allen, M.R., 2017. Assigning historic responsibility for
extreme.weather events. Nature Climate Change, 7(11): 757.

Otto, F.E.L:yHarrington, L.J., Frame, D., Boyd, E., Lauta, K.C., Wehner, M., Clarke, B., Raju, E., Boda, C., Hauser,
M., James, R:A. andJones, R.G., 2020a. Toward an Inventory of the Impacts of Human-Induced Climate Change.
Bulletin of-the American Meteorological Society, 101(11): E1972-E1979.

Otto, I.M., Donges; J.F., Cremades, R., Bhowmik, A., Hewitt, R.J., Lucht, W., Rockstrém, J., Allerberger, F.,
McCaffrey, M., Doe, S.S.P., Lenferna, A., Moran, N., van Vuuren, D.P. and Schellnhuber, H.J., 2020b. Social
tipping dynamics for stabilizing Earth’s climate by 2050. Proceedings of the National Academy of Sciences,
117(5): 2354-2365.

Owen, G., 2020. What makes climate change adaptation effective? A systematic review of the literature. Global
Environmental Change, 62: 102071.

Pachauri, R.K., Allen, M.R., Barros, V.R., Broome, J., Cramer, W., Christ, R., Church, J.A., Clarke, L., Dahe, Q. and
Dasgupta, P., 2014. Climate change 2014: synthesis report. Contribution of Working Groups I, II and III to the
fifth assessment report of the Intergovernmental Panel on Climate Change. Ipcc.

Palmisano, A., Lawrence, D., de Gruchy, M.W., Bevan, A. and Shennan, S., 2021. Holocene regional population
dynamics and climatic trends in the Near East: A first comparison using archaeo-demographic proxies.
Quaternary Science Reviews, 252: 106739.

Papathoma-Kohle, M., Promper, C. and Glade, T., 2016. A Common Methodology for Risk Assessment and Mapping
of Climate Change Related Hazards-Implications for Climate Change Adaptation Policies. Climate, 4(1).

Do Not Cite, Quote or Distribute 1-93 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Pardoe, J., Vincent, K. and Conway, D., 2018. How do staff motivation and workplace environment affect capacity of
governments to adapt to climate change in developing countries? Environmental Science & Policy, 90: 46-53.

Park, J., Park, J., Yi, S., Cheul Kim, J., Lee, E. and Choi, J., 2019. Abrupt Holocene climate shifts in coastal East Asia,
including the 8.2 ka, 4.2 ka, and 2.8 ka BP events, and societal responses on the Korean peninsula. Scientific
Reports, 9(1): 10806.

Park, S.E., Marshall, N.A., Jakku, E., Dowd, A.M., Howden, S.M., Mendham, E. and Fleming, A., 2012. Informing
adaptation responses to climate change through theories of transformation. Global Environmental Change, 22(1):
115-126.

Parmesan, C., Burrows, M.T., Duarte, C.M., Poloczanska, E.S., Richardson, A.J., Schoeman, D.S. and Singer, M.C.,
2013. Beyond climate change attribution in conservation and ecological research. Ecology Letters, 16(s1): 58-71.

Parmesan, C. and Yohe, G., 2003. A globally coherent fingerprint of climate change impacts across natural systems.
Nature, 421(6918): 37-42.

Parrique, T., Barth, J., Briens, F., Kuokkanen, A. and Spangenberg, J., 2019. Evidence and arguments against green
growth as a sole strategy for sustainability.

Pasgaard, M., Van Hecken, G., Ehammer, A. and Strange, N., 2017. Unfolding scientific expertise and security in the
changing governance of Ecosystem Services. Geoforum, 84: 354-367.

Pearce, W., Niederer, S., Ozkula, S.M. and Sanchez Querubin, N., 2019. The social media life of climate change:
Platforms, publics, and future imaginaries. WIREs Climate Change, 10(2): €569.

Pei, Q., Lee, H.F. and Zhang, D.D., 2018. Long-term association between climate change and agriculturalists’
migration in historical China. The Holocene, 28(2): 208-216.

Pelling, M. and Garschagen, M., 2019. Put equity first in climate adaptation. Nature, 569(7756):327-329.

Pelling, M. and Manuel-Navarrete, D., 2011. From resilience to transformation: the adaptive cycle in two Mexican
urban centers. Ecology and Society, 16(2).

Pelling, M., O’Brien, K. and Matyas, D., 2015. Adaptation and transformation:"Climatic Change, 133(1): 113-127.

Penn, J.L., Deutsch, C., Payne, J.L. and Sperling, E.A., 2018. Temperature-dependent hypoxia explains biogeography
and severity of end-Permian marine mass extinction. Science, 362(6419): eaat1327.

Persson, A., 2019a. Global adaptation governance: An emerging but contested domain.. WIREs Climate Change, 10(6).

Persson, A., 2019b. Global adaptation governance: An emerging but contested domain: Wiley Interdisciplinary
Reviews: Climate Change, 10(6): e618.

Persson, A., Eckerberg, K. and Nilsson, M., 2016. Institutionalization or witheraway? Twenty-five years of
environmental policy integration under shifting governance models.in Sweden. Environment and Planning C:
Government and Policy, 34(3): 478-495.

Pescaroli, G. and Alexander, D., 2018. Understanding Compound, Interconnected, Interacting, and Cascading Risks: A
Holistic Framework. Risk Analysis, 38(11): 2245-2257.

Petzold, J., Andrews, N., Ford, J.D., Hedemann; C. and Postigo, J.C., 2020. Indigenous knowledge on climate change
adaptation: a global evidence'map’of academic literature. Environmental Research Letters, 15(11): 113007.
Philip, S., Kew, S., van Oldenbergh, G.J.;Otto, F., Vautard, R., van der Wiel, K., King, A., Lott, F., Arrighi, J., Singh,
R. and van Aalst, M., 2020. A protocol forprobabilistic extreme event attribution analyses. Adv. Stat. Clim.

Meteorol. Oceanogrs, 6(2): 177-203.

Pielke, R.A., 1998. Rethinking the role of-adaptation in climate policy. Global Environmental Change, 8(2): 159-170.

Pilato, G., Sallu, S. and Gaworek-Michalczenia, M., 2018. Assessing the integration of climate change and
development strategies at locallevels: Insights from Muheza District, Tanzania. Sustainability, 10(1): 174.

Pinsky, M.L., Eikeset,’A.M., McCauley, D.J., Payne, J.L. and Sunday, J.M., 2019. Greater vulnerability to warming of
marine versus.terrestrial ectotherms. Nature, 569(7754): 108-111.

Polanyi, K., 1957. The Great Transformation: The Political and Economic Origins of Our Time.

