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Observed and Projected Impacts and Risks

Human-induced climate change, including more frequent and intense extreme events, has caused
widespread adverse impacts and related losses and damages to nature and people, beyond natural
climate variability. Some development and adaptation efforts have reduced vulnerability. Across
sectors and regions the most vulnerable people and systems are observed to be disproportionately
affected. The rise in weather and climate extremes has led to some irreversible impacts as natural
and human systems are pushed beyond their ability to adapt (high confidence).

Vulnerability of ecosystems and people to climate change differs substantially among and within
regions (very high confidence), driven by patterns of intersecting socio-economic development,
unsustainable ocean and land use, inequity, marginalization, historical and ongoing patterns of
inequity such as colonialism, and governance (high confidence). Approximately 3.3 to 3.6 billion
people live in contexts that are highly vulnerable to climate change (high confidence). A high
proportion of species is vulnerable to climate change (high confidence). Human and ecosystem
vulnerability are interdependent (high confidence). Current unsustainable development patterns are
increasing exposure of ecosystems and people to climate hazards (high confidence).

Global warming, reaching 1.5°C in the near-term, would cause unavoidable increases in multiple
climate hazards and present multiple risks to ecosystems and humans (very high confidence). The
level of risk will depend on concurrent near-term trends in vulnerability, exposure, level of
socioeconomic development and adaptation (high confidence). Near-term actions that limit global
warming to close to 1.5°C would substantially reduce projected losses and damages related to
climate change in human systems and ecosystems, compared to higher warming levels, but cannot
eliminate them all (very high confidence).

Beyond 2040 and depending on the level of global warming, climate change will lead to numerous
risks to natural and human systems (high confidence). For 127 identified key risks, assessed mid-
and long- term impacts are up to multiple times higher than currently observed (high confidence).
The magnitude and rate of climate change and associated risks depend strongly on near-term
mitigation and adaptation actions, and projected adverse impacts and related losses and damages
escalate with every increment of global warming (very high confidence).

Climate change impacts and risks are becoming increasingly complex and more difficult to manage.
Multiple climate hazards will occur simultaneously, and multiple climatic and non-climatic risks will
interact, resulting in compounding overall risk and risks cascading across sectors and regions.
Some responses to climate change result in new impacts and risks (high confidence).

If global warming transiently exceeds 1.5°C in the coming decades or later (overshoot), then many
human and natural systems will face additional severe risks, compared to remaining below 1.5°C
(high confidence). Depending on the magnitude and duration of overshoot, some impacts will cause
release of additional greenhouse gases (medium confidence) and some will be irreversible, even if
global warming is reduced (high confidence).
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Current Adaptation and its Benefits

Progress in adaptation planning and implementation has been observed across all sectors and
regions, generating multiple benefits (very high confidence). However, adaptation progress is
unevenly distributed with observed adaptation gaps (high confidence). Many initiatives prioritize
immediate and near- term climate risk reduction which reduces the opportunity for transformational
adaptation (high confidence).

There are feasible and effective adaptation options which can reduce risks to people and nature.
The feasibility of implementing adaptation options in the near-term differs across sectors and
regions (very high confidence). The effectiveness of adaptation to reduce climate risk is
documented for specific contexts, sectors and regions (high confidence) and will decrease with
increasing warming (high confidence). Integrated, multi-sectoral solutions that address social
inequities, differentiate responses based on climate risk and cut across systems, increase the
feasibility and effectiveness of adaptation in multiple sectors (high confidence).

Soft limits to some human adaptation have been reached, but can be overcome by addressing a
range of constraints, primarily financial, governance, institutional and policy constraints (high
confidence). Hard limits to adaptation have been reached in some ecosystems (high confidence).
With increasing global warming, losses and damages will increase and additional human and
natural systems will reach adaptation limits (high confidence).

There is increased evidence of maladaptation across many sectors and regions since the ARS.
Maladaptive responses to climate change can create lock-ins of vulnerability, exposure and risks
that are difficult and expensive to change and exacerbate existing inequalities. Maladaptation can
be avoided by flexible, multi-sectoral, inclusive and long-term planning and implementation of
adaptation actions with benefits to many sectors and systems (high confidence).

Enabling conditions are key for implementing, accelerating and sustaining adaptation in human
systems and ecosystems. These include political commitment and follow-through, institutional
frameworks, policies and instruments with clear goals and priorities, enhanced knowledge on
impacts and solutions, mobilization of and access to adequate financial resources, monitoring and
evaluation, and inclusive governance processes (high confidence).

Climate Resilient Development

Evidence of observed impacts, projected risks, levels and trends in vulnerability, and adaptation
limits, demonstrate that worldwide climate resilient development action is more urgent than
previously assessed in AR5. Comprehensive, effective, and innovative responses can harness
synergies and reduce trade-offs between adaptation and mitigation to advance sustainable
development (very high confidence).

Climate resilient development is enabled when governments, civil society and the private sector
make inclusive development choices that prioritise risk reduction, equity and justice, and when
decision-making processes, finance and actions are integrated across governance levels, sectors
and timeframes (very high confidence). Climate resilient development is facilitated by international
cooperation and by governments at all levels working with communities, civil society, educational
bodies, scientific and other institutions, media, investors and businesses; and by developing
partnerships with traditionally marginalised groups, including women, youth, Indigenous Peoples,
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local communities and ethnic minorities (high confidence). These partnerships are most effective
when supported by enabling political leadership, institutions, resources, including finance, as well as
climate services, information and decision support tools (high confidence).

Interactions between changing urban form, exposure and vulnerability can create climate change-
induced risks and losses for cities and settlements. However, the global trend of urbanisation also
offers a critical opportunity in the near-term, to advance climate resilient development (high
confidence). Integrated, inclusive planning and investment in everyday decision-making about urban
infrastructure, including social, ecological and grey/physical infrastructures, can significantly
increase the adaptive capacity of urban and rural settliements. Equitable outcomes contribute to
multiple benefits for health and well-being and ecosystem services, including for Indigenous
Peoples, marginalised and vulnerable communities (high confidence). Climate resilient development
in urban areas also supports adaptive capacity in more rural places through maintaining peri-urban
supply chains of goods and services and financial flows (medium confidence). Coastal cities and
settlements play an especially important role in advancing climate resilient development (high
confidence).

Safeguarding biodiversity and ecosystems is fundamental to climate resilient development, in light
of the threats climate change poses to them and their roles in adaptation and mitigation (very high
confidence). Recent analyses, drawing on a range of lines of evidence, suggest that maintaining the
resilience of biodiversity and ecosystem services at a global scale depends on effective and
equitable conservation of approximately 30% to 50% of Earth’s land, freshwater and ocean areas,
including currently near-natural ecosystems (high confidence).

It is unequivocal that climate change has already disrupted human and natural systems. Past and
current development trends (past emissions, development and climate change) have not advanced
global climate resilient development (very high confidence). Societal choices and actions
implemented in the next decade determine the extent to which medium- and long-term pathways
will deliver higher or lower climate resilient development (high confidence). Importantly climate
resilient development prospects are increasingly limited if current greenhouse gas emissions do not
rapidly decline, especially if 1.5°C global warming is exceeded in the near term (high confidence).
These prospects are constrained by past development, emissions and climate change, and enabled
by inclusive governance, adequate and appropriate human and technological resources,
information, capacities and finance (high confidence).
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SPM.A: Introduction

This Summary for Policymakers (SPM) presents key findings of the Working Group II (WGII) contribution
to the Sixth Assessment Report (AR6) of the IPCC'. The report builds on the WGII contribution to the Fifth
Assessment Report (ARS) of the IPCC, three Special Reports®, and the Working Group I (WGI) contribution
to the ARG cycle.

This report recognizes the interdependence of climate, ecosystems and biodiversity’, and human societies
(Figure SPM.1) and integrates knowledge more strongly across the natural, ecological, social and economic
sciences than earlier IPCC assessments. The assessment of climate change impacts and risks as well as
adaptation is set against concurrently unfolding non-climatic global trends e.g., biodiversity loss, overall
unsustainable consumption of natural resources, land and ecosystem degradation, rapid urbanisation, human
demographic shifts, social and economic inequalities and a pandemic.

The scientific evidence for each key finding is found in the 18 chapters of the underlying report and in the 7
cross-chapter papers as well as the integrated synthesis presented in the Technical Summary (hereafter TS)
and referred to in curly brackets {}. Based on scientific understanding, key findings can be formulated as
statements of fact or associated with an assessed level of confidence using the IPCC calibrated language®. The
WGII Global to Regional Atlas (Annex I) facilitates exploration of key synthesis findings across the WGII
regions.

! Decision IPCC/XLVI-3, The assessment covers scientific literature accepted for publication by 1 September 2021.

2 The three Special Reports are: ‘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 (SR1.5)’; ‘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 Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC)’

3 Biodiversity: Biodiversity or biological diversity means the variability among living organisms from all sources including, among
other things, terrestrial, marine and other aquatic ecosystems, and the ecological complexes of which they are part; this includes
diversity within species, between species, and of ecosystems.

4 Each finding is grounded in an evaluation of underlying evidence and agreement. A level of confidence is expressed using five
qualifiers: very low, low, medium, high and very high, and typeset in italics, e.g., medium confidence. The following terms have been
used to indicate the assessed likelihood of an outcome or a result: virtually certain 99-100% probability, very likely 90-100%, likely
66-100%, as likely as not 33-66%, unlikely 0-33%, very unlikely 0-10%, exceptionally unlikely 0-1%. Assessed likelihood is typeset
in italics, e.g., very likely. This is consistent with ARS and the other AR6 Reports.
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From climate risk to climate resilient development: climate, ecosystems (including biodiversity)
and human society as coupled systems

(a) Main interactions and trends (b) Options to reduce climate risks and establish resilience
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Figure SPM.1: This report has a strong focus on the interactions among the coupled systems climate, ecosystems
(including their biodiversity) and human society. These interactions are the basis of emerging risks from climate change,
ecosystem degradation and biodiversity loss and, at the same time, offer opportunities for the future. (a) Human society
causes climate change. Climate change, through hazards, exposure and vulnerability generates impacts and risks that can
surpass limits to adaptation and result in losses and damages. Human society can adapt to, maladapt and mitigate climate
change, ecosystems can adapt and mitigate within limits. Ecosystems and their biodiversity provision livelihoods and
ecosystem services. Human society impacts ecosystems and can restore and conserve them. (b) Meeting the objectives of
climate resilient development thereby supporting human, ecosystem and planetary health, as well as human well-being,
requires society and ecosystems to move over (transition) to a more resilient state. The recognition of climate risks can
strengthen adaptation and mitigation actions and transitions that reduce risks. Taking action is enabled by governance,
finance, knowledge and capacity building, technology and catalysing conditions. Transformation entails system
transitions strengthening the resilience of ecosystems and society (Section D). In a) arrow colours represent principle
human society interactions (blue), ecosystem (including biodiversity) interactions (green) and the impacts of climate
change and human activities, including losses and damages, under continued climate change (red). In b) arrow colours
represent human system interactions (blue), ecosystem (including biodiversity) interactions (green) and reduced impacts
from climate change and human activities (grey). {1.2, Figure 1.2, Figure TS.1}

The concept of risk is central to all three AR6 Working Groups. A risk framing and the concepts of adaptation,
vulnerability, exposure, resilience, equity and justice, and transformation provide alternative, overlapping,
complementary, and widely used entry points to the literature assessed in this WGII report.

Across all three AR6 working groups, risk® provides a framework for understanding the increasingly severe,
interconnected and often irreversible impacts of climate change on ecosystems, biodiversity, and human
systems; differing impacts across regions, sectors and communities; and how to best reduce adverse

3 Risk is defined as the potential for adverse consequences for human or ecological systems, recognising the diversity of values and
objectives associated with such systems
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consequences for current and future generations. In the context of climate change, risk can arise from the
dynamic interactions among climate-related hazards® (see Working Group I), the exposure’ and
vulnerability® of affected human and ecological systems. The risk that can be introduced by human responses
to climate change is a new aspect considered in the risk concept. This report identifies 127 key risks’. {1.3,
16.5}

The vulnerability of exposed human and natural systems is a component of risk, but also, independently, an
important focus in the literature. Approaches to analysing and assessing vulnerability have evolved since
previous IPCC assessments. Vulnerability is widely understood to differ within communities and across
societies, regions and countries, also changing through time.

Adaptation' plays a key role in reducing exposure and vulnerability to climate change. Adaptation in
ecological systems includes autonomous adjustments through ecological and evolutionary processes. In human
systems, adaptation can be anticipatory or reactive, as well as incremental and/ or transformational. The latter
changes the fundamental attributes of a social-ecological system in anticipation of climate change and its
impacts. Adaptation is subject to hard and soft limits'".

Resilience'” in the literature has a wide range of meanings. Adaptation is often organized around resilience as
bouncing back and returning to a previous state after a disturbance. More broadly the term describes not just
the ability to maintain essential function, identity and structure, but also the capacity for transformation.

This report recognises the value of diverse forms of knowledge such as scientific, as well as Indigenous
knowledge and local knowledge in understanding and evaluating climate adaptation processes and actions to
reduce risks from human-induced climate change. AR6 highlights adaptation solutions which are effective,
feasible'®, and conform to principles of justice'®. The term climate justice, while used in different ways in
different contexts by different communities, generally includes three principles: distributive justice which
refers to the allocation of burdens and benefits among individuals, nations and generations; procedural justice
which refers to who decides and participates in decision-making; and recognition which entails basic respect
and robust engagement with and fair consideration of diverse cultures and perspectives.

¢ Hazard is defined as the potential occurrence of a natural or human-induced physical event or trend that may cause loss of life, injury,
or other health impacts, as well as damage and loss to property, infrastructure, livelihoods, service provision, ecosystems and
environmental resources. Physical climate conditions that may be associated with hazards are assessed in Working Group I as climatic
impact-drivers.
7 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.
8 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.
9 Key risks have potentially severe adverse consequences for humans and social-ecological systems resulting from the interaction of
climate related hazards with vulnerabilities of societies and systems exposed.
10 Adaptation is defined, in human systems, as the process of adjustment to actual or expected climate and its effects in order to
moderate harm or take advantage of beneficial opportunities. In natural systems, adaptation is the process of adjustment to actual
climate and its effects; human intervention may facilitate this.
1" Adaptation Limits: The point at which an actor’s objectives (or system needs) cannot be secured from intolerable risks through
adaptive actions.

* Hard adaptation limit - No adaptive actions are possible to avoid intolerable risks.

* Soft adaptation limit - Options may exist but are currently not available to avoid intolerable risks through adaptive action.
12 Resilience in this report is defined as the capacity of social, economic and ecosystems to cope with a hazardous event or trend or
disturbance, responding or reorganising in ways that maintain their essential function, identity and structure as well as biodiversity in
case of ecosystems while also maintaining the capacity for adaptation, learning and transformation. Resilience is a positive attribute
when it maintains such a capacity for adaptation, learning, and/or transformation.
13 Feasibility refers to the potential for an adaptation option to be implemented.
14 Justice is concerned with setting out the moral or legal principles of fairness and equity in the way people are treated, often based
on the ethics and values of society. Social justice comprises just or fair relations within society that seek to address the distribution of
wealth, access to resources, opportunity and support according to principles of justice and fairness. Climate justice comprises justice
that links development and human rights to achieve a rights-based approach to addressing climate change.

Subject to Copyedit SPM-5 Total pages: 35



APPROVED Summary for Policymakers IPCC WGII Sixth Assessment Report

Effectiveness refers to the extent to which an action reduces vulnerability and climate-related risk, increases
resilience, and avoids maladaptation'.

This report has a particular focus on transformation'® and system transitions in energy; land, ocean, coastal
and freshwater ecosystems; urban, rural and infrastructure; and industry and society. These transitions make
possible the adaptation required for high levels of human health and wellbeing, economic and social resilience,
ecosystem health'’, and planetary health'® (Figure SPM.1). These system transitions are also important for
achieving the low global warming levels (WGIII) that would avoid many limits to adaptation''. The report
also assesses economic and non-economic losses and damages'’. This report labels the process of
implementing mitigation and adaptation together in support of sustainable development for all as climate
resilient development®.