Poloczanskay E.S., Brown, C.J:; Sydeman, W.J., Kiessling, W., Schoeman, D.S., Moore, P.J., Brander, K., Bruno, J.F.,
Buckley, L.B., Burrows, M.T., Duarte, C.M., Halpern, B.S., Holding, J., Kappel, C.V., O’Connor, M.I., Pandolfi,
J.M., Parmesan, C., Schwing, F., Thompson, S.A. and Richardson, A.J., 2013. Global imprint of climate change
on marine life. Nature Climate Change, 3(10): 919-925.

Polsky, C., Neff, Riand Yarnal, B., 2007. Building comparable global change vulnerability assessments: The
vulnerability secoping diagram. Global Environmental Change, 17(3-4): 472-485.

Porter, J.J., Demeritt, D. and Dessai, S., 2015. The right stuff? informing adaptation to climate change in British Local
Government. Global Environmental Change, 35: 411-422.

Portner, H., Scholes, R., Agard, J., Archer, E., Arneth, A., Bai, X., Barnes, D., Burrows, M., Chan, L. and Cheung, W.,
2021. IPBES-IPCC co-sponsored workshop report on biodiversity and climate change.

Portner, H.-O., 2021. Climate impacts on organisms, ecosystems and human societies: integrating OCLTT into a wider
context. The Journal of Experimental Biology, 224(Suppl 1): jeb238360.

Potts, R., 1998. Variability selection in hominid evolution. Evolutionary Anthropology: Issues, News, and Reviews,
7(3): 81-96.

Potts, R., Dommain, R., Moerman, J.W., Behrensmeyer, A.K., Deino, A.L., Riedl, S., Beverly, E.J., Brown, E.T.,
Deocampo, D., Kinyanjui, R., Lupien, R., Owen, R.B., Rabideaux, N., Russell, J.M., Stockhecke, M., deMenocal,
P., Faith, J.T., Garcin, Y., Noren, A., Scott, J.J., Western, D., Bright, J., Clark, J.B., Cohen, A.S., Keller, C.B.,
King, J., Levin, N.E., Brady Shannon, K., Muiruri, V., Renaut, R.W., Rucina, S.M. and Uno, K., 2020. Increased

Do Not Cite, Quote or Distribute 1-94 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

ecological resource variability during a critical transition in hominin evolution. Science Advances, 6(43):
eabc8975.

Prabhakar, S.V.R.K., S.B. Raj and Corral, a.A.F., 2018. Transboundary Impacts of Climate Change in Asia: Making a
Case for Regional Adaptation Planning and Cooperation, Institute for Global Environmental Strategies, Hayama,
Japan.

Preston, B.L., Mustelin, J. and Maloney, M.C., 2013. Climate adaptation heuristics and the science/policy divide.
Mitigation and Adaptation Strategies for Global Change, 20(3): 467-497.

Preston, C.J., 2017. Challenges and opportunities for understanding non-economic loss and damage. Ethics, Policy &
Environment, 20(2): 143-155.

Radchuk, V., Reed, T., Teplitsky, C., van de Pol, M., Charmantier, A., Hassall, C., Adamik, P., Adriaensen, F., Ahola,
M.P. and Arcese, P., 2019. Adaptive responses of animals to climate change are most likely insufficient. Nature
communications, 10(1): 1-14.

Raia, P., Mondanaro, A., Melchionna, M., Di Febbraro, M., Diniz-Filho, J.A.F., Rangel, T.F., Holden, P.B., Carotenuto,
F., Edwards, N.R., Lima-Ribeiro, M.S., Profico, A., Maiorano, L., Castiglione, S., Serio, C. and Rook, L., 2020.
Past Extinctions of Homo Species Coincided with Increased Vulnerability to Climatic Change. One Earth, 3(4):
480-490.

Ran, M. and Chen, L., 2019. The 4.2 ka BP climatic event and its cultural responses. Quaternary International, 521:
158-167.

Rao, N.D. and Min, J., 2018. Decent Living Standards: Material Prerequisites for Human Wellbeing. Social Indicators
Research, 138(1): 225-244.

Raupach, M.R., Marland, G., Ciais, P., Le Quéré, C., Canadell, J.G., Klepper, G. and Field, C.B.;2007. Global and
regional drivers of accelerating CO<sub>2</sub> emissions. Proceedings of the National Academy of Sciences,
104(24): 10288-10293.

Raworth, K., 2017. Doughnut economics: seven ways to think like a 21st-century economist./Chelsea Green Publishing.

Ray, D.K., Gerber, J.S., MacDonald, G.K. and West, P.C., 2015. Climate variation explains a third of global crop yield
variability. Nature Communications, 6(1): 5989.

Reckien, D., Creutzig, F., Fernandez, B., Lwasa, S., Tovar-Restrepo, M., McEvoy, D. and Satterthwaite, D., 2017.
Climate change, equity and the Sustainable Development Goals: an urban perspective. Environment and
urbanization, 29(1): 159-182.

Reckien, D., Salvia, M., Heidrich, O., Church, J.M., Pietrapertosa, F., de Gregorio-Hurtado, S., d'Alonzo, V., Foley, A.,
Simoes, S.G. and Lorencova, E.K., 2018. How are cities planning to respond to climate change? Assessment of
local climate plans from 885 cities in the EU-28.Journal ofcleaner production, 191: 207-219.

Reckien, D., Salvia, M., Pietrapertosa, F., Simoes, S.G., Olazabal, M., De Gregorio Hurtado, S., Geneletti, D., Krkoska
Lorencova, E., D'Alonzo, V., Krook-Riekkola, A., Fokaides, P.A., Toannou, B.1., Foley, A., Orru, H., Orru, K.,
Wejs, A., Flacke, J., Church, J.M., Eeliu, E., Vasilie, S., Nador, C., Matosovi¢, M., Flamos, A., Spyridaki, N.A.,
Balzan, M.V., Fiilop, O., Grafakes, S.,Paspaldzhiev, I..and Heidrich, O., 2019. Dedicated versus mainstreaming
approaches in local climate plans in‘Europe. Renewable and Sustainable Energy Reviews, 112: 948-959.

Redclift, M., 2005. An oxymoron comes of agesustainable development (1987-2005). Sustainable Development, 13:
212-227.

Reddin, C.J., Kocsis, A{T. and Kiessling, W:, 2018. Marine invertebrate migrations trace climate change over 450
million years. Global Ecology and Biogeography, 27(6): 704-713.

Reddin, C.J., Nitscher, P.S4 KocsisyA.T.y Portner, H.-O. and Kiessling, W., 2020. Marine clade sensitivities to climate
change conform across timescales. Nature Climate Change, 10(3): 249-253.

Reghezza-Zitt; M.; Rufat, S., Djament-Tran, G., Le Blanc, A. and Lhomme, S., 2012. What Resilience Is Not: Uses and
Abuses. Cybergeo.