[START BOX SPM.1 HERE]

Box SPM.1: AR6 Common Climate Dimensions, Global Warming Levels and Reference Periods

Assessments of climate risks consider possible future climate change, societal development and responses.
This report assesses literature including that based on climate model simulations that are part of the fifth and
sixth Coupled Model Intercomparison Project phase (CMIP5, CMIP6) of the World Climate Research
Programme. Future projections are driven by emissions and/or concentrations from illustrative Representative
Concentration Pathways (RCPs)*' and Shared Socio-economic Pathways (SSPs)* scenarios, respectively®.
Climate impacts literature is based primarily on climate projections assessed in AR5 or earlier, or assumed
global warming levels, though some recent impacts literature uses newer projections based on the CMIP6
exercise. Given differences in the impacts literature regarding socioeconomic details and assumptions, WGII
chapters contextualize impacts with respect to exposure, vulnerability and adaptation as appropriate for their
literature, this includes assessments regarding sustainable development and climate resilient development.
There are many emissions and socioeconomic pathways that are consistent with a given global warming
outcome. These represent a broad range of possibilities as available in the literature assessed that affect future
climate change exposure and vulnerability. Where available, WGII also assesses literature that is based on an
integrative SSP-RCP framework where climate projections obtained under the RCP scenarios are analysed
against the backdrop of various illustrative SSPs*2. The WGII assessment combines multiple lines of evidence
including impacts modelling driven by climate projections, observations, and process understanding. {1.2,
16.5, 18.2, CCB CLIMATE, WGI SPM.C, WGI Box SPM.1, WGI 1.6, WGI Ch.12, AR5 WGI}

15 Maladaptation refers to actions that may lead to increased risk of adverse climate-related outcomes, including via increased
greenhouse gas emissions, increased or shifted vulnerability to climate change, more inequitable outcomes, or diminished welfare,
now or in the future. Most often, maladaptation is an unintended consequence.

16 Transformation refers to a change in the fundamental attributes of natural and human systems.

17 Ecosystem health: a metaphor used to describe the condition of an ecosystem, by analogy with human health. Note that there is no
universally accepted benchmark for a healthy ecosystem. Rather, the apparent health status of an ecosystem is judged on the
ecosystem’s resilience to change, with details depending upon which metrics (such as species richness and abundance) are employed
in judging it and which societal aspirations are driving the assessment.

18 Planetary health: a concept based on the understanding that human health and human civilisation depend on ecosystem health and
the wise stewardship of ecosystems.

19 In this report, the term ‘losses and damages’ refers to adverse observed impacts and/or projected risks and can be economic and/or
non-economic.

20 In the WGII report, climate resilient development refers to the process of implementing greenhouse gas mitigation and adaptation
measures to support sustainable development for all.

21 RCP-based scenarios are referred to as RCPy, where 'y' refers to the level of radiative forcing (in watts per square meter, or

W m?) resulting from the scenario in the year 2100.

22 SSP-based scenarios are referred to as SSPx-y, where 'SSPx' refers to the Shared Socio-economic Pathway describing the socio-
economic trends underlying the scenarios, and 'y' refers to the level of radiative forcing (in watts per square meter, or W m) resulting
from the scenario in the year 2100.

23 IPCC is neutral with regard to the assumptions underlying the SSPs, which do not cover all possible scenarios. Alternative scenarios
may be considered or developed.
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A common set of reference years and time periods are adopted for assessing climate change and its impacts
and risks: the reference period 1850—1900 approximates pre-industrial global surface temperature, and three
future reference periods cover the near-term (2021-2040), mid-term (2041-2060) and long-term (2081-2100).
{CCB CLIMATE}

Common levels of global warming relative to 1850-1900 are used to contextualize and facilitate analysis,
synthesis and communication of assessed past, present and future climate change impacts and risks considering
multiple lines of evidence. Robust geographical patterns of many variables can be identified at a given level
of global warming, common to all scenarios considered and independent of timing when the global warming
level is reached. {16.5, CCB CLIMATE, WGI 4.2, WGI CCB11.1, WGI Box SPM.1}

WGI assessed increase in global surface temperature is 1.09 [0.95 to 1.20]** °C in 2011-2020 above 1850-
1900. The estimated increase in global surface temperature since AR5 is principally due to further warming
since 2003-2012 (+0.19 [0.16 to 0.22] °C).” Considering all five illustrative scenarios assessed by WGI, there
is at least a greater than 50% likelihood that global warming will reach or exceed 1.5°C in the near-term, even
for the very low greenhouse gas emissions scenario®®. {WGI CCB 2.3, WGI SPM A1.2, WGI SPM B1.3, WGI
Table SPM.1}

[END BOX SPM.1 HERE]

SPM.B: Observed and Projected Impacts and Risks

Since ARS, the knowledge base on observed and projected impacts and risks generated by climate hazards,
exposure and vulnerability has increased with impacts attributed to climate change and key risks identified
across the report. Impacts and risks are expressed in terms of their damages, harms, economic, and non-
economic losses. Risks from observed vulnerabilities and responses to climate change are highlighted. Risks
are projected for the near-term (2021-2040), the mid (2041-2060) and long term (2081-2100), at different
global warming levels and for pathways that overshoot 1.5°C global warming level for multiple decades”’.
Complex risks result from multiple climate hazards occurring concurrently, and from multiple risks
interacting, compounding overall risk and resulting in risks transmitting through interconnected systems and
across regions.

Observed Impacts from Climate Change

SPM.B.1 Human-induced climate change, including more frequent and intense extreme events, has caused
widespread adverse impacts and related losses and damages to nature and people, beyond natural climate
variability. Some development and adaptation efforts have reduced vulnerability. Across sectors and regions
the most vulnerable people and systems are observed to be disproportionately affected. The rise in weather

24 In the WGI report, square brackets [x to y] are used to provide the assessed very likely range, or 90% interval.

25 Since ARS, methodological advances and new datasets have provided a more complete spatial representation of changes in surface
temperature, including in the Arctic. These and other improvements have also increased the estimate of global surface temperature
change by approximately 0.1°C, but this increase does not represent additional physical warming since ARS.

26 Global warming of 1.5°C relative to 1850-1900 would be exceeded during the 21st century under the intermediate, high and very
high greenhouse gas emissions scenarios considered in this report (SSP2-4.5, SSP3-7.0 and SSP5-8.5, respectively). Under the five
illustrative scenarios, in the near term (2021-2040), the 1.5°C global warming level is very likely to be exceeded under the very high
greenhouse gas emissions scenario (SSP5-8.5), likely to be exceeded under the intermediate and high greenhouse gas emissions
scenarios (SSP2-4.5 and SSP3-7.0), more likely than not to be exceeded under the low greenhouse gas emissions scenario (SSP1-2.6)
and more likely than not to be reached under the very low greenhouse gas emissions scenario (SSP1-1.9). Furthermore, for the very
low greenhouse gas emissions scenario (SSP1-1.9), it is more likely than not that global surface temperature would decline back to
below 1.5°C toward the end of the 21st century, with a temporary overshoot of no more than 0.1°C above 1.5°C global warming.

27 Overshoot: In this report, pathways that first exceed a specified global warming level (usually 1.5°C, by more than 0.1°C), and then
return to or below that level again before the end of a specified period of time (e.g., before 2100). Sometimes the magnitude and
likelihood of the overshoot is also characterized. The overshoot duration can vary from at least one decade up to several decades.
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and climate extremes has led to some irreversible impacts as natural and human systems are pushed beyond
their ability to adapt. (high confidence) (Figure SPM.2) {1.3,2.3,2.4,2.6,3.3,3.4,3.5,4.2,4.3,5.2,5.12,6.2,
7.2,8.2,9.6,98,9.10,9.11, 104, 11.3, 12.3, 12.4, 13.10, 14.4, 14.5, 15.3, 16.2, CCP1.2, CCP3.2, CCP4.1,
CCP5.2, CCP6.2, CCP7.2, CCP7.3, CCB EXTREMES, CCB ILLNESS, CCB SLR, CCB NATURAL, CCB
DISASTER, CCB MIGRATE, Figure TS.5, TS Bl

SPM.B.1.1 Widespread, pervasive impacts to ecosystems, people, settlements, and infrastructure have resulted
from observed increases in the frequency and intensity of climate and weather extremes, including hot
extremes on land and in the ocean, heavy precipitation events, drought and fire weather (high
confidence). Increasingly since AR5, these observed impacts have been attributed”® to human-induced climate
change particularly through increased frequency and severity of extreme events. These include increased heat-
related human mortality (medium confidence), warm-water coral bleaching and mortality (high confidence),
and increased drought related tree mortality (high confidence). Observed increases in areas burned by wildfires
have been attributed to human-induced climate change in some regions (medium to high confidence). Adverse
impacts from tropical cyclones, with related losses and damages'®, have increased due to sea level rise and the
increase in heavy precipitation (medium confidence). Impacts in natural and human systems from slow-onset
processes” such as ocean acidification, sea level rise or regional decreases in precipitation have also been
attributed to human induced climate change (high confidence). {1.3,2.3,2.4,2.5,3.2,3.4,3.5,3.6,4.2,5.2,
54,5.6,512,7.2,9.6,9.8,9.7,9.8,9.11, 11.3, Box 11.1, Box 11.2, Table 11.9, 12.3, 12.4, 13.3, 13.5, 13.10,
14.2,14.5, 15.7, 15.8, 16.2, Box CCP5.1, CCP1.2, CCP2.2, CCP7.3, CCB EXTREME, CCB ILLNESS, CCB
DISASTER, WG1 9, WGI 11.3-11.8, WGI SPM.3, SROCC Ch. 4}

SPM.B.1.2 Climate change has caused substantial damages, and increasingly irreversible losses, in terrestrial,
freshwater and coastal and open ocean marine ecosystems (%igh confidence). The extent and magnitude of
climate change impacts are larger than estimated in previous assessments (high confidence). Widespread
deterioration of ecosystem structure and function, resilience and natural adaptive capacity, as well as shifts in
seasonal timing have occurred due to climate change (high confidence), with adverse socioeconomic
consequences (high confidence). Approximately half of the species assessed globally have shifted polewards
or, on land, also to higher elevations (very high confidence). Hundreds of local losses of species have been
driven by increases in the magnitude of heat extremes (high confidence), as well as mass mortality events on
land and in the ocean (very high confidence) and loss of kelp forests (high confidence). Some losses are already
irreversible, such as the first species extinctions driven by climate change (medium confidence). Other impacts
are approaching irreversibility such as the impacts of hydrological changes resulting from the retreat of
glaciers, or the changes in some mountain (medium confidence) and Arctic ecosystems driven by permafrost
thaw (high confidence). (Figure SPM.2a). {2.3, 2.4, 3.4, 3.5, 4.2, 4.3, 4.5, 9.6, 10.4, 11.3, 12.3, 12.8, 13.3,
13.4, 13.10, 14.4, 14.5, 14.6, 15.3, 16.2, CCP1.2; CCP3.2, CCP4.1, CCP5.2, CCP6.1, CCP6.2, CCP7.2,
CCP7.3, CCP5.2, Figure CCP5.4, CCB PALEO, CCB EXTREMES, CCB ILLNESS, CCB SLR, CCB
NATURAL, CCB MOVING PLATE, Figure TS.5, TS B1, SROCC 2.3}

28 Attribution is defined as the process of evaluating the relative contributions of multiple causal factors to a change or event with an
assessment of confidence. {Annex II Glossary, CWGB ATTRIB}

2% Impacts of climate change are caused by slow onset and extreme events. Slow onset events are described among the climatic-impact
drivers of the WGI ARG6 and refer to the risks and impacts associated with e.g., increasing temperature means, desertification,
decreasing precipitation, loss of biodiversity, land and forest degradation, glacial retreat and related impacts, ocean acidification, sea
level rise and salinization (https://interactive-atlas.ipcc.ch).
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Impacts of climate change are observed in many ecosystems and human systems worldwide

(a) Observed impacts of climate change on ecosystems
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Figure SPM.2: Observed global and regional impacts on ecosystems and human systems attributed to climate change.
Confidence levels reflect uncertainty in attribution of the observed impact to climate change. Global assessments focus
on large studies, multi-species, meta-analyses and large reviews. For that reason they can be assessed with higher
confidence than regional studies, which may often rely on smaller studies that have more limited data. Regional
assessments consider evidence on impacts across an entire region and do not focus on any country in particular. (a)
Climate change has already altered terrestrial, freshwater and ocean ecosystems at global scale, with multiple impacts
evident at regional and local scales where there is sufficient literature to make an assessment. Impacts are evident on
ecosystem structure, species geographic ranges and timing of seasonal life cycles (phenology) (for methodology and
detailed references to chapters and cross-chapter papers see SMTS.1 and SMTS.1.1). (b) Climate change has already had
diverse adverse impacts on human systems, including on water security and food production, health and well-being, and
cities, settlements and infrastructure. The + and — symbols indicate the direction of observed impacts, with a — denoting
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an increasing adverse impact and a = denoting that, within a region or globally, both adverse and positive impacts have
been observed (e.g., adverse impacts in one area or food item may occur with positive impacts in another area or food
item). Globally, ‘—" denotes an overall adverse impact; ‘Water scarcity’ considers, e.g., water availability in general,
groundwater, water quality, demand for water, drought in cities. Impacts on food production were assessed by excluding
non-climatic drivers of production increases; Global assessment for agricultural production is based on the impacts on
global aggregated production; ‘Reduced animal and livestock health and productivity’ considers, e.g., heat stress,
diseases, productivity, mortality; ‘Reduced fisheries yields and aquaculture production’ includes marine and freshwater
fisheries/production; ‘Infectious diseases’ include, e.g., water-borne and vector-borne diseases; ‘Heat, malnutrition and
other’ considers, e.g., human heat-related morbidity and mortality, labour productivity, harm from wildfire, nutritional
deficiencies; ‘Mental health’ includes impacts from extreme weather events, cumulative events, and vicarious or
anticipatory events; ‘Displacement’ assessments refer to evidence of displacement attributable to climate and weather
extremes; ‘Inland flooding and associated damages’ considers, e.g., river overflows, heavy rain, glacier outbursts, urban
flooding; ‘Flood/storm induced damages in coastal areas’ include damages due to, e.g., cyclones, sea level rise, storm
surges. Damages by key economic sectors are observed impacts related to an attributable mean or extreme climate hazard
or directly attributed. Key economic sectors include standard classifications and sectors of importance to regions (for
methodology and detailed references to chapters and cross-chapter papers see SMTS.1 and SMTS.1.2).