Rehdanz, K:;:Welsch, H4 Narita, D: and Okubo, T., 2015. Well-being effects of a major natural disaster: The case of
Fukushima. Journal of Economic Behavior & Organization, 116: 500-517.

Renn, O., 2008. Risk governance: coping with uncertainty in a complex world.

Ribes, A., Qasmi;S. and Gillett, N.P., 2021. Making climate projections conditional on historical observations. Science
Advances, 7(4): eabc0671.

Richerson, P.J., Boyd, R. and Bettinger, R.L., 2001. Was Agriculture Impossible during the Pleistocene but Mandatory
during the Holocene? A Climate Change Hypothesis. American Antiquity, 66(3): 387-411.

Riris, P. and Arroyo-Kalin, M., 2019. Widespread population decline in South America correlates with mid-Holocene
climate change. Scientific Reports, 9(1): 6850.

Rittel, H. and Webber, M., 1973. Dilemmas in a General Theory of Planning. Policy Sciences, 4: 155-169.

Roberts, E. and Pelling, M., 2016. Climate change-related loss and damage. Climate and Development: 1-14.

Robinson, S.-a., 2020. Climate change adaptation in SIDS: A systematic review of the literature pre and post the [PCC
Fifth Assessment Report. WIREs Climate Change, 11(4): e653.

Rockman, M. and Hritz, C., 2020. Expanding use of archaeology in climate change response by changing its social
environment. Proceedings of the National Academy of Sciences, 117(15): 8295-8302.

Roe, E., 1994. Narrative policy analysis: Theory and practice. Duke University Press.

Roe, E., 2017. Except-Africa: Remaking development, rethinking power. Routledge.

Do Not Cite, Quote or Distribute 1-95 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Roe, E.M., 1991. Development narratives, or making the best of blueprint development. World development, 19(4):
287-300.

Roggero, M., 2015. Adapting institutions: exploring climate adaptation through institutional economics and set
relations. Ecological Economics, 118: 114-122.

Rohling, E.J., Marino, G., Grant, K.M., Mayewski, P.A. and Weninger, B., 2019. A model for archaeologically relevant
Holocene climate impacts in the Aegean-Levantine region (easternmost Mediterranean). Quaternary Science
Reviews, 208: 38-53.

Rosa, E.A. and Dietz, T., 2012. Human drivers of national greenhouse-gas emissions. Nature Climate Change, 2(8):
581-586.

Rose, S. and and M. Scott, M., 2020. Review of 1.5°C and Other Newer Global Emissions Scenarios: Insights for
Company and Financial Climate Low-Carbon Transition Risk Assessment and Greenhouse Gas Goal Setting.
EPRI, Palo Alto, CA, USA.

Rose, S. and Scott, a.M., 2018. Grounding Decisions: A Scientific Foundation for Companies Considering Global
Climate Scenarios and Greenhouse Gas Goals. EPRI, Palo Alto, CA, USA.

Rotmans, J., Kemp, R. and Van Asselt, M., 2001. More evolution than revolution: transition management in public
policy. foresight, 3(1): 15-31.

Rufat, S., Tate, E., Burton, C.G. and Maroof, A.S., 2015. Social vulnerability to floods: Review of case studies and
implications for measurement. International Journal of Disaster Risk Reduction, 14: 470-486.

Russel, D., Castellari, S., Capriolo, A., Dessai, S., Hildén, M., Jensen, A., Karali, E:, Mékinen, K., Orsted Nielsen, H.,
Weiland, S., den Uyl, R. and Tréltzsch, J., 2020. Policy Coordination for National Climate Change Adaptation in
Europe: All Process, but Little Power. Sustainability, 12(13): 5393.

Sachs, J.D., 2015. Goal-based development and the SDGs: implications for development finance. Oxford Review of
Economic Policy, 31(3-4): 268-278.

Saltré, F., Chadoeuf, J., Peters, K.J., McDowell, M.C., Friedrich, T., Timmermann, A., Ulm;-S. and Bradshaw, C.J.A.,
2019. Climate-human interaction associated with southeast Australian megafauna extinction patterns. Nature
Communications, 10(1): 5311.

Sandom, C., Faurby, S., Sandel, B. and Svenning, J.-C., 2014. Global late Quaternary megafauna extinctions linked to
humans, not climate change. Proceedings of the Royal Society B: Biological Sciences, 281(1787).

Sangha, K.K., Maynard, S., Pearson, J., Dobriyal, P., Badola, R. and Hussain, S.A., 2019. Recognising the role of local
and Indigenous communities in managing natural resources for the greater public benefit: Case studies from Asia
and Oceania region. Ecosystem Services, 39:.100991.

Santer, B.D., Fyfe, J.C., Solomon, S., Painter, J.F., Bonfils, C., Pallotta, G.'and Zelinka, M.D., 2019. Quantifying
stochastic uncertainty in detection time of human-caused climate signals. Proceedings of the National Academy of
Sciences, 116(40): 19821-19827.

Sauer, 1., Reese, R., Otto, C., Geiger, T., Willner, S.N., Guillod, B., Bresch, D. and Frieler, K., 2021. Climate Signals in
River Flood Damages Emerge under Sound Regional Disaggregation. Nature Nature Portfolio.

Schaller, N., Kay, A.L., Lamb, R.; Massey, N.R., van Oldenborgh, G.J., Otto, F.E.L., Sparrow, S.N., Vautard, R., Yiou,
P., Ashpole, 1., Bowery;A., Crooks, S.M.yHaustein, K., Huntingford, C., Ingram, W.J., Jones, R.G., Legg, T.,
Miller, J., Skeggs, J.5 Wallom, D., Weisheimer, A., Wilson, S., Stott, P.A. and Allen, M.R., 2016. Human
influence on climate inthe 2014 southern England winter floods and their impacts. Nature Climate Change, 6(6):
627-634.

Scheffer, M., Carpenter, S.; Foley, J/AA., Folke; C. and Walker, B., 2001. Catastrophic shifts in ecosystems. Nature,
413(6856): 591.

Scheffer, M:, Carpenter, S.R., Dakos, V.iand van Nes, E.H., 2015. Generic indicators of ecological resilience: inferring
the chance of a critical transition. Annual Review of Ecology, Evolution, and Systematics, 46: 145-167.

Scheffer, M.; Carpenter,S.R., Lenton, T.M., Bascompte, J., Brock, W., Dakos, V., Van de Koppel, J., Van de Leemput,
ILA., Levin, S.A.“and Van Nes, E.H., 2012. Anticipating critical transitions. science, 338(6105): 344-348.