SPM.B.1.3 Climate change including increases in frequency and intensity of extremes have reduced food and
water security, hindering efforts to meet Sustainable Development Goals (high confidence). Although overall
agricultural productivity has increased, climate change has slowed this growth over the past 50 years globally
(medium confidence), related negative impacts were mainly in mid- and low latitude regions but positive
impacts occurred in some high latitude regions (high confidence). Ocean warming and ocean acidification
have adversely affected food production from shellfish aquaculture and fisheries in some oceanic regions (high
confidence). Increasing weather and climate extreme events have exposed millions of people to acute food
insecurity’® and reduced water security, with the largest impacts observed in many locations and/or
communities in Africa, Asia, Central and South America, Small Islands and the Arctic (high confidence).
Jointly, sudden losses of food production and access to food compounded by decreased diet diversity have
increased malnutrition in many communities (high confidence), especially for Indigenous Peoples, small-scale
food producers and low-income households (high confidence), with children, elderly people and pregnant
women particularly impacted (high confidence). Roughly half of the world’s population currently experience
severe water scarcity for at least some part of the year due to climatic and non-climatic drivers (medium
confidence). (Figure SPM.2b) {3.5, Box 4.1, 4.3, 4.4,5.2,5.4,5.8,5.9,5.12,7.1,7.2,9.8, 10.4, 11.3, 12.3,
13.5,14.4,14.5, 15.3, 16.2, CCP5.2, CCP6.2}

SPM.B.1.4 Climate change has adversely affected physical health of people globally (very high confidence)
and mental health of people in the assessed regions (very high confidence). Climate change impacts on health
are mediated through natural and human systems, including economic and social conditions and disruptions
(high confidence). In all regions extreme heat events have resulted in human mortality and morbidity (very
high confidence). The occurrence of climate-related food-borne and water-borne diseases has increased (very
high confidence). The incidence of vector-borne diseases has increased from range expansion and/or increased
reproduction of disease vectors (high confidence). Animal and human diseases, including zoonoses, are
emerging in new areas (high confidence). Water and food-borne disease risks have increased regionally from
climate-sensitive aquatic pathogens, including Vibrio spp. (high confidence), and from toxic substances from
harmful freshwater cyanobacteria (medium confidence). Although diarrheal diseases have decreased globally,
higher temperatures, increased rain and flooding have increased the occurrence of diarrheal diseases, including
cholera (very high confidence) and other gastrointestinal infections (high confidence). In assessed regions,
some mental health challenges are associated with increasing temperatures (high confidence), trauma from
weather and climate extreme events (very high confidence), and loss of livelihoods and culture (high
confidence). Increased exposure to wildfire smoke, atmospheric dust, and aeroallergens have been associated
with climate-sensitive cardiovascular and respiratory distress (high confidence). Health services have been
disrupted by extreme events such as floods (high confidence). {4.3,5.12, 7.2, Box 7.3, 8.2, 8.3, Figure 8.10,

30 Acute food insecurity can occur at any time with a severity that threatens lives, livelihoods or both, regardless of the causes, context
or duration, as a result of shocks risking determinants of food security and nutrition, and used to assess the need for humanitarian action
(IPC Global Partners, 2019).
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Box 8.6, 9.10, Figure 9.33, Figure 9.34, 10.4, 11.3, 12.3, 13.7, 14.4, 14.5, Figure 14.8, 15.3, 16.2, Table
CCP5.1, CCP5.2.5, CCP6.2, Figure CCP6.3, Table CCB ILLNESS.1}

SPM.B.1.5 In urban settings, observed climate change has caused impacts on human health, livelihoods and
key infrastructure (high confidence). Multiple climate and non-climate hazards impact cities, settlements and
infrastructure and sometimes coincide, magnifying damage (high confidence). Hot extremes including
heatwaves have intensified in cities (high confidence), where they have also aggravated air pollution events
(medium confidence) and limited functioning of key infrastructure (high confidence). Observed impacts are
concentrated amongst the economically and socially marginalized urban residents, e.g., in informal settlements
(high confidence). Infrastructure, including transportation, water, sanitation and energy systems have been
compromised by extreme and slow-onset events, with resulting economic losses, disruptions of services and
impacts to wellbeing (high confidence). {4.3, 6.2, 7.1, 7.2, 9.9, 10.4, 11.3, 12.3, 13.6, 14.5, 15.3, CCP2.2,
CCP4.2, CCP5.2}

SPM.B.1.6 Overall adverse economic impacts attributable to climate change, including slow-onset and
extreme weather events, have been increasingly identified (medium confidence). Some positive economic
effects have been identified in regions that have benefited from lower energy demand as well as comparative
advantages in agricultural markets and tourism (high confidence). Economic damages from climate change
have been detected in climate-exposed sectors, with regional effects to agriculture, forestry, fishery, energy,
and tourism (high confidence), and through outdoor labour productivity (high confidence). Some extreme
weather events, such as tropical cyclones, have reduced economic growth in the short-term (Aigh confidence).
Non-climatic factors including some patterns of settlement, and siting of infrastructure have contributed to the
exposure of more assets to extreme climate hazards increasing the magnitude of the losses (high
confidence). Individual livelihoods have been affected through changes in agricultural productivity, impacts
on human health and food security, destruction of homes and infrastructure, and loss of property and income,
with adverse effects on gender and social equity (high confidence). {3.5, 4.2, 5.12, 6.2, 7.2, 8.2, 9.6, 10.4,
13.10, 14.5, Box 14.6, 16.2, Table 16.5, 18.3, CCP6.2, CCB GENDER, CWGB ECONOMICS}

SPM.B.1.7 Climate change is contributing to humanitarian crises where climate hazards interact with high
vulnerability (high confidence). Climate and weather extremes are increasingly driving displacement in all
regions (high confidence), with small island states disproportionately affected (high confidence). Flood and
drought-related acute food insecurity and malnutrition have increased in Africa (high confidence) and Central
and South America (high confidence). While non-climatic factors are the dominant drivers of existing
intrastate violent conflicts, in some assessed regions extreme weather and climate events have had a small,
adverse impact on their length, severity or frequency, but the statistical association is weak (medium
confidence). Through displacement and involuntary migration from extreme weather and climate events,
climate change has generated and perpetuated vulnerability (medium confidence). {4.2,4.3,5.4,7.2, 9.8, Box
9.9, Box 10.4, 12.3, 12.5, CCB MIGRATE, CCB DISASTER, 16.2}

Vulnerability and Exposure of Ecosystems and People

SPM.B.2 Vulnerability of ecosystems and people to climate change differs substantially among and within
regions (very high confidence), driven by patterns of intersecting socio-economic development, unsustainable
ocean and land use, inequity, marginalization, historical and ongoing patterns of inequity such as colonialism,
and governance®' (high confidence). Approximately 3.3 to 3.6 billion people live in contexts that are highly
vulnerable to climate change (high confidence). A high proportion of species is vulnerable to climate change
(high confidence). Human and ecosystem vulnerability are interdependent (high confidence). Current
unsustainable development patterns are increasing exposure of ecosystems and people to climate hazards (high
confidence). {2.3,2.4,3.5,4.3,6.2,8.2,8.3,9.4,9.7,10.4,12.3, 14.5, 15.3, CCP5.2, CCP6.2, CCP7.3, CCP7 4,
CCB GENDER}

31 Governance: 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.
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SPM.B.2.1 Since AR5 there is increasing evidence that degradation and destruction of ecosystems by humans
increases the vulnerability of people (high confidence). Unsustainable land-use and land cover change,
unsustainable use of natural resources, deforestation, loss of biodiversity, pollution, and their interactions,
adversely affect the capacities of ecosystems, societies, communities and individuals to adapt to climate
change (high confidence). Loss of ecosystems and their services has cascading and long-term impacts on
people globally, especially for Indigenous Peoples and local communities who are directly dependent on
ecosystems, to meet basic needs (high confidence). {2.3,2.5,2.6,3.5,3.6,4.2,4.3,4.6,5.1,5.4,5.5,5.7,5.8,
7.2,8.1,8.2,8.3,84,8.5,9.6,10.4,11.3,12.2, 12.5. 13.8, 14.4, 14.5, 15.3, CCP1.2, CCP1.3, CCP2.2, CCP3,
CCP4.3, CCP5.2, CCP6.2, CCP7.2, CCP7.3, CCP7.4, CCB ILLNESS, CCB MOVING PLATE, CCB SLR}

SPM.B.2.2 Non-climatic human-induced factors exacerbate current ecosystem vulnerability to climate change
(very high confidence). Globally, and even within protected areas, unsustainable use of natural resources,
habitat fragmentation, and ecosystem damage by pollutants increase ecosystem vulnerability to climate change
(high confidence). Globally, less than 15% of the land, 21% of the freshwater and 8% of the ocean are protected
areas. In most protected areas, there is insufficient stewardship to contribute to reducing damage from, or
increasing resilience to, climate change (high confidence). {2.4,2.5,2.6,3.4,3.6,4.2,4.3,5.8,9.6, 11.3, 12.3,
13.3, 13.4, 14.5, 15.3, CCP1.2 Figure CCP1.15, CCP2.1, CCP2.2, CCP4.2, CCP5.2, CCP 6.2, CCP7.2,
CCP7.3, CCB NATURAL}

SPM.B.2.3 Future vulnerability of ecosystems to climate change will be strongly influenced by the past,
present and future development of human society, including from overall unsustainable consumption and
production, and increasing demographic pressures, as well as persistent unsustainable use and management of
land, ocean, and water (high confidence). Projected climate change, combined with non-climatic drivers, will
cause loss and degradation of much of the world’s forests (high confidence), coral reefs and low-lying coastal
wetlands (very high confidence). While agricultural development contributes to food security, unsustainable
agricultural expansion, driven in part by unbalanced diets*, increases ecosystem and human vulnerability and
leads to competition for land and/or water resources (high confidence). {2.2, 2.3, 2.4, 2.6, 3.4, 3.5, 3.6, 4.3,
45,5.6,5.12,5.13,7.2,12.3, 13.3, 13.4, 13.10, 14.5, CCP1.2, CCP2.2, CCP5.2, CCP6.2, CCP7.2, CCP7.3,
CCB NATURAL, CCB HEALTH}

SPM.B.2.4 Regions and people with considerable development constraints have high vulnerability to climatic
hazards (high confidence). Global hotspots of high human vulnerability are found particularly in West-,
Central- and East Africa, South Asia, Central and South America, Small Island Developing States and the
Arctic (high confidence). Vulnerability is higher in locations with poverty, governance challenges and limited
access to basic services and resources, violent conflict and high levels of climate-sensitive livelihoods (e.g.,
smallholder farmers, pastoralists, fishing communities) (high confidence). Between 2010-2020, human
mortality from floods, droughts and storms was 15 times higher in highly vulnerable regions, compared to
regions with very low vulnerability (high confidence). Vulnerability at different spatial levels is exacerbated
by inequity and marginalization linked to gender, ethnicity, low income or combinations thereof (high
confidence), especially for many Indigenous Peoples and local communities (high confidence). Present
development challenges causing high vulnerability are influenced by historical and ongoing patterns of
inequity such as colonialism, especially for many Indigenous Peoples and local communities (high
confidence). {4.2,5.12,6.2,6.4,7.1, 7.2, Box 7.1, 8.2, 8.3, Box 8.4, Figure 8.6, Box 9.1, 9.4, 9.7, 9.9, 10.3,
10.4,10.6, 12.3, 12.5, Box 13.2, 14.4, 15.3, 15.6, 16.2, CCP6.2, CCP7.4}

SPM.B.2.5 Future human vulnerability will continue to concentrate where the capacities of local, municipal
and national governments, communities and the private sector are least able to provide infrastructures and
basic services (high confidence). Under the global trend of urbanization, human vulnerability will also
concentrate in informal settlements and rapidly growing smaller settlements (high confidence). In rural areas
vulnerability will be heightened by compounding processes including high emigration, reduced habitability
and high reliance on climate-sensitive livelihoods (high confidence). Key infrastructure systems including
sanitation, water, health, transport, communications and energy will be increasingly vulnerable if design

32 Balanced diets feature plant-based foods, such as those based on coarse grains, legumes fruits and vegetables, nuts and seeds, and
animal-source foods produced in resilient, sustainable and low-greenhouse gas emissions systems, as described in SRCCL.
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standards do not account for changing climate conditions (high confidence). Vulnerability will also rapidly
rise in low-lying Small Island Developing States and atolls in the context of sea level rise and in some mountain
regions, already characterised by high vulnerability due to high dependence on climate-sensitive livelihoods,
rising population displacement, the accelerating loss of ecosystem services and limited adaptive capacities
(high confidence). Future exposure to climatic hazards is also increasing globally due to socio-economic
development trends including migration, growing inequality and urbanization (high confidence). {4.5, 5.5, 6.2,
7.2, 83,909, 9.11, 10.3, 10.4, 12.3, 12.5, 13.6, 14.5, 15.3, 15.4, 16.5, CCP2.3, CCP4.3, CCP5.2, CCP5.3,
CCP5.4, CCP6.2, CCB MIGRATE}

Risks in the near term (2021-2040)

SPM.B.3 Global warming, reaching 1.5°C in the near-term, would cause unavoidable increases in multiple
climate hazards and present multiple risks to ecosystems and humans (very high confidence). The level of risk
will depend on concurrent near-term trends in vulnerability, exposure, level of socioeconomic development
and adaptation (high confidence). Near-term actions that limit global warming to close to 1.5°C would
substantially reduce projected losses and damages related to climate change in human systems and ecosystems,
compared to higher warming levels, but cannot eliminate them all (very high confidence). (Figure SPM.3, Box
SPM.1) {WGI Table SPM.1, 16.4, 16.5, 16.6, CCP1.2, CCP5.3, CCB SLR, WGI SPM B1.3}

SPM.B.3.1 Near-term warming and increased frequency, severity and duration of extreme events will place
many terrestrial, freshwater, coastal and marine ecosystems at high or very high risks of biodiversity loss
(medium to very high confidence, depending on ecosystem). Near-term risks for biodiversity loss are moderate
to high in forest ecosystems (medium confidence), kelp and seagrass ecosystems (high to very high
confidence), and high to very high in Arctic sea-ice and terrestrial ecosystems (high confidence) and warm-
water coral reefs (very high confidence). Continued and accelerating sea level rise will encroach on coastal
settlements and infrastructure (high confidence) and commit low-lying coastal ecosystems to submergence and
loss (medium confidence). If trends in urbanisation in exposed areas continue, this will exacerbate the impacts,
with more challenges where energy, water and other services are constrained (medium confidence). The
number of people at risk from climate change and associated loss of biodiversity will progressively increase
(medium confidence). Violent conflict and, separately, migration patterns, in the near-term will be driven by
socio-economic conditions and governance more than by climate change (medium confidence). (Figure
SPM.3) {2.5,3.4,4.6,6.2,7.3,8.7,9.2,9.9, 11.6, 12.5, 13.6, 13.10, 14.6, 15.3, 16.5, 16.6, CCP1.2, CCP2.1,
CCP2.2, CCP5.3, CCP6.2, CCP6.3, CCB SLR, CCB MIGRATE}

SPM.B.3.2 In the near term, climate-associated risks to natural and human systems depend more strongly on
changes in their vulnerability and exposure than on differences in climate hazards between emissions scenarios
(high confidence). Regional differences exist, and risks are highest where species and people exist close to
their upper thermal limits, along coastlines, in close association with ice or seasonal rivers (high confidence).
Risks are also high where multiple non-climate drivers persist or where vulnerability is otherwise elevated
(high confidence). Many of these risks are unavoidable in the near-term, irrespective of emission scenario
(high confidence). Several risks can be moderated with adaptation (high confidence). (Figure SPM.3, Section
C){2.5,3.3,3.4,45,62,7.1,7.3,82,11.6,12.4,13.6,13.7,13.10, 14.5, 16.4, 16.5, CCP2.2, CCP4.3, CCP5.3,
CCB SLR, WGI Table SPM.1}

SPM.B.3.3 Levels of risk for all Reasons for Concern (RFC) are assessed to become high to very high at lower
global warming levels than in ARS (high confidence). Between 1.2°C and 4.5°C global warming level very
high risks emerge in all five RFCs compared to just two RFCs in ARS (high confidence). Two of these
transitions from high to very high risk are associated with near-term warming: risks to unique and threatened
systems at a median value of 1.5°C [1.2 to 2.0] °C (high confidence) and risks associated with extreme weather
events at a median value of 2°C [1.8 to 2.5] °C (medium confidence). Some key risks contributing to the RFCs
are projected to lead to widespread, pervasive, and potentially irreversible impacts at global warming levels
of 1.5-2°C if exposure and vulnerability are high and adaptation is low (medium confidence). Near-term
actions that limit global warming to close to 1.5°C would substantially reduce projected losses and damages
related to climate change in human systems and ecosystems, compared to higher warming levels, but cannot
eliminate them all (very high confidence). (Figure SPM.3b) {16.5, 16.6, CCB SLR}
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Mid to Long-term Risks (2041-2100)

SPM.B.4 Beyond 2040 and depending on the level of global warming, climate change will lead to numerous
risks to natural and human systems (%igh confidence). For 127 identified key risks, assessed mid- and long-
term impacts are up to multiple times higher than currently observed (high confidence). The magnitude and
rate of climate change and associated risks depend strongly on near-term mitigation and adaptation actions,
and projected adverse impacts and related losses and damages escalate with every increment of global warming
(very high confidence). (Figure SPM.3) {2.5,3.4,4.4,5.2,6.2,7.3,8.4,9.2,10.2,11.6, 12.4, 13.2, 13.3, 13.4,
13.5,13.6, 13.7, 13.8, 14.6, 15.3, 16.5, 16.6, CCP1.2; CCP2.2, CCP3.3, CCP4.3, CCP5.3, CCP6.3, CCP7.3}