Scheffer, M., van Nes, E.H., Bird, D., Bocinsky, R.K. and Kohler, T.A., 2021. Loss of resilience preceded
transformations of pre-Hispanic Pueblo societies. Proceedings of the National Academy of Sciences, 118(18):
€2024397118:

Schipper, E.L.F., 2006. Conceptual History of Adaptation in the UNFCCC Process. Review of European Community &
International Environmental Law, 15(1): 82-92.

Schipper, E.L.F. and Burton, 1., 2009. Understanding adaptation: origins, concepts, practice and policy. The earthscan
reader on adaptation to climate change. London, UK and Sterling, VA, USA: 1-9.

Schipper, E.L.F., Eriksen, S.E., Fernandez Carril, L.R., Glavovic, B.C. and Shawoo, Z., 2020. Turbulent
transformation: abrupt societal disruption and climate resilient development. Climate and Development, 13(6):
467-474.

Schipper, E.L.F., Thomalla, F., Vulturius, G., Davis, M. and Johnson, K., 2016. Linking disaster risk reduction, climate
change and development. International Journal of Disaster Resilience in the Built Environment, 7(2): 216-228.

Schlosberg, D., 2003. The justice of environmental justice: reconciling equity, recognition, and participation in a
political movement. In: Moral and Political Reasoning in Environmental Practice. Moral and political reasoning
in environmental practice, 77: 106.

Schlosberg, D., 2009. Defining environmental justice: theories, movements, and nature. Oxford University Press.

Do Not Cite, Quote or Distribute 1-96 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Schlosberg, D., 2013. Theorising environmental justice: the expanding sphere of a discourse. Environmental politics,
22(1): 37-55.

Schoen, D. and and Rein, M., 1994. Reframing: Towards the resolution of intractable policy controversies. Basic
Books, New York.

Schwab, K., 2017. The fourth industrial revolution. Currency.

Schwalm, C.R., Glendon, S. and Duffy, P.B., 2020. RCP8.5 tracks cumulative CO(2) emissions. Proceedings of the
National Academy of Sciences of the United States of America, 117(33): 19656-19657.

Schwindt, D.M., Bocinsky, R.K., Ortman, S.G., Glowacki, D.M., Varien, M.D. and Kohler, T.A., 2016. The social
consequences of climate change in the central Mesa Verde region. American Antiquity, 81(1): 74-96.

Scoones, 1., Leach, M. and Newell, P., 2015. The politics of green transformations. Routledge.

Seddon, N., Turner, B., Berry, P., Chausson, A. and Girardin, C.A., 2019. Grounding nature-based climate solutions in
sound biodiversity science. Nature Climate Change, 9(2): 84-87.

Sekulova, F. and van den Bergh, J.C.J.M., 2013. Climate change, income and happiness: An empirical study for
Barcelona. Global Environmental Change-Human and Policy Dimensions, 23(6): 1467-1475.

Sen, A., 1985. Well-Being, Agency and Freedom: The Dewey Lectures 1984. The Journal of Philosophy, 82(4): 169-
221.

Sengupta, T., Deshpande Mukherjee, A., Bhushan, R., Ram, F., Bera, M.K., Raj, H., Dabhi, A.J., Bisht, R.S.; Rawat,
Y.S., Bhattacharya, S.K., Juyal, N. and Sarkar, A., 2020. Did the Harappan settlement of Dholavira(India)
collapse during the onset of Meghalayan stage drought? Journal of Quaternary Science, 35(3): 382-395.

Sera, F., Hashizume, M., Honda, Y., Lavigne, E., Schwartz, J., Zanobetti, A., Tobias, A., Iiiiguez, C., Vicedo-Cabrera,
A.M., Blangiardo, M., Armstrong, B. and Gasparrini, A., 2020. Air Conditioning and Heat-related Mortality: A
Multi-country Longitudinal Study. Epidemiology, 31(6): 779-787.

Serdeczny, O., Waters, E. and Chan, S., 2016. Non-economic loss and damage in the context of climate change:
understanding the challenges, German Development Institute/Deutsches Institut fiir Entwicklungspolitik (DIE).

Setzer, J. and Higham, C., 2021. Global trends in climate change litigation: 2021 snapshot, Grantham Research Institute
on Climate Change and the Environment and Centre for Climate Change Econemics and Policy, London School
of Economics and Political Science, London.

Shepherd, T.G., Boyd, E., Calel, R.A., Chapman, S.C., Dessai, S., Dima-West, [.M:, Fowler, H.J., James, R., Maraun,
D. and Martius, O., 2018. Storylines: an alternative approach to representing uncertainty in physical aspects of
climate change. Climatic change, 151(3-4): 555-571.

Siders, A.R., 2019a. Adaptive capacity to climate:change: A synthesis of concepts, methods, and findings in a
fragmented field. WIREs Climate Change, 10(3):

Siders, A.R., 2019b. Social justice implications'of US managed retreat buyout programs. Climatic Change, 152(2): 239-
257.

Siders, A.R. and Keenan, J.M., 2020.-Variables'shaping coastal adaptation decisions to armor, nourish, and retreat in
North Carolina. Ocean & CoastalManagement,183: 105023.

Siders, A.R. and Pierce, A.L., 2021. Deciding how to make climate change adaptation decisions. Current Opinion in
Environmental Sustainability, 52: 1-8.

Sieber, .M., Biesbroek, Ri and de Block, D.;2018. Mechanism-based explanations of impasses in the governance of
ecosystem-based.adaptation. Regional-Environmental Change, 18(8): 2379-2390.

Sietsma, A.J., Ford, J.D.;Callaghan, M.W. and Minx, J.C., 2021. Progress in climate change adaptation research.
Environmental Research Letters, 16(5): 054038.

Simpson, e.a., In review. Assessing and responding to complex risk in a changing climate.

Singer, D.J;;2019:.Diversity, notrandomness, trumps ability. Philosophy of Science, 86(1): 178-191.

Singh, C., Ford, I., Ley, D., Bazaz, A. and Revi, A., 2020. Assessing the feasibility of adaptation options:
methodological advancements and directions for climate adaptation research and practice. Climatic Change,
162(2):255-277.

Singh, C., Iyer, S.,New, M., Few, R., Kuchimanchi, B., Segnon, A.C. and and Morchain, D., 2021. Interrogating
‘effectiveness’ in climate change adaptation: 11 guiding principles for adaptation research and practice. Climate
and Development.

Singh, N.P., Anand, B. and Khan, M.A., 2018. Micro-level perception to climate change and adaptation issues: A
prelude to mainstreaming climate adaptation into developmental landscape in India. Natural Hazards, 92(3): 1287-
1304.

Skeie, R.B., Fuglestvedt, J., Berntsen, T., Peters, G.P., Andrew, R., Allen, M. and Kallbekken, S., 2017. Perspective has
a strong effect on the calculation of historical contributions to global warming. Environmental Research Letters,
12(2): 024022.