SPM.B.4.1 Biodiversity loss, and degradation, damages to and transformation of ecosystems are already key
risks for every region due to past global warming and will continue to escalate with every increment of global
warming (very high confidence). In terrestrial ecosystems, 3 to 14% of species assessed™ will likely face very
high risk of extinction®® at global warming levels of 1.5°C, increasing up to 3 to 18% at 2°C, 3 to 29% at 3°C,
3t039% at 4°C, and 3 to 48% at 5°C. In ocean and coastal ecosystems, risk of biodiversity loss ranges between
moderate and very high by 1.5°C global warming level and is moderate to very high by 2°C but with more
ecosystems at high and very high risk (4igh confidence), and increases to high to very high across most ocean
and coastal ecosystems by 3°C (medium to high confidence, depending on ecosystem). Very high extinction
risk for endemic species in biodiversity hotspots is projected to at least double from 2% between 1.5°C and
2°C global warming levels and to increase at least tenfold if warming rises from 1.5°C to 3°C (medium
confidence). (Figure SPM.3c, d, f) {2.4, 2.5, 3.4, 3.5,12.3, 12.5, Table 12.6, 13.4, 13.10, 16.4, 16.6, CCP1.2,
Figure CCP1.6; Figure CCP1.7, CCP5.3, CCP6.3, CCB PALEO}

SPM.B.4.2 Risks in physical water availability and water-related hazards will continue to increase by the mid-
to long-term in all assessed regions, with greater risk at higher global warming levels (high confidence). At
approximately 2°C global warming, snowmelt water availability for irrigation is projected to decline in some
snowmelt dependent river basins by up to 20%, and global glacier mass loss of 18 * 13% is projected to
diminish water availability for agriculture, hydropower, and human settlements in the mid- to long-term, with
these changes projected to double with 4°C global warming (medium confidence). In small islands,
groundwater availability is threatened by climate change (high confidence). Changes to streamflow magnitude,
timing and associated extremes are projected to adversely impact freshwater ecosystems in many watersheds
by the mid- to long-term across all assessed scenarios (medium confidence). Projected increases in direct flood
damages are higher by 1.4 to 2 times at 2°C and 2.5 to 3.9 times at 3°C compared to 1.5°C global warming
without adaptation (medium confidence). At global warming of 4°C, approximately 10% of the global land
area is projected to face increases in both extreme high and low river flows in the same location, with
implications for planning for all water use sectors (medium confidence). Challenges for water management
will be exacerbated in the near, mid and long term, depending on the magnitude, rate and regional details of
future climate change and will be particularly challenging for regions with constrained resources for water
management (high confidence). {2.3, Box 4.2,4.4, 4.5, Figure 4.20, 15.3, CCB DISASTER, CCP5.3, SROCC
2.3}

SPM.B.4.3 Climate change will increasingly put pressure on food production and access, especially in
vulnerable regions, undermining food security and nutrition (high confidence). Increases in frequency,
intensity and severity of droughts, floods and heatwaves, and continued sea level rise will increase risks to
food security (high confidence) in vulnerable regions from moderate to high between 1.5°C and 2°C global
warming level, with no or low levels of adaptation (medium confidence). At 2°C or higher global warming
level in the mid-term, food security risks due to climate change will be more severe, leading to malnutrition
and micro-nutrient deficiencies, concentrated in Sub-Saharan Africa, South Asia, Central and South America
and Small Islands (high confidence). Global warming will progressively weaken soil health and ecosystem

33 Numbers of species assessed are in the tens of thousands globally.

34 The term ‘very high risks of extinction’ is used here consistently with the IUCN categories and criteria and equates with “critically
endangered’.
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services such as pollination, increase pressure from pests and diseases, and reduce marine animal biomass,
undermining food productivity in many regions on land and in the ocean (medium confidence). At 3°C or
higher global warming level in the long term, areas exposed to climate-related hazards will expand
substantially compared with 2°C or lower global warming level (high confidence), exacerbating regional
disparity in food security risks (high confidence). (Figure SPM.3) {1.1, 3.3, CCB SLR, 4.5,5.2,54,5.5,5.8,
5.9,5.12, CCB MOVING PLATE, 7.3, 8.3,9.11,13.5,15.3, 16.5, 16.6}

SPM.B.4.4 Climate change and related extreme events will significantly increase ill health and premature
deaths from the near- to long-term (high confidence). Globally, population exposure to heatwaves will continue
to increase with additional warming, with strong geographical differences in heat-related mortality without
additional adaptation (very high confidence). Climate-sensitive food-borne, water-borne, and vector-borne
disease risks are projected to increase under all levels of warming without additional adaptation (high
confidence). In particular, dengue risk will increase with longer seasons and a wider geographic distribution
in Asia, Europe, Central and South America and sub-Saharan Africa, potentially putting additional billions of
people at risk by the end of the century (high confidence). Mental health challenges, including anxiety and
stress, are expected to increase under further global warming in all assessed regions, particularly for children,
adolescents, elderly, and those with underlying health conditions (very high confidence). {4.5,5.12, Box 5.10,
7.3, Fig 7.9, 8.4, 9.10, Fig 9.32, Fig 9.35, 10.4, Fig 10.11, 11.3, 12.3, Fig 12.5, Fig 12.6, 13.7, Fig 13.23, Fig
13.24, 14.5, 15.3, CCP6.2}

SPM.B.4.5 Climate change risks to cities, settlements and key infrastructure will rise rapidly in the mid- and
long-term with further global warming, especially in places already exposed to high temperatures, along
coastlines, or with high vulnerabilities (high confidence). Globally, population change in low-lying cities and
settlements will lead to approximately a billion people projected to be at risk from coastal-specific climate
hazards in the mid-term under all scenarios, including in Small Islands (high confidence). The population
potentially exposed to a 100-year coastal flood is projected to increase by about 20% if global mean sea level
rises by 0.15 m relative to 2020 levels; this exposed population doubles at a 0.75 m rise in mean sea level and
triples at 1.4 m without population change and additional adaptation (medium confidence). Sea level rise poses
an existential threat for some Small Islands and some low-lying coasts (medium confidence). By 2100 the
value of global assets within the future 1-in-100 year coastal floodplains is projected to be between US$7.9
and US$12.7 trillion (2011 value) under RCP4.5, rising to between US$8.8 and US$14.2 trillion under RCP8.5
(medium confidence). Costs for maintenance and reconstruction of urban infrastructure, including building,
transportation, and energy will increase with global warming level (medium confidence), the associated
functional disruptions are projected to be substantial particularly for cities, settlements and infrastructure
located on permafrost in cold regions and on coasts (high confidence). {6.2,9.9, 10.4, 13.6, 13.10, 15.3, 16.5,
CCP2.1, CCP2.2, CCP5.3, CCP6.2, CCB SLR, SROCC 2.3, SROCC CCB9}

SPM.B.4.6 Projected estimates of global aggregate net economic damages generally increase non-linearly
with global warming levels (high confidence).”> The wide range of global estimates, and the lack of
comparability between methodologies, does not allow for identification of a robust range of estimates (high
confidence). The existence of higher estimates than assessed in ARS indicates that global aggregate economic
impacts could be higher than previous estimates (low confidence).*® Significant regional variation in aggregate
economic damages from climate change is projected (high confidence) with estimated economic damages per
capita for developing countries often higher as a fraction of income (high confidence). Economic damages,
including both those represented and those not represented in economic markets, are projected to be lower at
1.5°C than at 3°C or higher global warming levels (high confidence). {4.4,9.11, 11.5, 13.10, Box 14.6, 16.5,
CWGB ECONOMICS}

SPM.B.4.7 In the mid- to long-term, displacement will increase with intensification of heavy precipitation and
associated flooding, tropical cyclones, drought and, increasingly, sea level rise (high confidence). At
progressive levels of warming, involuntary migration from regions with high exposure and low adaptive

35 The assessment found estimated rates of increase in projected global economic damages that were both greater than linear and less
than linear as global warming level increases. There is evidence that some regions could benefit from low levels of warming (high
confidence). {CWGB ECONOMICS}

36 Low confidence assigned due to the assessed lack of comparability and robustness of global aggregate economic damage estimates.
{CWGB ECONOMICS}
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capacity would occur (medium confidence). Compared to other socioeconomic factors the influence of climate
on conflict is assessed as relatively weak (high confidence). Along long-term socioeconomic pathways that
reduce non-climatic drivers, risk of violent conflict would decline (medium confidence). At higher global
warming levels, impacts of weather and climate extremes, particularly drought, by increasing vulnerability
will increasingly affect violent intrastate conflict (medium confidence). {7.3, 16.5, CCB MIGRATE, TSB7.4}

Global and regional risks for increasing levels of global warming
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(e) Climate sensitive health outcomes under three adaptation scenarios
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* Mortality projections include demographic trends but do not include future efforts to improve air quality that reduce ozone concentrations.
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(f) Examples of regional key risks

Absence of risk diagrams does not imply absence of risks within a
region. The development of synthetic diagrams for Small Islands, Asia and Central and
South America was limited due to the paucity of adequately downscaled climate projections,
with uncertainty in the direction of change, the diversity of climatologies and socioeconomic
contexts across countries within a region, and the resulting few numbers of impact and risk
projections for different warming levels.

The risks listed are of at least medium confidence level:
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America

Europe

Central
and
South
America
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tralasia

- Loss of terrestrial, marine and coastal biodiversity and ecosystem services
- Loss of lives and assets, risk to food security and economic disruption due to

destruction of settlements and infrastructure

- Economic decline and livelihood failure of fisheries, agriculture, tourism and from

biodiversity loss from traditional agroecosystems

- Reduced habitability of reef and non-reef islands leading to increased displacement
- Risk to water security in almost every small island

- Climate-sensitive mental health outcomes, human mortality and morbidity due

to increasing average temperature, weather and climate extremes, and
compound climate hazards

- Risk of degradation of marine, coastal and terrestrial ecosystems, including loss

of biodiversity, function, and protective services

- Risk to freshwater resources with consequences for ecosystems, reduced surface

water availability for irrigated agriculture, other human uses, and degraded
water quality

- Risk to food and nutritional security through changes in agriculture, livestock,

hunting, fisheries, and aquaculture productivity and access

- Risks to well-being, livelihoods and economic activities from cascading and

compounding climate hazards, including risks to coastal cities, settlements and
infrastructure from sea-level rise

- Risks to people, economies and infrastructures due to coastal and inland flooding
- Stress and mortality to people due to increasing temperatures and heat extremes
- Marine and terrestrial ecosystems disruptions

- Water scarcity to multiple interconnected sectors

- Losses in crop production, due to compound heat and dry conditions, and extreme

weather

- Risk to water security
- Severe health effects due to increasing epidemics, in particular vector-borne

diseases

- Coral reef ecosystems degradation due to coral bleaching
- Risk to food security due to frequent/extreme droughts
- Damages to life and infrastructure due to floods, landslides, sea level rise, storm

surges and coastal erosion

- Degradation of tropical shallow coral reefs and associated biodiversity and

ecosystem service values

- Loss of human and natural systems in low-lying coastal areas due to sea-level rise
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- Impact on livelihoods and incomes due to decline in agricultural production
- Increase in heat-related mortality and morbidity for people and wildlife
- Loss of alpine biodiversity in Australia due to less snow
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Asia - Urban infrastructure damage and impacts on human well-being and health due in Australasia
to flooding, especially in coastal cities and settlements

- Biodiversity loss and habitat shifts as well as associated disruptions in
dependent human systems across freshwater, land, and ocean ecosystems

- More frequent, extensive coral bleaching and subsequent coral mortality
induced by ocean warming and acidification, sea level rise, marine heat waves
and resource extraction

- Decline in coastal fishery resources due to sea level rise, decrease in
precipitation in some parts and increase in temperature

- Risk to food and water security due to increased temperature extremes, rainfall
variability and drought

America

Africa - Species extinction and reduction or irreversible loss of ecosystems and their
services, including freshwater, land and ocean ecosystems

- Risk to food security, risk of malnutrition (micronutrient deficiency), and loss of
livelihood due to reduced food production from crops, livestock and fisheries

- Risks to marine ecosystem health and to livelihoods in coastal communities

- Increased human mortality and morbidity due to increased heat and infectious
diseases (including vector-borne and diarrhoeal diseases)

- Reduced economic output and growth, and increased inequality and poverty rates

- Increased risk to water and energy security due to drought and heat
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Figure SPM.3: Synthetic diagrams of global and sectoral assessments and examples of regional key risks.
Diagrams show the change in the levels of impacts and risks assessed for global warming of 0-5°C global
surface temperature change relative to pre-industrial period (1850-1900) over the range. (a) Global surface
temperature changes in °C relative to 1850—-1900. These changes were obtained by combining CMIP6 model
simulations with observational constraints based on past simulated warming, as well as an updated assessment
of equilibrium climate sensitivity (Box SPM.1). Changes relative to 1850-1900 based on 20-year averaging
periods are calculated by adding 0.85°C (the observed global surface temperature increase from 1850-1900 to
1995-2014) to simulated changes relative to 1995-2014. Very likely ranges are shown for SSP1-2.6 and SSP3-
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7.0 (WGI Figure SPM.8). Assessments were carried out at the global scale for (b), (c), (d) and (e). (b) The
Reasons for Concern (RFC) framework communicates scientific understanding about accrual of risk for five
broad categories. Diagrams are shown for each RFC, assuming low to no adaptation (i.e., adaptation is
fragmented, localized and comprises incremental adjustments to existing practices). However, the transition
to a very high risk level has an emphasis on irreversibility and adaptation limits. Undetectable risk level (white)
indicates no associated impacts are detectable and attributable to climate change; moderate risk (yellow)
indicates associated impacts are both detectable and attributable to climate change with at least medium
confidence, also accounting for the other specific criteria for key risks; high risk (red) indicates severe and
widespread impacts that are judged to be high on one or more criteria for assessing key risks; and very high
risk level (purple) indicates very high risk of severe impacts and the presence of significant irreversibility or
the persistence of climate-related hazards, combined with limited ability to adapt due to the nature of the
hazard or impacts/risks. The horizontal line denotes the present global warming of 1.09°C which is used to
separate the observed, past impacts below the line from the future projected risks above it. RFC1: Unique and
threatened systems: ecological and human systems that have restricted geographic ranges constrained by
climate-related conditions and have high endemism or other distinctive properties. Examples include coral
reefs, the Arctic and its Indigenous Peoples, mountain glaciers and biodiversity hotspots. RFC2: Extreme
weather events: risks/impacts to human health, livelihoods, assets and ecosystems from extreme weather
events such as heatwaves, heavy rain, drought and associated wildfires, and coastal flooding. RFC3:
Distribution of impacts: risks/impacts that disproportionately affect particular groups due to uneven
distribution of physical climate change hazards, exposure or vulnerability. RFC4: Global aggregate impacts:
impacts to socio-ecological systems that can be aggregated globally into a single metric, such as monetary
damages, lives affected, species lost or ecosystem degradation at a global scale. RFC5: Large-scale singular
events: relatively large, abrupt and sometimes irreversible changes in systems caused by global warming, such
as ice sheet disintegration or thermohaline circulation slowing. Assessment methods are described in SM16.6
and are identical to ARS5, but are enhanced by a structured approach to improve robustness and facilitate
comparison between AR5 and ARG6. Risks for (c) terrestrial and freshwater ecosystems and (d) ocean
ecosystems. For ¢) and d), diagrams shown for each risk assume low to no adaptation. The transition to a very
high risk level has an emphasis on irreversibility and adaptation limits. (e) Climate-sensitive human health
outcomes under three scenarios of adaptation effectiveness. The assessed projections were based on a range
of scenarios, including SRES, CMIP5, and ISIMIP, and, in some cases, demographic trends. The diagrams are
truncated at the nearest whole °C within the range of temperature change in 2100 under three SSP scenarios in
panel (a). (f) Examples of regional key risks. Risks identified are of at least medium confidence level. Key
risks are identified based on the magnitude of adverse consequences (pervasiveness of the consequences,
degree of change, irreversibility of consequences, potential for impact thresholds or tipping points, potential
for cascading effects beyond system boundaries); likelihood of adverse consequences; temporal characteristics
of the risk; and ability to respond to the risk, e.g., by adaptation. The full set of 127 assessed global and regional
key risks is given in SM16.7. Diagrams are provided for some risks. The development of synthetic diagrams
for Small Islands, Asia and Central and South America were limited by the availability of adequately
downscaled climate projections, with uncertainty in the direction of change, the diversity of climatologies and
socio-economic contexts across countries within a region, and the resulting low number of impact and risk
projections for different warming levels. Absence of risks diagrams does not imply absence of risks within a
region. (Box SPM.1) {16.5, 16.6, Figure 16.15, SM16.3, SM16.4, SM16.5, SM16.6 (methodologies), SM16.7,
Figure 2.11, Figure SM3.1, Figure 7.9, Figure 9.6, Figure 11.6, Figure 13.28, Figure CCP6.5, Figure CCP4.8,
Figure CCP4.10, Figure TS.4, WGI Figure SPM.8, WGI SPM A.1.2, Box SPM.1, WGI Ch. 2}