Slater, S.M., Twitchett, R.J., Danise, S. and Vajda, V., 2019. Substantial vegetation response to Early Jurassic global
warming with impacts on oceanic anoxia. Nature Geoscience, 12(6): 462-467.

Smith, A., VoB, J.-P. and Grin, J., 2010. Innovation studies and sustainability transitions: The allure of the multi-level
perspective and its challenges. Research Policy, 39(4): 435-448.

Smith, R. and Botha, J., 2005. The recovery of terrestrial vertebrate diversity in the South African Karoo Basin after the
end-Permian extinction. Comptes Rendus Palevol, 4(6): 623-636.

Do Not Cite, Quote or Distribute 1-97 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Smithers, J. and Smit, B., 1997. Human adaptation to climatic variability and change. Global Environmental Change,
7(2): 129-146.

Solecki, W., Pelling, M. and and Garschagen, M., 2017. A framework for urban risk management regime shifts.
Ecology and Society, 22(2): 38.

Song, H., Kemp, D.B., Tian, L., Chu, D., Song, H. and Dai, X., 2021. Thresholds of temperature change for mass
extinctions. Nature Communications, 12(1): 4694.

Spielman, S.E., Tuccillo, J., Folch, D.C., Schweikert, A., Davies, R., Wood, N. and Tate, E., 2020. Evaluating social
vulnerability indicators: criteria and their application to the Social Vulnerability Index. Natural Hazards, 100(1):
417-436.

Stanley, S.M., 2016. Estimates of the magnitudes of major marine mass extinctions in earth history. Proceedings of the
National Academy of Sciences, 113(42): E6325-E6334.

Stockholm Resilience Center, 2015. Principles for Building Resilience: Sustaining Ecosystem Services in Social-
Ecological Systems. Cambridge University Press, Cambridge.

Stone, D., Auffhammer, M., Carey, M., Hansen, G., Huggel, C., Cramer, W., Lobell, D., Molau, U., Solow, A., Tibig,
L. and Yohe, G., 2013. The challenge to detect and attribute effects of climate change on human and natural
systems. Climatic Change, 121(2): 381-395.

Stone, D.A., Rosier, S.M. and Frame, D.J., 2021. The question of life, the universe and event attribution. Nature
Climate Change, 11(4): 276-278.

Storch, H.V., 2018. The temporal dimension of coastal adaptation to climate change, The 9th Chinese-German Joint
Symposium on Hydraulic and Ocean Engineering (CGJOINT 2018). National Cheng Kung University, Tainan,
Taiwan, pp. 53-58.

Stott, P.A., Christidis, N., Otto, F.E.L., Sun, Y., Vanderlinden, J.-P., van Oldenborgh, G.J., Vautard, R., von Storch, H.,
Walton, P., Yiou, P. and Zwiers, F.W., 2016. Attribution of extreme weather and climate-related events. WIREs
Climate Change, 7(1): 23-41.

Suding, K.N. and Hobbs, R.J., 2009. Threshold models in restoration and conservation: a developing framework.
Trends in ecology & evolution, 24(5): 271-279.

Sukumar, R., Sharma, J.K., Chaturvedi, R.K. and Ravindranath, N., 2016. the impacts of ¢limate change on
Biodiversity and Ecosystems in India. Tropical Conservation: Perspectives on Local and Global Priorities, 89.

Sun, J. and Yang, K., 2016. The wicked problem of climate'change: A new approach based on social mess and
fragmentation. Sustainability, 8(12): 1312.

Surminski, S. and Lopez, A., 2015. Concept of loss and damage of climate change - a new challenge for climate
decision-making? A climate science perspective. Climate and Development, 7(3): 267-277.

Sutton, R.T., 2018. ESD Ideas: A simple proposal to improve the contribution of IPCC WGI to the assessment and
communication of climate change risks. Earth SystemDynamics, 9(4): 1155-1158.

Svarstad, H. and Benjaminsen, T.A., 2020. Reading radical environmental justice through a political ecology lens.
Geoforum, 108: 1-11.

Swart, R., Biesbroek, R. and LourenA§o, T.C., 2014. Seience of adaptation to climate change and science for
adaptation. Frontiers in‘Environmental Science, 2.

Tabara, J.D., Frantzeskaki; N., Holscher, K., Pedde, S., Kok, K., Lamperti, F., Christensen, J.H., Jiger, J. and Berry, P.,
2018. Positive tipping points in a rapidly warming world. Current Opinion in Environmental Sustainability, 31:
120-129.

Taberna, A., Filatova, T.; Roy, D. and Noll, B.; 2020. Tracing resilience, social dynamics and behavioral change: a
review of agent-based floodTisk-models. Socio-Environmental Systems Modelling, 2: 17938.

Taillardat, P-, Friess, D.A. and Lupaseu, M., 2018. Mangrove blue carbon strategies for climate change mitigation are
most effective at the national scale. Biology letters, 14(10): 20180251.

Tanner, T., Lewis, D., Wrathall, D:; Bronen, R., Cradock-Henry, N., Hugq, S., Lawless, C., Nawrotzki, R., Prasad, V.,
Rahman, M.A., Alaniz, R., King, K., McNamara, K., Nadiruzzaman, M., Henly-Shepard, S. and Thomalla, F.,
2015. Livelihood resilience in the face of climate change. Nature Climate Change, 5(1): 23-26.

Taylor, A.L., Dessai, S. and de Bruin, W.B., 2014. Public perception of climate risk and adaptation in the UK: a review
of the literature. Climate Risk Management, 4: 1-16.

Termeer, C.J.A.M., Dewulf, A. and Biesbroek, G.R., 2016. Transformational change: governance interventions for
climate change adaptation from a continuous change perspective. Journal of Environmental Planning and
Management, 60(4): 558-576.

Thackeray, S.J., Robinson, S.A., Smith, P., Bruno, R., Kirschbaum, M.U.F., Bernacchi, C., Byrne, M., Cheung, W.,
Cotrufo, M.F., Gienapp, P., Hartley, S., Janssens, 1., Hefin Jones, T., Kobayashi, K., Luo, Y., Penuelas, J., Sage,
R., Suggett, D.J., Way, D. and Long, S., 2020. Civil disobedience movements such as School Strike for the
Climate are raising public awareness of the climate change emergency. Global Change Biology, 26(3): 1042-
1044.

Thaler, T., Attems, M.-S., Bonnefond, M., Clarke, D., Gatien-Tournat, A., Gralepois, M., Fournier, M., Murphy, C.,
Rauter, M. and Papathoma-Kohle, M., 2019. Drivers and barriers of adaptation initiatives—How societal
transformation affects natural hazard management and risk mitigation in Europe. Science of the Total
Environment, 650: 1073-1082.