Complex, Compound and Cascading Risks

SPM.B.5 Climate change impacts and risks are becoming increasingly complex and more difficult to manage.
Multiple climate hazards will occur simultaneously, and multiple climatic and non-climatic risks will interact,
resulting in compounding overall risk and risks cascading across sectors and regions. Some responses to
climate change result in new impacts and risks. (high confidence) {1.3, 2.4, Box 2.2, Box 9.5, 11.5, 13.5, 14.6,
Box 15.1, CCP1.2, CCP2.2, CCB DISASTER, CCB INTERREG, CCB SRM, CCB COVID}
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SPM.B.5.1 Concurrent and repeated climate hazards occur in all regions, increasing impacts and risks to
health, ecosystems, infrastructure, livelihoods and food (high confidence). Multiple risks interact, generating
new sources of vulnerability to climate hazards, and compounding overall risk (high confidence). Increasing
concurrence of heat and drought events are causing crop production losses and tree mortality (high confidence).
Above 1.5°C global warming increasing concurrent climate extremes will increase risk of simultaneous crop
losses of maize in major food-producing regions, with this risk increasing further with higher global warming
levels (medium confidence). Future sea level rise combined with storm surge and heavy rainfall will increase
compound flood risks (high confidence). Risks to health and food production will be made more severe from
the interaction of sudden food production losses from heat and drought, exacerbated by heat-induced labour
productivity losses (high confidence). These interacting impacts will increase food prices, reduce household
incomes, and lead to health risks of malnutrition and climate-related mortality with no or low levels of
adaptation, especially in tropical regions (high confidence). Risks to food safety from climate change will
further compound the risks to health by increasing food contamination of crops from mycotoxins and
contamination of seafood from harmful algal blooms, mycotoxins, and chemical contaminants (high
confidence). {5.2,5.4,5.8,5.9,5.11,5.12,7.2,7.3,9.8,9.11, 10.4, 11.3, 11.5, 12.3, 13.5, 14.5, 15.3, Box 15.1,
16.6, CCP1.2, CCP6.2, Figure TS10C, WG1 SPM A.3.1, A.3.2 and C.2.7}

SPM.B.5.2 Adverse impacts from climate hazards and resulting risks are cascading across sectors and regions
(high confidence), propagating impacts along coasts and urban centres (medium confidence) and in mountain
regions (high confidence). These hazards and cascading risks also trigger tipping points in sensitive ecosystems
and in significantly and rapidly changing social-ecological systems impacted by ice melt, permafrost thaw and
changing hydrology in polar regions (high confidence). Wildfires, in many regions, have affected ecosystems
and species, people and their built assets, economic activity, and health (medium to high confidence). In cities
and settlements, climate impacts to key infrastructure are leading to losses and damages across water and food
systems, and affect economic activity, with impacts extending beyond the area directly impacted by the climate
hazard (high confidence). In Amazonia, and in some mountain regions, cascading impacts from climatic (e.g.,
heat) and non-climatic stressors (e.g., land use change) will result in irreversible and severe losses of ecosystem
services and biodiversity at 2°C global warming level and beyond (medium confidence). Unavoidable sea level
rise will bring cascading and compounding impacts resulting in losses of coastal ecosystems and ecosystem
services, groundwater salinisation, flooding and damages to coastal infrastructure that cascade into risks to
livelihoods, settlements, health, well-being, food and water security, and cultural values in the near to long-
term (high confidence). (Figure SPM.3) {2.5, 3.4, 3.5, Box 7.3, Box 8.7, Box 9.4, Box 11.1, 11.5, 12.3, 13.9,
14.6, 15.3, 16.5, 16.6, CCP1.2, CCP2.2, CCP5.2, CCP5.3, CCP6.2, CCP6.3, Box CCP6.1, Box CCP6.2, CCB
EXTREMES, Figure TS.10, WGI SPM Figure SPM.8d}

SPM.B.5.3 Weather and climate extremes are causing economic and societal impacts across national
boundaries through supply-chains, markets, and natural resource flows, with increasing transboundary risks
projected across the water, energy and food sectors (high confidence). Supply chains that rely on specialized
commodities and key infrastructure can be disrupted by weather and climate extreme events. Climate change
causes the redistribution of marine fish stocks, increasing risk of transboundary management conflicts among
fisheries users, and negatively affecting equitable distribution of food provisioning services as fish stocks shift
from lower to higher latitude regions, thereby increasing the need for climate-informed transboundary
management and cooperation (high confidence). Precipitation and water availability changes increases the risk
of planned infrastructure projects, such as hydropower in some regions, having reduced productivity for food
and energy sectors including across countries that share river basins (medium confidence). {Figure TS.10e-f,
3.4,3.5,4.5,5.8,5.13,6.2,9.4,Box 9.5,14.5, Box 14.5, Box 14.6, CCP5.3, CCB EXTREMES, CCB MOVING
PLATE, CCB INTERREG, CCB DISASTER}

SPM B.5.4 Risks arise from some responses that are intended to reduce the risks of climate change, including
risks from maladaptation and adverse side effects of some emission reduction and carbon dioxide removal
measures (high confidence). Deployment of afforestation of naturally unforested land, or poorly implemented
bioenergy, with or without carbon capture and storage, can compound climate-related risks to biodiversity,
water and food security, and livelihoods, especially if implemented at large scales, especially in regions with
insecure land tenure (high confidence). {Box 2.2, 4.1, 4.7, 5.13, Table 5.18, Box 9.3, Box 13.2, CCB
NATURAL, CWGB BIOECONOMY }
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SPM B.5.5 Solar radiation modification approaches, if they were to be implemented, introduce a widespread
range of new risks to people and ecosystems, which are not well understood (high confidence). Solar radiation
modification approaches have potential to offset warming and ameliorate some climate hazards, but substantial
residual climate change or overcompensating change would occur at regional scales and seasonal timescales
(high confidence). Large uncertainties and knowledge gaps are associated with the potential of solar radiation
modification approaches to reduce climate change risks. Solar radiation modification would not stop
atmospheric CO, concentrations from increasing or reduce resulting ocean acidification under continued
anthropogenic emissions (#igh confidence). {XWGB SRM}

Impacts of Temporary Overshoot

SPM.B.6 If global warming transiently exceeds 1.5°C in the coming decades or later (overshoot)*’, then many
human and natural systems will face additional severe risks, compared to remaining below 1.5°C (high
confidence). Depending on the magnitude and duration of overshoot, some impacts will cause release of
additional greenhouse gases (medium confidence) and some will be irreversible, even if global warming is
reduced (high confidence). (Figure SPM.3) {2.5, 3.4, 12.3, 16.6, CCB SLR, CCB DEEP, Box SPM.1}

SPM.B.6.1 While model-based assessments of the impacts of overshoot pathways are limited, observations
and current understanding of processes permit assessment of impacts from overshoot. Additional warming,
e.g., above 1.5°C during an overshoot period this century, will result in irreversible impacts on certain
ecosystems with low resilience, such as polar, mountain, and coastal ecosystems, impacted by ice-sheet,
glacier melt, or by accelerating and higher committed sea level rise (high confidence).*® Risks to human
systems will increase, including those to infrastructure, low-lying coastal settlements, some ecosystem-based
adaptation measures, and associated livelihoods (high confidence), cultural and spiritual values (medium
confidence). Projected impacts are less severe with shorter duration and lower levels of overshoot (medium
confidence). {2.5, 3.4, 12.3, 13.2, 16.5, 16.6, CCP 1.2, CCP5.3, CCP6.1, CCP6.2, CCP2.2, CCB SLR, Box
TS4, SROCC 2.3, SROCC 5.4, WG1 SPM BS5 and C3}

SPM.B.6.2 Risk of severe impacts increase with every additional increment of global warming during
overshoot (high confidence). In high-carbon ecosystems (currently storing 3,000 to 4,000 GtC)* such impacts
are already observed and are projected to increase with every additional increment of global warming, such as
increased wildfires, mass mortality of trees, drying of peatlands, and thawing of permafrost, weakening natural
land carbon sinks and increasing releases of greenhouse gases (medium confidence). The resulting contribution
to a potential amplification of global warming indicates that a return to a given global warming level or below
would be more challenging (medium confidence). {2.4,2.5, CCP4.2, WG1 SPM B.4.3, SROCC 5.4}

SPM.C: Adaptation Measures and Enabling Conditions

Adaptation, in response to current climate change, is reducing climate risks and vulnerability mostly via
adjustment of existing systems. Many adaptation options exist and are used to help manage projected climate
change impacts, but their implementation depends upon the capacity and effectiveness of governance and
decision-making processes. These and other enabling conditions can also support Climate Resilient
Development (Section D).

Current Adaptation and its Benefits

37 In this report, overshoot pathways exceed 1.5°C global warming and then return to that level, or below, after several decades.

38 Despite limited evidence specifically on the impacts of a temporary overshoot of 1.5°C, a much broader evidence base from process
understanding and the impacts of higher global warming levels allows a high confidence statement on the irreversibility of some
impacts that would be incurred following such an overshoot.

39 At the global scale, terrestrial ecosystems currently remove more carbon from the atmosphere (-3.4 + 0.9 Gt yr'') than they emit
(+1.6 £ 0.7 Gt yr'!), a net sink of -1.9 + 1.1 Gt yr'!. However, recent climate change has shifted some systems in some regions from
being net carbon sinks to net carbon sources.
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SPM.C.1 Progress in adaptation planning and implementation has been observed across all sectors and
regions, generating multiple benefits (very high confidence). However, adaptation progress is unevenly
distributed with observed adaptation gaps*’ (high confidence). Many initiatives prioritize immediate and near-
term climate risk reduction which reduces the opportunity for transformational adaptation (kigh confidence).
{2.6,5.14,7.4,10.4, 12.5,13.11, 14.7, 16.3, 17.3, CCP5.2, CCP5.4}

SPM.C.1.1 Adaptation planning and implementation have continued to increase across all regions (very high
confidence). Growing public and political awareness of climate impacts and risks has resulted in at least 170
countries and many cities including adaptation in their climate policies and planning processes (high
confidence). Decision support tools and climate services are increasingly being used (very high confidence).
Pilot projects and local experiments are being implemented in different sectors (high confidence). Adaptation
can generate multiple additional benefits such as improving agricultural productivity, innovation, health and
well-being, food security, livelihood, and biodiversity conservation as well as reduction of risks and damages
(very high confidence). {1.4, CCB ADAPT, 2.6, CCB NATURE, 3.5, 3.6, 4.7, 4.8, 5.4, 5.6, 5.10, 6.4.2, 7.4,
8.5,9.3,9.6,10.4, 12.5,13.11, 15.5, 16.3, 17.2, 17.3, 17.5 CCP5.4}

SPM.C.1.2 Despite progress, adaptation gaps exist between current levels of adaptation and levels needed to
respond to impacts and reduce climate risks (high confidence). Most observed adaptation is fragmented, small
in scale, incremental, sector-specific, designed to respond to current impacts or near-term risks, and focused
more on planning rather than implementation (high confidence). Observed adaptation is unequally distributed
across regions (high confidence), and gaps are partially driven by widening disparities between the estimated
costs of adaptation and documented finance allocated to adaptation (high confidence). The largest adaptation
gaps exist among lower income population groups (kigh confidence). At current rates of adaptation planning
and implementation the adaptation gap will continue to grow (high confidence). As adaptation options often
have long implementation times, long-term planning and accelerated implementation, particularly in the next
decade, is important to close adaptation gaps, recognising that constraints remain for some regions (high
confidence). {1.1, 1.4, 5.6, 6.3, Figure 6.4, 7.4, 8.3, 10.4, 11.3, 11.7, 15.2, Box 13.1, 13.11, 15.5, Box16.1,
Figure 16.4, Figure 16.5, 16.3, 16.5, 17.4, 18.2, CCP2.4, CCP5.4, CCB FINANCE, CCB SLR}

40 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.
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Diverse feasible climate responses and adaptation options exist to respond to Representative Key Risks of climate change, with varying synergies with mitigation
Multidimensional feasibility and synergies with mitigation of climate responses and adaptation options relevant in the near-term, at global scale and up to 1.5°C of global warming
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Climate responses and adaptation options have benefits for ecosystems, ethnic groups, gender equity, low-income groups and the Sustainable Development Goals
Relations of sectors and groups at risk (as observed) and the SDGs (relevant in the near-term, at global scale and up to 1.5°C of global warming) with climate responses and adaptation options
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Figure SPM.4: (a) Climate responses and adaptation options, organized by System Transitions and Representative Key
Risks (RKRs), are assessed for their multidimensional feasibility at global scale, in the near term and up to 1.5°C global
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warming. As literature above 1.5°C is limited, feasibility at higher levels of warming may change, which is currently not
possible to assess robustly. Climate responses and adaptation options at global scale are drawn from a set of options
assessed in AR6 that have robust evidence across the feasibility dimensions. This figure shows the six feasibility
dimensions (economic, technological, institutional, social, environmental and geophysical) that are used to calculate the
potential feasibility of climate responses and adaptation options, along with their synergies with mitigation. For potential
feasibility and feasibility dimensions, the figure shows high, medium, or low feasibility. Synergies with mitigation are
identified as high, medium, and low. Insufficient evidence is denoted by a dash. {CCB FEASIB., Table SMCCB
FEASIB.1.1; SR1.5 4.SM.4.3}

Figure SPM.4: (b) Climate responses and adaptation options, organized by System Transitions and Representative Key
Risks, are assessed at global scale for their likely ability to reduce risks for ecosystems and social groups at risk, as well
as their relation with the 17 Sustainable Development Goals (SDGs). Climate responses and adaptation options are
assessed for observed benefits (+) to ecosystems and their services, ethnic groups, gender equity, and low-income groups,
or observed dis-benefits (-) for these systems and groups. Where there is highly diverging evidence of benefits/ dis-
benefits across the scientific literature, e.g., based on differences between regions, it is shown as not clear or mixed ().
Insufficient evidence is shown by a dash. The relation with the SDGs is assessed as having benefits (+), dis-benefits (-)
or not clear or mixed () based on the impacts of the climate response and adaptation option on each SDG. Areas not
coloured indicate there is no evidence of a relation or no interaction with the respective SDG. The climate responses and
adaptation options are drawn from two assessments. For comparability of climate responses and adaptation options see
Table SM17.5. {17.2, 17.5; CCB FEASIB}

Future Adaptation Options and their Feasibility

SPM.C.2 There are feasible*' and effective*? adaptation options which can reduce risks to people and nature.
The feasibility of implementing adaptation options in the near-term differs across sectors and regions (very
high confidence). The effectiveness of adaptation to reduce climate risk is documented for specific contexts,
sectors and regions (high confidence) and will decrease with increasing warming (4igh confidence). Integrated,
multi-sectoral solutions that address social inequities, differentiate responses based on climate risk and cut
across systems, increase the feasibility and effectiveness of adaptation in multiple sectors (high confidence).
(Figure SPM.4) {Figure TS.6e, 1.4,3.6,4.7,5.12,6.3,7.4,11.3,11.7,13.2,15.5,17.6, CCB FEASIB, CCP2.3}

Land, Ocean and Ecosystems Transition

SPM.C.2.1 Adaptation to water-related risks and impacts make up the majority of all documented adaptation
(high confidence). For inland flooding, combinations of non-structural measures like early warning systems
and structural measures like levees have reduced loss of lives (medium confidence). Enhancing natural water
retention such as by restoring wetlands and rivers, land use planning such as no build zones or upstream forest
management, can further reduce flood risk (medium confidence). On-farm water management, water storage,
soil moisture conservation and irrigation are some of the most common adaptation responses and
provide economic, institutional or ecological benefits and reduce vulnerability (high confidence). Irrigation is
effective in reducing drought risk and climate impacts in many regions and has several livelihood benefits, but
needs appropriate management to avoid potential adverse outcomes, which can include accelerated depletion
of groundwater and other water sources and increased soil salinization (medium confidence). Large scale
irrigation can also alter local to regional temperature and precipitation patterns (high confidence), including
both alleviating and exacerbating temperature extremes (medium confidence). The effectiveness of most water-
related adaptation options to reduce projected risks declines with increasing warming (high confidence). {4.1,

41 In this report, feasibility refers to the potential for a mitigation or adaptation option to be implemented. Factors influencing feasibility
are context-dependent, temporally dynamic, and may vary between different groups and actors. Feasibility depends on geophysical,
environmental-ecological, technological, economic, socio-cultural and institutional factors that enable or constrain the implementation
of an option. The feasibility of options may change when different options are combined and increase when enabling conditions are
strengthened.

42 Effectiveness refers to the extent to which an adaptation option is anticipated or observed to reduce climate-related risk.
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4.6,4.7, Box 4.3, Box 4.6, Box 4.7, Figure 4.28, Figure 4.29, Table 4.9, 9.3,9.7, 11.3, 12.5, 13.1, 13.2, 16.3,
CCP5.4, Figure 4.22}

SPM.C.2.2 Effective adaptation options, together with supportive public policies enhance food availability
and stability and reduce climate risk for food systems while increasing their sustainability (medium
confidence). Effective options include cultivar improvements, agroforestry, community-based adaptation,
farm and landscape diversification, and urban agriculture (high confidence). Institutional feasibility,
adaptation limits of crops and cost effectiveness also influence the effectiveness of the adaptation options
(limited evidence, medium agreement). Agroecological principles and practices, ecosystem-based
management in fisheries and aquaculture, and other approaches that work with natural processes support food
security, nutrition, health and well-being, livelihoods and biodiversity, sustainability and ecosystem services
(high confidence). These services include pest control, pollination, buffering of temperature extremes, and
carbon sequestration and storage (high confidence). Trade-offs and barriers associated with such approaches
include costs of establishment, access to inputs and viable markets, new knowledge and management (4igh
confidence) and their potential effectiveness varies by socio-economic context, ecosystem zone, species
combinations and institutional support (medium confidence). Integrated, multi-sectoral solutions that address
social inequities and differentiate responses based on climate risk and local situation will enhance food security
and nutrition (high confidence). Adaptation strategies which reduce food loss and waste or support balanced
diets* (as described in the IPCC Special Report on Climate Change and Land) contribute to nutrition, health,
biodiversity and other environmental benefits (high confidence). {3.2,4.7,4.6, Box 4.3,5.4,5.5,5.6,5.8, 5.9,
5.10, 5.11, 5.12, 5.13, 5.14, 7.4, Box 5.10, Box 5.13, 6.3, 10.4, 12.5, 13.5, 13.10, 14.5, CWGB
BIOECONOMY, CCB MOVING PLATE, CCB NATURAL, CCB FEASIB, CCP5.4, CCB HEALTH}

SPM.C.2.3 Adaptation for natural forests*® includes conservation, protection and restoration measures. In
managed forests*, adaptation options include sustainable forest management, diversifying and adjusting tree
species compositions to build resilience, and managing increased risks from pests and diseases and wildfires.
Restoring natural forests and drained peatlands and improving sustainability of managed forests, generally
enhances the resilience of carbon stocks and sinks. Cooperation, and inclusive decision making, with local
communities and Indigenous Peoples, as well as recognition of inherent rights of Indigenous Peoples, is
integral to successful forest adaptation in many areas. (high confidence) {2.6, Box 2.2, CCB NATURAL, CCB
FEASIB, CCB INDIG, 5.6, 5.13, 11.4, 12.5, 13.5, Box 14.1, Box 14.2, Table 5.23, Box CCP7.1, CCP7.5}.

SPM.C.2.4 Conservation, protection and restoration of terrestrial, freshwater, coastal and ocean ecosystems,
together with targeted management to adapt to unavoidable impacts of climate change, reduces the
vulnerability of biodiversity to climate change (high confidence). The resilience of species, biological
communities and ecosystem processes increases with size of natural area, by restoration of degraded areas and
by reducing non-climatic stressors (high confidence). To be effective, conservation and restoration actions will
increasingly need to be responsive, as appropriate, to ongoing changes at various scales, and plan for future
changes in ecosystem structure, community composition and species’ distributions, especially as 1.5°C global
warming is approached and even more so if it is exceeded (high confidence). Adaptation options, where
circumstances allow, include facilitating the movement of species to new ecologically appropriate locations,
particularly through increasing connectivity between conserved or protected areas, targeted intensive
management for vulnerable species and protecting refugial areas where species can survive locally (medium
confidence). {2.3, Figure 2.1, 2,6, Table 2.6, 2.6, 3.6, Box 3.4, 4.6, Box 11.2, 12.3, 12.5, 3.3, 13.4, 14.7, Box
4.6, CCP5.4, CCB FEASIB}

SPM.C.2.5 Effective Ecosystem-based Adaptation** reduces a range of climate change risks to people,
biodiversity and ecosystem services with multiple co-benefits (high confidence). Ecosystem-based Adaptation

43 In this report, the term natural forests describes those which are subject to little or no direct human intervention, whereas the term
managed forests describes those where planting or other management activities take place, including those managed for commodity
production.

44 Ecosystem based Adaptation (EbA) is recognised internationally under the Convention on Biological Diversity (CBD14/5). A related
concept is Nature-based Solutions (NbS), which includes a broader range of approaches with safeguards, including those that contribute
to adaptation and mitigation. The term ‘Nature-based Solutions’ is widely but not universally used in the scientific literature. The term
is the subject of ongoing debate, with concerns that it may lead to the misunderstanding that NbS on its own can provide a global
solution to climate change.
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is vulnerable to climate change impacts, with effectiveness declining with increasing global warming (high
confidence). Urban greening using trees and other vegetation can provide local cooling (very high
confidence). Natural river systems, wetlands and upstream forest ecosystems reduce flood risk by storing water
and slowing water flow, in most circumstances (high confidence). Coastal wetlands protect against coastal
erosion and flooding associated with storms and sea level rise where sufficient space and adequate habitats are
available until rates of sea level rise exceeds natural adaptive capacity to build sediment (very high confidence).
{2.4,2.5, 2.6, Table 2.7, 3.4, 3.5, 3.6, Figure 3.26, 4.6, Box 4.6, Box 4.7, 5.5, 5.14, Box 5.11, 6.3, 6.4, Figure
6.6, 7.4, 8.5, 8.6,9.6,9.8,9.9,10.2, 11.3, 12.5, 13.3, 13.4, 13.5, 14.5, Box 14.7, 16.3, 18.3, CCB HEALTH,
CCB NATURAL, CCB MOVING PLATE, CCB FEASIB.3, CWGB BIOECONOMY, CCP5.4}

Urban, Rural and Infrastructure Transition

SPM.C.2.6 Considering climate change impacts and risks in the design and planning of urban and rural
settlements and infrastructure is critical for resilience and enhancing human well-being (high confidence). The
urgent provision of basic services, infrastructure, livelihood diversification and employment, strengthening of
local and regional food systems and community-based adaptation enhance lives and livelihoods, particularly
of low-income and marginalised groups (4igh confidence). Inclusive, integrated and long-term planning at
local, municipal, sub-national and national scales, together with effective regulation and monitoring systems
and financial and technological resources and capabilities foster urban and rural system transition (high
confidence). Effective partnerships between governments, civil society, and private sector organizations,
across scales provide infrastructure and services in ways that enhance the adaptive capacity of vulnerable
people (medium to high confidence). {5.12, 5.13, 5.14, Box 6.3, 6.3, 6.4, Box 6.6, Table 6.6, 7.4, 12.5, 13.6,
14.5, Box14.4, Box17.4, CCB FEASIB, CCP2.3, CCP2.4, CCP5.4}

SPM.C.2.7 An increasing number of adaptation responses exist for urban systems, but their feasibility and
effectiveness is constrained by institutional, financial, and technological access and capacity, and depends on
coordinated and contextually appropriate responses across physical, natural and social infrastructure (high
confidence). Globally, more financing is directed at physical infrastructure than natural and social
infrastructure (medium confidence) and there is limited evidence of investment in the informal settlements
hosting the most vulnerable urban residents (medium to high confidence). Ecosystem-based adaptation (e.g.,
urban agriculture and forestry, river restoration) has increasingly been applied in urban areas (high confidence).
Combined ecosystem-based and structural adaptation responses are being developed, and there is growing
evidence of their potential to reduce adaptation costs and contribute to flood control, sanitation, water
resources management, landslide prevention and coastal protection (medium confidence). {3.6, Box 4.6, 5.12,
6.3, 6.4, Table 6.8,7.4,9.7,9.9, 10.4, Table 10.3, 11.3, 11.7, Box 11.6, 12.5, 13.2, 13.3, 13.6, 14.5, 15.5, 17.2,
Box 17.4, CCB FEASIB, CCP2.3, CCP 3.2, CCP5.4, CCB SLR, SROCC ES}

SPM C.2.8: Sea level rise poses a distinctive and severe adaptation challenge as it implies dealing with slow
onset changes and increased frequency and magnitude of extreme sea level events which will escalate in the
coming decades (high confidence). Such adaptation challenges would occur much earlier under high rates of
sea level rise, in particular if low-likelihood, high impact outcomes associated with collapsing ice sheets occur
(high confidence). Responses to ongoing sea level rise and land subsidence in low-lying coastal cities and
settlements and small islands include protection, accommodation, advance and planned relocation (Aigh
confidence)®. These responses are more effective if combined and/or sequenced, planned well ahead, aligned
with sociocultural values and development priorities, and underpinned by inclusive community engagement
processes (high confidence). {CCB SLR, CCP2.3, 6.2, 10.4, 11.7, Box 11.6, 13.2.2, 14.5.9.2, 15.5, SROCC
ES: C3.2, WGI SPM BS, C3}

SPM.C.2.9 Approximately 3.4 billion people globally live in rural areas around the world, and many are highly
vulnerable to climate change. Integrating climate adaptation into social protection programs, including cash
transfers and public works programmes, is highly feasible and increases resilience to climate change,
especially when supported by basic services and infrastructure. Social safety nets are increasingly being
reconfigured to build adaptive capacities of the most vulnerable in rural and also urban communities. Social

45 The term ‘response’ is used here instead of adaptation because some responses, such as retreat, may or may not be considered to be
adaptation.
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safety nets that support climate change adaptation have strong co-benefits with development goals such as
education, poverty alleviation, gender inclusion and food security. (high confidence) {5.14, 9.4, 9.10, 9.11,
12.5, 14.5, CCB GENDER, CCB FEASIB, CCP5.4}

Energy System Transition

SPM.C.2.10 Within energy system transitions, the most feasible adaptation options support infrastructure
resilience, reliable power systems and efficient water use for existing and new energy generation systems (very
high confidence). Energy generation diversification, including with renewable energy resources and generation
that can be decentralised depending on context (e.g., wind, solar, small scale hydroelectric) and demand side
management (e.g., storage, and energy efficiency improvements) can reduce vulnerabilities to climate change,
especially in rural populations (high confidence). Adaptations for hydropower and thermo-electric power
generation are effective in most regions up to 1.5°C to 2°C, with decreasing effectiveness at higher levels of
warming (medium confidence). Climate responsive energy markets, updated design standards on energy assets
according to current and projected climate change, smart-grid technologies, robust transmission systems and
improved capacity to respond to supply deficits have high feasibility in the medium- to long-term, with
mitigation co-benefits (very high confidence). {4.6, 4.7, Figure 4.28, Figure 4.29, 10.4, Table 11.8, Figure
13.19, Figure 13.16, 13.6, 18.3, CCB FEASIB, CWGB BIOECONOMY, CCP5.2, CCP5.4}

Cross-cutting Options

SPM.C.2.11 Strengthening the climate resiliency of health systems will protect and promote human health
and wellbeing (high confidence). There are multiple opportunities for targeted investments and finance to
protect against exposure to climate hazards, particularly for those at highest risk. Heat Health Action Plans
that include early warning and response systems are effective adaptation options for extreme heat (high
confidence). Effective adaptation options for water-borne and food-borne diseases include improving access
to potable water, reducing exposure of water and sanitation systems to flooding and extreme weather events,
and improved early warning systems (very high confidence). For vector-borne diseases, effective adaptation
options include surveillance, early warning systems, and vaccine development (very high confidence).
Effective adaptation options for reducing mental health risks under climate change include improving
surveillance, access to mental health care, and monitoring of psychosocial impacts from extreme weather
events (high confidence). Health and well-being would benefit from integrated adaptation approaches that
mainstream health into food, livelihoods, social protection, infrastructure, water and sanitation policies
requiring collaboration and coordination at all scales of governance (very high confidence). {5.12, 6.3, 7.4,
9.10, Box 9.7, 11.3, 12.5, 13.7, 14.5, CCB FEASIB, CCB ILLNESS, CCB COVID}.

SPM.C.2.12 Increasing adaptive capacities minimises the negative impacts of climate-related displacement
and involuntary migration for migrants and sending and receiving areas (high confidence). This improves the
degree of choice under which migration decisions are made, ensuring safe and orderly movements of people
within and between countries (high confidence). Some development reduces underlying vulnerabilities
associated with conflict, and adaptation contributes by reducing the impacts of climate change on climate
sensitive drivers of conflict (high confidence). Risks to peace are reduced, for example, by supporting people
in climate-sensitive economic activities (medium confidence) and advancing women’s empowerment (/igh
confidence). {7.4,12.5, CCB MIGRATE, Box 9.8, Box 10.2, CCB FEASIB}

SPM.C.2.13 There are a range of adaptation options, such as disaster risk management, early warning systems,
climate services and risk spreading and sharing that have broad applicability across sectors and provide greater
benefits to other adaptation options when combined (kigh confidence). For example, climate services that are
inclusive of different users and providers can improve agricultural practices, inform better water use and
efficiency, and enable resilient infrastructure planning (high confidence). {2.6,3.6,4.7,5.4,5.5,5.6,5.8,5.9,
5.12,5.14,9.4,9.8,10.4, 12.5, 13.11, CCB MOVING PLATE, CCB FEASIB, CCP5.4}

Limits to Adaptation

SPM.C.3 Soft limits to some human adaptation have been reached, but can be overcome by addressing a range
of constraints, primarily financial, governance, institutional and policy constraints (high confidence). Hard

Subject to Copyedit SPM-26 Total pages: 35



APPROVED Summary for Policymakers IPCC WGII Sixth Assessment Report

limits to adaptation have been reached in some ecosystems (4igh confidence). With increasing global warming,
losses and damages will increase and additional human and natural systems will reach adaptation limits (high
confidence). {Figure TS.7, 1.4, 2.4, 2.5, 2.6, CCB SLR, 3.4, 3.6, 4.7, Figure 4.30, 5.5, Table 8.6, Box 10.7,
11.7, Table 11.16, 12.5 13.2, 13.5, 13.6, 13.10, 13.11, Figure 13.21, 14.5, 15.6, 16.4, Figure 16.8, Table 16.3,
Table 16.4, CCP1.2, CCP1.3, CCP2.3, CCP3.3, CCP5.2, CCP5.4, CCP6.3, CCP7.3}