Do Not Cite, Quote or Distribute 1-98 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Theys J. and Cornu, P., 2019. Temps de la nature, temps de la société, temps scientifique a I’heure du changement
global. Pour une approche interdisciplinaire de la crise de la temporalité. Natures Sciences Sociétés, 27(4): 381-
389.

Thiery, W., Visser, A.J., Fischer, E.M., Hauser, M., Hirsch, A.L., Lawrence, D.M., Lejeune, Q., Davin, E.L. and
Seneviratne, S.1., 2020. Warming of hot extremes alleviated by expanding irrigation. Nature Communications,
11(1): 290.

Thompson, M. and Rayner, S., 1998. Risk and Governance Part I: The Discourses of Climate Change. Government and
Opposition, 33(2): 139-166.

Tierney, J.E., deMenocal, P.B. and Zander, P.D., 2017. A climatic context for the out-of-Africa migration. Geology,
45(11): 1023-1026.

Timmermann, A. and Friedrich, T., 2016. Late Pleistocene climate drivers of early human migration. Nature,
538(7623): 92-95.

Tompkins, E.L., Adger, W.N., Boyd, E., Nicholson-Cole, S., Weatherhead, K. and Arnell, N., 2010. Observed
adaptation to climate change: UK evidence of transition to a well-adapting society. Global environmental change,
20(4): 627-635.

Tompkins, E.L., Vincent, K., Nicholls, R.J. and Suckall, N., 2018. Documenting the state of adaptation for the global
stocktake of the Paris Agreement. Wiley Interdisciplinary Reviews: Climate Change, 9(5): €545.

Tozier de la Poterie, A. and Baudoin, M.-A., 2015. From Yokohama to Sendai: Approaches to Participation in
International Disaster Risk Reduction Frameworks. International Journal of Disaster Risk Science, 6(2): 128-139.

Tschakert, P., Barnett, J., Ellis, N., Lawrence, C., Tuana, N., New, M., Elrick-Barr, C.; Pandit, R. and Pannell,; D., 2017.
Climate change and loss, as if people mattered: values, places, and experiences. Wiley Interdisciplinary Reviews:
Climate Change, 8(5): e476.

Tschakert, P., Ellis, N.R., Anderson, C., Kelly, A. and Obeng, J., 2019..One thousand ways'to experience loss: A
systematic analysis of climate-related intangible harm from around the world. Global Environmental Change-
Human and Policy Dimensions, 55: 58-72.

Tschakert, P., van Oort, B., St. Clair, A.L. and LaMadrid, A., 2013. Inequality and transformation analyses: a
complementary lens for addressing vulnerability to climate change. Climate.and Development, 5(4): 340-350.

Turney, C.S.M. and Brown, H., 2007. Catastrophic early Holocene sea level rise, human migration and the Neolithic
transition in Europe. Quaternary Science Reviews, 26(17): 2036-2041.

UN, 2007. United Nations Declaration on the Rights of Indigenous Peoples. UN Wash, 12: 1-18.

UN, 2015. Addis Ababa Action Agenda of the Third International Conference on Financing for Development. United
Nations New York.

UN, 2017. New Urban Agenda, United Nations:Conference on Housing and Sustainable Urban Development (Habitat
II0), pp. 1-66.

UN, 2020. Building an Inclusive, Sustainable and Resilient Future with Indigenous Peoples: A Call To Action. In:
U.N.S.C.E.B.F.C. (CEB) (Editor): UNITED NATIONS SYSTEM CHIEF EXECUTIVES BOARD FOR
COORDINATION (CEB):

UN Commission on Human Rights (50th sess. :11994 : Geneva), 1992. Rio Declaration on Environment and
Development.

UN Department of Economic and Social Affairs, 2020. World Social Report 2020: Inequality in a rapidly changing
world, UN.

UN Inter-agency. Task Force on Financing for Development 2019. Financing for Sustainable Development 2019, UN,
New York, NY.

Undorf, S.,Polson;.Ds, Bollasina; M.A., Ming, Y., Schurer, A. and Hegerl, G.C., 2018. Detectable Impact of Local and
Remote Anthropogenic Aerosols on the 20th Century Changes of West African and South Asian Monsoon
Precipitation. Journal of Geophysical Research: Atmospheres, 123(10): 4871-4889.

UNDP, 2018 Inequality-adjusted Human Development Index (IHDI).

UNDRR, 2019. Integration between disaster risk reduction and national climate change adaptation strategies and plans,
Global Assessment Report, pp. 335-362.

UNEP, 2011. Towards a Green Economy: Pathways to Sustainable Development and Poverty Eradication.

UNEP, 2014. Adaptation Gap Report 2014, Nairobi.

UNEP, 2018. Adaptation Gap Report.

UNEP, UNEP DTU Partnership and (WASP), a.W.A.S.P., 2021. Adaptation Gap Report 2020.

UNESCO, 2018a. Local and Indigenous Knowledge Systems. United Nations Educational, Scientific and Cultural
Organization.

UNESCO, 2018b. Report of the UNESCO Expert Meeting on Indigenous Knowledge and Climate Change in Africa,
Nairobi, Kenya, 27-28 June 2018.

UNFCCC, 2013. Warsaw International Mechanism. In: UNFCCC (Editor), COP 19, Warsaw.

UNFCCC, 2015a. Decision 1/CP.21, Conference of the Parties, Paris.

UNFCCC, 2015b. Paris Agreement, COP 21, Paris.

UNFCCC, 2016. Paris Agreement, COP 21, Paris.

Do Not Cite, Quote or Distribute 1-99 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

UNFCCC, 2018a. Report of the Conference of the Parties serving as the meeting of the Parties to the Paris Agreement
on the third part of its first session, held in Katowice from 2 to 15 December 2018. Addendum 1. Decisions 1-12.,
FCCC/PA/CMA/2018/3/Add.2.

UNFCCC, 2018b. Report of the Conference of the Parties serving as the meeting of the Parties to the Paris Agreement
on the third part of its first session, held in Katowice from 2 to 15 December 2018. Addendum 2. Decisions 13-20,
FCCC/PA/CMA/2018/3/Add.2.

UNFCCC, 2021. Action for Climate Empowerment Guidelines.

UNISDR, 2015. Sendai Framework for Disaster Risk Reduction 2015-2030, Proceedings of the 3rd United Nations
World Conference on DRR, Sendai, Japan, pp. 14-18.

United Nations; Department of Economic and Social Affairs; Population Division, 2019. World Population
Prospects 2019: Highlights (ST/ESA/SER.A/423).

United Nations, 1997. Kyoto Protocol to the United Nations Framework Convention on Climate Change. In: United
Nations (Editor).

USEPA, 2016. Climate Change Indicators in the United States 2016. (4).