SPM.C.3.1 Soft limits to some human adaptation have been reached, but can be overcome by addressing a
range of constraints, which primarily consist of financial, governance, institutional and policy constraints (high
confidence). For example, individuals and households in low lying coastal areas in Australasia and Small
Islands and smallholder farmers in Central and South America, Africa, Europe and Asia have reached soft
limits (medium confidence). Inequity and poverty also constrain adaptation, leading to soft limits and resulting
in disproportionate exposure and impacts for most vulnerable groups (high confidence). Lack of climate
literacy at all levels and limited availability of information and data pose further constraints to adaptation
planning and implementation (medium confidence). {1.4,4.7, 5.4, Table 8.6, 8.4,9.1,9.4,9.5,9.8, 11.7, 12.5
13.5,15.3, 15.5, 15.6, 16.4, Figure 16.8, 16.4, Box 16.1, CCP5.2, CCP5.4, CCP6.3}

SPM.C.3.2 Financial constraints are important determinants of soft limits to adaptation across sectors and all
regions (high confidence). Although global tracked climate finance has shown an upward trend since ARS,
current global financial flows for adaptation, including from public and private finance sources, are insufficient
for and constrain implementation of adaptation options especially in developing countries (high confidence).
The overwhelming majority of global tracked climate finance was targeted to mitigation while a small
proportion was targeted to adaptation (very high confidence). Adaptation finance has come predominantly
from public sources (very high confidence). Adverse climate impacts can reduce the availability of financial
resources by incurring losses and damages and through impeding national economic growth, thereby further
increasing financial constraints for adaptation, particularly for developing and least developed countries
(medium confidence). {1.4,2.6, 3.6, 4.7, Figure 4.30, 5.14, 7.4, Table 8.6, 8.4,9.4,9.9,9.11, 10.5, 12.5, 13.3,
13.11, Box 14.4, 15.6, 16.2, 16.4, Figure 16.8, Table 16.4, 17.4, 18.1, CCB FINANCE, CCP2.4, CCP5.4,
CCP6.3, Figure TS 7}

SPM.C.3.3 Many natural systems are near the hard limits of their natural adaptation capacity and additional
systems will reach limits with increasing global warming (high confidence). Ecosystems already reaching or
surpassing hard adaptation limits include some warm water coral reefs, some coastal wetlands, some
rainforests, and some polar and mountain ecosystems (high confidence). Above 1.5°C global warming level,
some ecosystem-based adaptation measures will lose their effectiveness in providing benefits to people as
these ecosystems will reach hard adaptation limits (high confidence). {1.4, 2.4, 2.6, 3.4, 3.6, CCB SLR, 9.6,
Box11.2,13.4, 14.5, 15.5, 16.4, 16.6, 17.2, CCP1.2, CCP5.2, CCP6.3, CCP7.3, Figure SPM.4}

SPM.3.4 In human systems, some coastal settlements face soft adaptation limits due to technical and financial
difficulties of implementing coastal protection (high confidence). Above 1.5°C global warming level, limited
freshwater resources pose potential hard limits for Small Islands and for regions dependent on glacier and
snow-melt (medium confidence). By 2°C global warming level, soft limits are projected for multiple staple
crops in many growing areas, particularly in tropical regions (high confidence). By 3°C global warming level,
soft limits are projected for some water management measures for many regions, with hard limits projected
for parts of Europe (medium confidence). Transitioning from incremental to transformational adaptation can
help overcome soft adaptation limits (high confidence). {1.4, 4.7, 5.4, 5.8, 7.2, 7.3, 8.4, Table 8.6, 9.8, 10.4,
12.5,13.2,13.6, 16.4, 17.2, CCB SLR, CCP1.3. Box CCP1.1, CCP2.3, CCP3.3, CCP4.4, CCP5.3}

SPM.C.3.5 Adaptation does not prevent all losses and damages, even with effective adaptation and before
reaching soft and hard limits. Losses and damages are unequally distributed across systems, regions and sectors
and are not comprehensively addressed by current financial, governance and institutional arrangements,
particularly in vulnerable developing countries. With increasing global warming, losses and damages increase
and become increasingly difficult to avoid, while strongly concentrated among the poorest vulnerable

46 Climate literacy encompasses being aware of climate change, its anthropogenic causes and implications.
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populations. (high confidence) {1.4, 2.6, 3.4, 3.6, 6.3, Figure 6.4, 8.4, 13.7, 13.2, 13.10, 17.2, CCB LOSS,
CCB SLR, CCP2.3, CCP4.4, CWGB ECONOMIC}

Avoiding Maladaptation

SPM.C.4 There is increased evidence of maladaptation'’ across many sectors and regions since the ARS.
Maladaptive responses to climate change can create lock-ins of vulnerability, exposure and risks that are
difficult and expensive to change and exacerbate existing inequalities. Maladaptation can be avoided by
flexible, multi-sectoral, inclusive and long-term planning and implementation of adaptation actions with
benefits to many sectors and systems. (high confidence) {1.3, 1.4, 2.6., Box 2.2, 3.2, 3.6, Box 4.3, Box 4.5,
4.6, 4.7, Figure 4.29, 5.6, 5.13, 8.2, 8.3, 8.4, 8.6, 9.6,9.7, 9.8, 9.9, 9.10, 9.11, Box 9.5, Box 9.8, Box 9.9, Box
11.6, 13.11, 13.3, 13.4, 13.5, 14.5, 15.5, 15.6, 16.3, 17.3, 17.4, 17.6, 17.2, 17.5, CCP5.4, CCB NATURAL,
CCB SLR, CCB DEEP, CWGB BIOECONOMY, CCP2.3, CCP2.3}

SPM.C.4.1 Actions that focus on sectors and risks in isolation and on short-term gains often lead to
maladaptation if long-term impacts of the adaptation option and long-term adaptation commitment are not
taken into account (high confidence). The implementation of these maladaptive actions can result in
infrastructure and institutions that are inflexible and/or expensive to change (high confidence). For example,
seawalls effectively reduce impacts to people and assets in the short-term but can also result in lock-ins and
increase exposure to climate risks in the long-term unless they are integrated into a long-term adaptive plan
(high confidence). Adaptation integrated with development reduces lock-ins and creates opportunities (e.g.,
infrastructure upgrading) (medium confidence). {1.4,3.4,3.6,10.4,11.7,Box 11.6,13.2,17.2,17.5,17.6, CCP
2.3, CCB SLR, CCB DEEP}

SPM.C.4.2 Biodiversity and ecosystem resilience to climate change are decreased by maladaptive actions,
which also constrain ecosystem services. Examples of these maladaptive actions for ecosystems include fire
suppression in naturally fire-adapted ecosystems or hard defences against flooding. These actions reduce space
for natural processes and represent a severe form of maladaptation for the ecosystems they degrade, replace
or fragment, thereby reducing their resilience to climate change and the ability to provide ecosystem services
for adaptation. Considering biodiversity and autonomous adaptation in long-term planning processes reduces
the risk of maladaptation. (high confidence) {2.4, 2.6, Table 2.7, 3.4, 3.6, 4.7, 5.6, 5.13, Table 5.21, 5.13, Box
13.2,17.2,17.5, Table 5.23, Box 11.2, 13.2, CCP5.4}

SPM.C.4.3 Maladaptation especially affects marginalised and vulnerable groups adversely (e.g., Indigenous
Peoples, ethnic minorities, low-income households, informal settlements), reinforcing and entrenching
existing inequities. Adaptation planning and implementation that do not consider adverse outcomes for
different groups can lead to maladaptation, increasing exposure to risks, marginalising people from certain
socio-economic or livelihood groups, and exacerbating inequity. Inclusive planning initiatives informed by
cultural values, Indigenous knowledge, local knowledge, and scientific knowledge can help prevent
maladaptation. (high confidence) (Figure SPM.4) {2.6, 3.6, 4.3, 4.6, 4.8, 5.12, 5.13, 5.14, 6.1, Box 7.1, 8.4,
11.4,12.5,Box 13.2, 14.4, Box 14.1, 17.2,17.5, 18.2, 17.2., CCP2.4}

SPM.C.4.4 To minimize maladaptation, multi-sectoral, multi-actor and inclusive planning with flexible
pathways encourages low-regret*’ and timely actions that keep options open, ensure benefits in multiple sectors
and systems and indicate the available solution space for adapting to long-term climate change (very high
confidence). Maladaptation is also minimized by planning that accounts for the time it takes to adapt (high
confidence), the uncertainty about the rate and magnitude of climate risk (medium confidence) and a wide
range of potentially adverse consequences of adaptation actions (high confidence). {1.4, 3.6, 5.12, 5.13, 5.14,
11.6,11.7,17.3, 17.6, CCP2.3, CCP2.4, CCB SLR, CCB DEEP; CCP5.4}

47 From ARS, an option that would generate net social and/or economic benefits under current climate change and a range of future
climate change scenarios, and represent one example of robust strategies.
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Enabling Conditions

SPM.C.5 Enabling conditions are key for implementing, accelerating and sustaining adaptation in human
systems and ecosystems. These include political commitment and follow-through, institutional frameworks,
policies and instruments with clear goals and priorities, enhanced knowledge on impacts and solutions,
mobilization of and access to adequate financial resources, monitoring and evaluation, and inclusive
governance processes. (high confidence) {1.4, 2.6, 3.6, 4.8, 6.4, 7.4, 8.5, 9.4, 10.5, 11.4, 11.7, 12.5, 13.11,
14.7, 15.6, 17.4, 18.4, CCB INDIG, CCB FINANCE, CCP2.4, CCP5.4}

SPM.C.5.1 Political commitment and follow-through across all levels of government accelerate the
implementation of adaptation actions (high confidence). Implementing actions can require large upfront
investments of human, financial and technological resources (4igh confidence), whilst some benefits could
only become visible in the next decade or beyond (medium confidence). Accelerating commitment and follow-
through is promoted by rising public awareness, building business cases for adaptation, accountability and
transparency mechanisms, monitoring and evaluation of adaptation progress, social movements, and climate-
related litigation in some regions (medium confidence). {3.6, 4.8, 5.8, 6.4, 8.5, 9.4, 11.7, 12.5, 13.11, 17.4,
17.5,18.4, CCB COVID, CCP2.4}

SPM.C.5.2 Institutional frameworks, policies and instruments that set clear adaptation goals and define
responsibilities and commitments and that are coordinated amongst actors and governance levels, strengthen
and sustain adaptation actions (very high confidence). Sustained adaptation actions are strengthened by
mainstreaming adaptation into institutional budget and policy planning cycles, statutory planning, monitoring
and evaluation frameworks and into recovery efforts from disaster events (high confidence). Instruments that
incorporate adaptation such as policy and legal frameworks, behavioural incentives, and economic instruments
that address market failures, such as climate risk disclosure, inclusive and deliberative processes strengthen
adaptation actions by public and private actors (medium confidence). {1.4, 3.6, 4.8, 5.14, 6.3, 6.4, 7.4, 9.4,
10.4,11.7, Box 11.6, Table 11.17, 13.10, 13.11, 14.7, 15.6, 17.3, 17.4, 17.5, 17.6, 18.4, CCB DEEP, CCP2 .4,
CCP5.4, CCP6.3}

SPM.C.5.3 Enhancing knowledge on risks, impacts, and their consequences, and available adaptation options
promotes societal and policy responses (high confidence). A wide range of top-down, bottom-up and co-
produced processes and sources can deepen climate knowledge and sharing, including capacity building at all
scales, educational and information programmes, using the arts, participatory modelling and climate services,
Indigenous knowledge and local knowledge and citizen science (high confidence). These measures can
facilitate awareness, heighten risk perception and influence behaviours (high confidence). {1.3, 3.6, 4.8, 5.9,
5.14, 6.4, Table 6.8, 7.4, 9.4, 10.5, 11.1, 11.7, 12.5, 13.9, 13.11, 14.3, 15.6, 15.6, 17.4, 18.4, CCB INDIG,
CCP2.4.1}.

SPMC.5.4 With adaptation finance needs estimated to be higher than those presented in ARS, enhanced
mobilization of and access to financial resources are essential for implementation of adaptation and to reduce
adaptation gaps (high confidence). Building capacity and removing some barriers to accessing finance is
fundamental to accelerate adaptation, especially for vulnerable groups, regions and sectors (high confidence).
Public and private finance instruments include inter alia grants, guarantee, equity, concessional debt, market
debt, and internal budget allocation as well as savings in households and insurance. Public finance is an
important enabler of adaptation (high confidence). Public mechanisms and finance can leverage private sector
finance for adaptation by addressing real and perceived regulatory, cost and market barriers, for example via
public-private partnerships (high confidence). Financial and technological resources enable effective and
ongoing implementation of adaptation, especially when supported by institutions with a strong understanding
of adaptation needs and capacity (high confidence). {4.8, 5.14, 6.4, Table 6.10, 7.4, 9.4, Table 11.17, 12.5,
13.11, 15.6, 17.4, 18.4, BOX 18.9, CCP5.4, CCB FINANCE}.

SPM.C.5.5 Monitoring and evaluation (M&E) of adaptation are critical for tracking progress and enabling
effective adaptation (high confidence). M&E implementation is currently limited (4igh confidence) but has
increased since ARS at local and national levels. Although most of the monitoring of adaptation is focused
towards planning and implementation, the monitoring of outcomes is critical for tracking the effectiveness and
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progress of adaptation (high confidence). M&E facilitates learning on successful and effective adaptation
measures, and signals when and where additional action may be needed. M&E systems are most effective
when supported by capacities and resources and embedded in enabling governance systems (%igh confidence).
{1.4,2.6,6.4,7.4,11.7,11.8,13.2, 13.11, 17.5, 18.4, CCB PROGRESS, CCB NATURAL, CCB ILLNESS,
CCB DEEP, CCP2.4}.

SPM.C.5.6 Inclusive governance that prioritises equity and justice in adaptation planning and implementation
leads to more effective and sustainable adaptation outcomes (high confidence). Vulnerabilities and climate
risks are often reduced through carefully designed and implemented laws, policies, processes, and
interventions that address context specific inequities such as based on gender, ethnicity, disability, age,
location and income (high confidence). These approaches, which include multi-stakeholder co-learning
platforms, transboundary collaborations, community-based adaptation and participatory scenario planning,
focus on capacity-building, and meaningful participation of the most vulnerable and marginalised groups, and
their access to key resources to adapt (high confidence). {1.4, 2.6, 3.6, 4.8, 5.4, 5.8, 5.9, 5.13, 6.4, 7.4, 8.5,
11.8, 12.5, 13.11, 14.7, 15.5, 15.7, 17.3, 17.5, 18.4, CCB HEALTH, CCB GENDER, CCB INDIG, CCP2.4,
CCP5.4, CCP6.4}

SPM.D: Climate Resilient Development

Climate Resilient Development integrates adaptation measures and their enabling conditions (Section C) with
mitigation to advance sustainable development for all. Climate resilient development involves questions of
equity and system transitions in land, ocean and ecosystems; urban and infrastructure; energy; industry; and
society and includes adaptations for human, ecosystem and planetary health. Pursuing climate resilient
development focuses on both where people and ecosystems are co-located as well as the protection and
maintenance of ecosystem function at the planetary scale. Pathways for advancing climate resilient
development are development trajectories that successfully integrate mitigation and adaptation actions to
advance sustainable development. Climate resilient development pathways may be temporarily coincident
with any RCP and SSP scenario used throughout AR6, but do not follow any particular scenario in all places
and over all time.