USGCRP, 2018. Impacts, Risks, and Adaptation in the United States: Fourth National Climate

Assessment, U.S. Global Change Research Program, Washington, DC, USA.

van Ginkel, K.C., Botzen, W.W., Haasnoot, M., Bachner, G., Steininger, K.W., Hinkel, J., Watkiss, P., Boere, E.;
Jeuken, A. and de Murieta, E.S., 2020. Climate change induced socio-economic tipping points: review and
stakeholder consultation for policy relevant research. Environmental Research Letters, 15(2): 023001

Van Valkengoed, A.M. and Steg, L., 2019. Meta-analyses of factors motivating climate change adaptation behaviour.
Nature Climate Change, 9(2): 158.

van Vliet, J., Eitelberg, D.A. and Verburg, P.H., 2017. A global analysis of land take in cropland.areas and production
displacement from urbanization. Global environmental change, 43: 107-115.

Vautard, R., Christidis, N., Ciavarella, A., Alvarez-Castro, C., Bellprat, O., Christiansen, B.; Colfescu, I., Cowan, T.,
Doblas-Reyes, F., Eden, J., Hauser, M., Hegerl, G., Hempelmann,N., Klehmet, K., Lott, F., Nangini, C., Orth, R.,
Radanovics, S., Seneviratne, S.I., van Oldenborgh, G.J., Stett, P., Tett, S., Wilcox, L. and Yiou, P., 2019.
Evaluation of the HadGEM3-A simulations in view of detection and attribution of himan influence on extreme
events in Europe. Climate Dynamics, 52(1): 1187-1210.

Veldkamp, T., Wada, Y., Aerts, J., D6ll, P., Gosling, SIN., Liu, J., Masaki, Y., Oki, T., Ostberg, S. and Pokhrel, Y.,
2017. Water scarcity hotspots travel downstream due to-human interventions in the 20th and 21st century. Nature
communications, 8(1): 1-12.

Veldman, J.W., Overbeck, G.E., Negreiros, D., Mahy,'G., Le Stradic,S., Fernandes, G.W., Durigan, G., Buisson, E.,
Putz, F.E. and Bond, W.J., 2015. Where tree planting and forest expansion are bad for biodiversity and ecosystem
services. BioScience, 65(10): 1011-1018.

Vermeulen, S.J., Dinesh, D., Howden; S.M., Cramer, L. and Thornton, P.K., 2018. Transformation in Practice: A
Review of Empirical Cases of Transformational‘/Adaptation in Agriculture Under Climate Change. Frontiers in
Sustainable Food Systems; 2.

Verschuur, J., Li, S., WolskiyP. and Otto, F.E.Lz; 2021. Climate change as a driver of food insecurity in the 2007
Lesotho-South Africa drought. Scientific Reports, 11(1): 3852.

Vervoort, J. and Guptas'A., 2018. Anticipating climate futures in a 1.5°C era: the link between foresight and
governance. Current Opinion in Environmental Sustainability, 31: 104-111.

Vicedo-Cabrera, A:M., Sera, F., Guo, Y., Chung, Y., Arbuthnott, K., Tong, S., Tobias, A., Lavigne, E., de Sousa
Zanotti Stagliorio Coelho, M., Hilario Nascimento Saldiva, P., Goodman, P.G., Zeka, A., Hashizume, M., Honda,
Y., Kim, H.; Ragettli, M.S.;,R66sliy M., Zanobetti, A., Schwartz, J., Armstrong, B. and Gasparrini, A., 2018. A
multi-country analysis.on potential adaptive mechanisms to cold and heat in a changing climate. Environment
International, 111:239-246:

Vignola, R.;Leclerc, G., Morales, M. and Gonzalez, J., 2017. Leadership for moving the climate change adaptation
agenda from planning to action. Current Opinion in Environmental Sustainability, 26-27: 84-89.

Vij, S., Biesbroek; R.; Groot, A. and Termeer, K., 2018. Changing climate policy paradigms in Bangladesh and Nepal.
Environmental'science & policy, 81: 77-85.

Vincent, K. and Cundill, G., 2021. The evolution of empirical adaptation research in the global South from 2010 to
2020. Climate and Development: 1-14.

Viner, D., Ekstrom, M., Hulbert, M., Warner, N.K., Wreford, A. and Zommers, Z., 2020. Understanding the dynamic
nature of risk in climate change assessments—A new starting point for discussion. Atmospheric Science Letters,
21(4).

Vogel, M.M., Zscheischler, J., Wartenburger, R., Dee, D. and Seneviratne, S.1., 2019. Concurrent 2018 Hot Extremes
Across Northern Hemisphere Due to Human-Induced Climate Change. Earth's Future, 7(7): 692-703.

Vos, C.C., Berry, P., Opdam, P., Baveco, H., Nijhof, B., O'Hanley, J., Bell, C., Kuipers, H. and Nijho, B., 2008.
Adapting landscapes to climate change: examples of climate-proof ecosystem networks and priority adaptation
zones. Journal of Applied Ecology: 1722-1731.

Walker, B. and Meyers, J., 2004. Thresholds in ecological and social-ecological systems: a developing database.
Ecology and society, 9(2).

Do Not Cite, Quote or Distribute 1-100 Total pages: 102



O 0 N N AW N =

—_
—_

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Wan, X. and Zhang, Z., 2017. Climate warming and humans played different roles in triggering Late Quaternary
extinctions in east and west Eurasia. Proceedings of the Royal Society B: Biological Sciences, 284(1851):
20162438.

Wang, H., Easter, R.C., Zhang, R., Ma, P.-L., Singh, B., Zhang, K., Ganguly, D., Rasch, P.J., Burrows, S.M., Ghan,
S.J, Loy, S., Qian, Y., Yang, Y., Feng, Y., Flanner, M., Leung, L.R., Liu, X., Shrivastava, M., Sun, J., Tang, Q.,
Xie, S. and Yoon, J.-H., 2020. Aerosols in the E3SM Version 1: New Developments and Their Impacts on
Radiative Forcing. Journal of Advances in Modeling Earth Systems, 12(1): €2019MS001851.

Ward, J.D., Sutton, P.C., Werner, A.D., Costanza, R., Mohr, S.H. and Simmons, C.T., 2016. Is Decoupling GDP
Growth from Environmental Impact Possible? Plos One, 11(10).

Watkiss, P., Hunt, A., Dyszynski, J. and Dyszynski, J., 2015. The use of new economic decision support tools for
adaptation assessment: A review of methods and applications, towards guidance on applicability. Climatic
Change, 132(3): 401-416.

Webb, N.P., Marshall, N.A., Stringer, L.C., Reed, M.S., Chappell, A. and Herrick, J.E., 2017. Land degradation and
climate change: building climate resilience in agriculture. Frontiers in Ecology and the Environment, 15(8): 450-
459.

Webber, S., 2016. Climate Change Adaptation as a Growing Development Priority: Towards Critical Adaptation
Scholarship. Geography Compass, 10(10): 401-413.

Wehner, M.F., Zarzycki, C. and Patricola, C., 2019. Estimating the Human Influence on Tropical Cyclone Intensity as
the Climate Changes. In: J.M. Collins and K. Walsh (Editors), Hurricane Risk. Springer International.Publishing,
Cham, pp. 235-260.

Weiss, H. (Editor), 2017. Megadrought and collapse: from early agriculture to Angkor. Oxford University. Press.

Welch, J.R., Brondizio, E.S., Hetrick, S.S. and Coimbra Jr, C.E., 2013. Indigenous burning as conservation practice:
Neotropical savanna recovery amid agribusiness deforestation in Central Brazil. PloS/one, 8(12): ¢81226.

Westaway, M.C., Olley, J. and Griin, R., 2017. At least 17,000 years of coexistence: Modern‘-humans and megafauna at
the Willandra Lakes, South-Eastern Australia. Quaternary Science-Reviews, 157: 206-211-

Westoby, R., McNamara, K.E., Kumar, R. and Nunn, P.D., 2020. From community-based to locally led adaptation:
Evidence from Vanuatu. Ambio, 49(9): 1466-1473.

Williams, A.N., Ulm, S., Sapienza, T., Lewis, S. and Turney, C.S.M., 2018..Sea-level change and demography during
the last glacial termination and early Holocene actossthe Australian continent. Quaternary Science Reviews, 182:
144-154.

Willox, A.C., Stephenson, E., Allen, J., BourquesF., Drossos, A., Elgaroy, S., Kral, M.J., Mauro, 1., Moses, J., Pearce,
T., MacDonald, J.P. and Wexler, L., 2015. Examining relationships between climate change and mental health in
the Circumpolar North. Regional Enyironmental Change, 15(1): 169-182.

Wilson, A.J. and Orlove, B., 2019. What do we mean when'we:say climate change is urgent?

Wilson, R.S., Herziger, A., Hamilton; M. and Brooks, J.S!, 2020. From incremental to transformative adaptation in
individual responses to climate-exacerbated hazards. Nature Climate Change, 10(3): 200-208.

Wise, R.M., Fazey, 1., Stafford Smith, My Park, S.E., Eakin, H.C., Archer Van Garderen, E.R.M. and Campbell, B.,
2014. Reconceptualising-adaptation to climate change as part of pathways of change and response. Global
Environmental Change, 28: 325-336.

Wisner, B., 2016. Vulnerability as Concept;:Model, Metric, and Tool, Oxford Research Encyclopedia of Natural
Hazard Science. Oxford University Press:

Woodruff, S.C., Meerow, S, Stults, M. and Wilkins, C., 2018. Adaptation to Resilience Planning: Alternative Pathways
to Prepare for Climate Change. Journal of Planning Education and Research: 0739456X1880105.

Woodruff, S'C. and Regan, P., 2019. Quality of national adaptation plans and opportunities for improvement.
Mitigation and adaptation strategies for global change, 24(1): 53-71.

World Economic Forum;2021: The Global Risks Report 2021: Insight Report.

WoronieckiyS., Kriiger; R., Rau, A.L., Preuss, M.S., Baumgartner, N., Raggers, S., Niessen, L., Hollander, L., Beyers,
F., Rathgens,dJ., Wagner, K.C., Habigt, L., Krause, T., Wamsler, C., von Wehrden, H. and Abson, D., 2019. The
framing of power in climate change adaptation research. WIREs Climate Change, 10(6).

Wright, H., Vermeulen, S., Laganda, G., Olupot, M., Ampaire, E. and Jat, M.L., 2014. Farmers, food and climate
change: ensuring community-based adaptation is mainstreamed into agricultural programmes. Climate and
development, 6(4): 318-328.

Xu, C., Kohler, T.A., Lenton, T.M., Svenning, J.-C. and Scheffer, M., 2020. Future of the human climate niche.
Proceedings of the National Academy of Sciences, 117(21): 11350-11355.

Yasuhara, M., Wei, C.-L., Kucera, M., Costello, M.J., Tittensor, D.P., Kiessling, W., Bonebrake, T.C., Tabor, C.R.,
Feng, R., Baselga, A., Kretschmer, K., Kusumoto, B. and Kubota, Y., 2020. Past and future decline of tropical
pelagic biodiversity. Proceedings of the National Academy of Sciences, 117(23): 12891-12896.

Yeh, E.T., 2016. ‘How can experience of local residents be “knowledge”?’Challenges in interdisciplinary climate
change research. Area, 48(1): 34-40.

Yokohata, T., Tanaka, K., Nishina, K., Takahashi, K., Emori, S., Kiguchi, M., Iseri, Y., Honda, Y., Okada, M. and
Masaki, Y., 2019. Visualizing the interconnections among climate risks. Earth's Future, 7(2): 85-100.

Young, O.R., 2017. Beyond regulation: Innovative strategies for governing large complex systems. Sustainability, 9(6):
938.

Do Not Cite, Quote or Distribute 1-101 Total pages: 102



O 0 N N AW N =

—_ = =
N o= O

FINAL DRAFT Chapter 1 IPCC WGII Sixth Assessment Report

Yu, J., Broutin, J., Chen, Z.-Q., Shi, X., Li, H., Chu, D. and Huang, Q., 2015. Vegetation changeover across the
Permian—Triassic Boundary in Southwest China: Extinction, survival, recovery and palacoclimate: A critical
review. Earth-Science Reviews, 149: 203-224.

Yumagulova, L., Phibbs, S., Kenney, C.M., Yellow Old Woman-Munro, D., Christianson, A.C., McGee, T.K. and
Whitehair, R., 2019. The role of disaster volunteering in Indigenous communities. Environmental Hazards: 1-18.

Zimmermann, A., J. Benda, H. Webber and Jafari, a.Y., 2018. Trade, food security, and climate change: conceptual
linkages and policy implications, Food and Agricultural Organization, Rome, Italy.

Zommers, Z., Marbaix, P., Fischlin, A., Ibrahim, Z.Z., Grant, S., Magnan, A.K., Portner, H.-O., Howden, M., Calvin,
K., Warner, K., Thiery, W., Sebesvari, Z., Davin, E.L., Evans, J.P., Rosenzweig, C., O’Neill, B.C., Patwardhan,
A., Warren, R., van Aalst, M.K. and Hulbert, M., 2020. Burning embers: towards more transparent and robust
climate-change risk assessments. Nature Reviews Earth & Environment, 1(10): 516-529.

Do Not Cite, Quote or Distribute 1-102 Total pages: 102