Conditions for Climate Resilient Development

SPM.D.1 Evidence of observed impacts, projected risks, levels and trends in vulnerability, and adaptation
limits, demonstrate that worldwide climate resilient development action is more urgent than previously
assessed in ARS. Comprehensive, effective, and innovative responses can harness synergies and reduce trade-
offs between adaptation and mitigation to advance sustainable development. (very high confidence) {2.6, 3.4,
3.6,42,4.6,7.2,7.4,8.3,8.4,9.3,10.6,13.3,13.8, 13.10, 14.7, 17.2, 18.3, Figure 18.1, Table 18.5, Box 18.1}

SPM.D.1.1 There is a rapidly narrowing window of opportunity to enable climate resilient development.
Multiple climate resilient development pathways are still possible by which communities, the private sector,
governments, nations and the world can pursue climate resilient development — each involving and resulting
from different societal choices influenced by different contexts and opportunities and constraints on system
transitions. Climate resilient development pathways are progressively constrained by every increment of
warming, in particular beyond 1.5°C, social and economic inequalities, the balance between adaptation and
mitigation varying by national, regional and local circumstances and geographies, according to capabilities
including resources, vulnerability, culture and values, past development choices leading to past emissions and
future warming scenarios, bounding the climate resilient development pathways remaining, and the ways in
which development trajectories are shaped by equity, and social and climate justice. (very high confidence)
{2.6,4.7,4.8,5.14,6.4,7.4,83,9.4,9.3,9.4,9.5,10.6, 11.8, 12.5, 13.10, 14.7, 15.3, 18.5, CCP2.3, CCP3 .4,
CCP4.4, CCP5.3, CCP5.4, Table CCP5.2, CCP6.3, CCP7.5, Figure TS14.d}
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SPM.D.1.2 Opportunities for climate resilient development are not equitably distributed around the world
(very high confidence). Climate impacts and risks exacerbate vulnerability and social and economic
inequities and consequently increase persistent and acute development challenges, especially in developing
regions and sub-regions, and in particularly exposed sites, including coasts, small islands, deserts, mountains
and polar regions. This in turn undermines efforts to achieve sustainable development, particularly for
vulnerable and marginalized communities (very high confidence). {2.5, 4.4, 4.7, 6.3, 9.4, Box 6.4, Figure 6.5,
Table 18.5, CWGB URBAN, CCB HEALTH, CCP2.2, CCP3.2, CCP3.3, CCP5.4, CCP6.2}

SPM.D.1.3 Embedding effective and equitable adaptation and mitigation in development planning can reduce
vulnerability, conserve and restore ecosystems, and enable climate resilient development. This is especially
challenging in localities with persistent development gaps and limited resources (high confidence). Dynamic
trade-offs and competing priorities exist between mitigation, adaptation, and development. Integrated and
inclusive system-oriented solutions based on equity and social and climate justice reduce risks and enable
climate resilient development (#igh confidence). {1.4,2.6, 3.6, 4.7, 4.8, Box 4.5, Box 4.8, 5.13, 7.4, 8.5, 9.4,
10.6, Box 9.3, Box 2.2, 12.5, 12.6, 13.3, 13.4, 13.10, 13.11, 14.7, 18.4, CCB HEALTH, SRCCL, CCB DEEP,
CCP2, CCP5.4}

There is a rapidly narrowing window of opportunity to enable climate resilient development

(a) Societal choices about adaptation, (b) lllustrative development pathways (c) Actions and outcomes
mitigation and sustainable development characterizing development pathways
made in arenas of engagement s
" N Yste,

Dimensions that enable actions :‘SDGS“ ‘é\\ac < m”a%/

towards higher v S ] N %o

climate resilient development “‘ O é §

ES

Suc,xa'mable d@Ve/
)

ent
Jent Qevelop™ O
3 -
s (¢

%)
‘/‘IEUJJOJSLIEJX.

\
3 Aow % &
& 0%\ oo Wty X0
&S - \m\‘i‘\é“ et 1, . Stion WS
o W™ g0l deve™ 3 =
N st S =
g
o
Oy .
) 3 S
SR > < a
Arenas of engagement: 5 " po O X ) =
. { .- w
Communny Past conditions a ” - ,.’ =
Socio-cultural (emissions, Present gy ) .:) y ]
1 Political climate change,  situation \ S < \’ E
Ecological development) O =~ =
Knowledge + technology O O 2, %
Economic + financial — ’ =
0as/ action
S/ng Wdrmv Q“\em
ng;: ° 2,
Unde,,~ Path % <
©Ming ! Jep, ¥ (>
€ SUsta 1 Mdlenc, ) %
//]ab/ edf)d S Yo%
. L 2 2
Pmepy o 3 2
ent N lim, e 2 g
SDGs gz g
v S 5 i
el 3 ‘ ol
5 iy o
vy N LW
- ® L > %/’fe; P02 >
Bimensiom | B et 2100 & ‘on T Ris®
imensions that result in actions 2022 2030 beyond
towards lower .
climate resilient development IPCC Sustainable
AR6 Development Goals
Ay -
QL Narrowing window of
,’ lllustrative climatic or non-climatic shock, e.g. COVID-19, drought or floods, that disrupts the development pathway opportunity for higher CRD

Figure SPM.5: Climate resilient development (CRD) is the process of implementing greenhouse gas mitigation and
adaptation measures to support sustainable development. This figure builds on Figure SPM.9 in AR5 WGII (depicting
climate resilient pathways) by describing how CRD pathways are the result of cumulative societal choices and actions
within multiple arenas. Panel (a): Societal choices towards higher CRD (green cog) or lower CRD (red cog) result from
interacting decisions and actions by diverse government, private sector and civil society actors, in the context of climate
risks, adaptation limits and development gaps. These actors engage with adaptation, mitigation and development actions
in political, economic and financial, ecological, socio-cultural, knowledge and technology, and community arenas from
local to international levels. Opportunities for climate resilient development are not equitably distributed around the
world. Panel (b): Cumulatively, societal choices, which are made continuously, shift global development pathways
towards higher (green) or lower (red) climate resilient development. Past conditions (past emissions, climate change and
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development) have already eliminated some development pathways towards higher CRD (dashed green line). Panel (c):
Higher CRD is characterised by outcomes that advance sustainable development for all. Climate resilient development is
progressively harder to achieve with global warming levels beyond 1.5°C. Inadequate progress towards the Sustainable
Development Goals (SDGs) by 2030 reduces climate resilient development prospects. There is a narrowing window of
opportunity to shift pathways towards more climate resilient development futures as reflected by the adaptation limits
and increasing climate risks, considering the remaining carbon budgets. (Figure SPM.2, Figure SPM.3) {2.6, 3.6, 7.2,
7.3,7.4,83,84,8.5,164,16.5,17.3,17.4,17.5,18.1, 18.2, 18.3, 18.4, Figure 18.1, Figure 18.2, Figure 18.3, Box 18.1,
CCB COVID, CCB GENDER, CCB HEALTH, CCB INDIG, CCB SLR, AR6 WGI Table SPM.1 and Table SPM.2,
SR1.5 Figure SPM.1, Figure TS.14b}

Enabling Climate Resilient Development

SPM.D.2 Climate resilient developmentis enabled when governments, civil society and the private
sector make inclusive development choices that prioritise risk reduction, equity and justice, and when
decision-making processes, finance and actions are integrated across governance levels, sectors and
timeframes (very high confidence). Climate resilient development is facilitated by international cooperation
and by governments at all levels working with communities, civil society, educational bodies, scientific and
other institutions, media, investors and businesses; and by developing partnerships with traditionally
marginalised groups, including women, youth, Indigenous Peoples, local communities and ethnic minorities
(high confidence). These partnerships are most effective when supported by enabling political leadership,
institutions, resources, including finance, as well as climate services, information and decision support
tools (high confidence). (Figure SPM.5) {1.3, 1.4, 1.5, 2.7, 3.6, 4.8, 5.14, 6.4, 7.4, 8.5, 8.6, 9.4, 10.6, 11.8,
12.5, 13.11, 14.7, 15.6, 15.7, 17.4, 17.6, 18.4, 18.5, CCP2.4, CCP3.4, CCP4.4, CCP5.4, CCP6.4, CCP7.6,
CCB HEALTH, CCB GENDER, CCB INDIG, CCB DEEP, CCB NATURAL, CCB SLR}

SPM.D.2.1 Climate resilient development is advanced when actors work in equitable, just and enabling ways
to reconcile divergent interests, values and worldviews, toward equitable and just outcomes (high confidence).
These practices build on diverse knowledges about climate risk and chosen development pathways account
for local, regional and global climate impacts, risks, barriers and opportunities (high confidence). Structural
vulnerabilities to climate change can be reduced through carefully designed and implemented legal, policy,
and process interventions from the local to global that address inequities based on gender, ethnicity, disability,
age, location and income (very high confidence). This includes rights-based approaches that focus on capacity-
building, meaningful participation of the most vulnerable groups, and their access to key resources, including
financing, to reduce risk and adapt (high confidence). Evidence shows that climate resilient development
processes link scientific, Indigenous, local, practitioner and other forms of knowledge, and are more effective
and sustainable because they are locally appropriate and lead to more legitimate, relevant and effective actions
(high confidence). Pathways towards climate resilient development overcome jurisdictional and organizational
barriers, and are founded on societal choices that accelerate and deepen key system transitions (very high
confidence). Planning processes and decision analysis tools can help identify ‘low regrets’ options*’ that enable
mitigation and adaptation in the face of change, complexity, deep uncertainty and divergent views (medium
confidence). {1.3,1.4,1.5,2.7,3.6,4.8,5.14, 6.4, 7.4, 8.5, 8.6, 9.4, 10.6, 11.8, 12.5, 13.11, 14.7, 15.6, 15.7,
17.2-17.6, 18.2-18.4, CCP2.3-2.4, CCP3.4, CCP4.4, CCP5.4, CCP6.4, CCP7.6, Box 8.7, Box 9.2, CCB
HEALTH, CCB INDIG, CCB DEEP, CCB NATURAL, CCB SLR}

SPM.D.2.2 Inclusive governance contributes to more effective and enduring adaptation outcomes and enables
climate resilient development (high confidence). Inclusive processes strengthen the ability of governments and
other stakeholders to jointly consider factors such as the rate and magnitude of change and uncertainties,
associated impacts, and timescales of different climate resilient development pathways given past development
choices leading to past emissions and scenarios of future global warming (high confidence). Associated
societal choices are made continuously through interactions in arenas of engagement from local to international
levels. The quality and outcome of these interactions helps determine whether development pathways shift
towards or away from climate resilient development (medium confidence). (Figure SPM.5) {2.7,3.6,4.8,5.14,
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6.4,74,8.5, 8.6,94, 10.6, 11.8, 12.5, 13.11, 14.7, 15.6, 15.7, 17.2-17.6, 18.2, 18.4, CCP2.3-2.4, CCP3.4,
CCP4.4, CCP5.4, CCP6.4, CCP7.6, CCB HEALTH, CCB GENDER, CCB INDIG}

SPM.D.2.3 Governance for climate resilient development is most effective when supported by formal and
informal institutions and practices that are well-aligned across scales, sectors, policy domains and timeframes.
Governance efforts that advance climate resilient development account for the dynamic, uncertain and context-
specific nature of climate-related risk, and its interconnections with non-climate risks. Institutions*® that enable
climate resilient development are flexible and responsive to emergent risks and facilitate sustained and timely
action. Governance for climate resilient development is enabled by adequate and appropriate human and
technological resources, information, capacities and finance. (high confidence) {2.7, 3.6, 4.8, 5.14, 6.3, 6.4,
7.4,8.5,8.6,9.4,10.6,11.8,12.5,13.11, 14.7,15.6, 15.7,17.2-17.6, 18.2, 18.4, CCP2.3-2.4, CCP3.4, CCP4 .4,
CCP5.4, CCP6.4, CCP7.6, CCB HEALTH, CCB GENDER, CCB INDIG, CCB DEEP, CCB NATURAL,
CCB SLR}

Climate Resilient Development for Natural and Human Systems

SPM.D.3 Interactions between changing urban form, exposure and vulnerability can create climate change-
induced risks and losses for cities and settlements. However, the global trend of urbanisation also offers a
critical opportunity in the near-term, to advance climate resilient development (4igh confidence). Integrated,
inclusive planning and investment in everyday decision-making about urban infrastructure, including social,
ecological and grey/physical infrastructures, can significantly increase the adaptive capacity of urban and rural
settlements. Equitable outcomes contributes to multiple benefits for health and well-being and ecosystem
services, including for Indigenous Peoples, marginalised and vulnerable communities (kigh confidence).
Climate resilient development in urban areas also supports adaptive capacity in more rural places through
maintaining peri-urban supply chains of goods and services and financial flows (medium confidence). Coastal
cities and settlements play an especially important role in advancing climate resilient development (high
confidence). {6.2, 6.3, 18.3, Table 6.6, Box 9.8, CCP6.2, CCP2.1. CCP2.2, CWGB URBAN}

SPM.D.3.1 Taking integrated action for climate resilience to avoid climate risk requires urgent decision
making for the new built environment and retrofitting existing urban design, infrastructure and land use. Based
on socioeconomic circumstances, adaptation and sustainable development actions will provide multiple
benefits including for health and well-being, particularly when supported by national governments, non-
governmental organisations and international agencies that work across sectors in partnerships with local
communities. Equitable partnerships between local and municipal governments, the private sector, Indigenous
Peoples, local communities, and civil society can, including through international cooperation, advance
climate resilient development by addressing structural inequalities, insufficient financial resources, cross-city
risks and the integration of Indigenous knowledge and Local knowledge. (high confidence) {6.2, 6.3, 6.4,7.4,
8.5,9.4,10.5.12.5, 17.4, 18.2, Table 6.6, Table 17.8, Box 18.1, CCP2.4, CCB GENDER, CCB INDIG, CCB
FINANCE, CWGB URBAN}

SPM.D.3.2 Rapid global urbanisation offers opportunities for climate resilient development in diverse
contexts from rural and informal settlements to large metropolitan areas (high confidence). Dominant models
of energy intensive and market-led urbanisation, insufficient and misaligned finance and a predominant focus
on grey infrastructure in the absence of integration with ecological and social approaches, risks missing
opportunities for adaptation and locking in maladaptation (high confidence). Poor land use planning and siloed
approaches to health, ecological and social planning also exacerbates, vulnerability in already marginalised

48 Institutions: Rules, norms and conventions that guide, constrain or enable human behaviours and practices. Institutions can be
formally established, for instance through laws and regulations, or informally established, for instance by traditions or customs.
Institutions may spur, hinder, strengthen, weaken or distort the emergence, adoption and implementation of climate action and climate
governance.
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communities (medium confidence). Urban climate resilient development is observed to be more effective if it
is responsive to regional and local land use development and adaptation gaps, and addresses the underlying
drivers of vulnerability (high confidence). The greatest gains in well-being can be achieved by prioritizing
finance to reduce climate risk for low-income and marginalized residents including people living in informal
settlements (high confidence). {5.14,6.1,6.2,6.3,6.4,6.5,7.4, 8.5, 8.6,9.8,9.9, 10.4, 18.2, Table 17.8, Table
6.6, Figure 6.5, CCB HEALTH, CCP2.2, CCP5.4, CWGB URBAN}

SPM.D.3.3 Urban systems are critical, interconnected sites for enabling climate resilient development,
especially at the coast. Coastal cities and settlements play a key role in moving toward higher climate resilient
development given firstly, almost 11% of the global population — 896 million people — lived within the Low
Elevation Coastal Zone*’ in 2020, potentially increasing to beyond 1 billion people by 2050, and these people,
and associated development and coastal ecosystems, face escalating climate compounded risks, including sea
level rise. Secondly, these coastal cities and settlements make key contributions to climate resilient
development through their vital role in national economies and inland communities, global trade supply chains,
cultural exchange, and centres of innovation. (high confidence) {6.2, Box 15.2, CCP2.1, CCP2.2, Table
CCP2.4, CCB SLR}

SPM.D.4 Safeguarding biodiversity and ecosystems is fundamental to climate resilient development, in light
of the threats climate change poses to them and their roles in adaptation and mitigation (very high
confidence). Recent analyses, drawing on a range of lines of evidence, suggest that maintaining the resilience
of biodiversity and ecosystem services at a global scale depends on effective and equitable conservation of
approximately 30% to 50% of Earth’s land, freshwater and ocean areas, including currently near-natural
ecosystems (high confidence). {2.4, 2.5, 2.6, 3.4, Box 3.4, 3.5, 3.6, 12.5, 13.3, 13.4, 13.5, 13.10, CCB
NATURAL, CCB INDIG}

SPM.D.4.1 Building the resilience of biodiversity and supporting ecosystem integrity’® can maintain benefits
for people, including livelihoods, human health and well-being and the provision of food, fibre and water, as
well as contributing to disaster risk reduction and climate change adaptation and mitigation.{2.2, 2.5, 2.6,
Table 2.6, Table 2.7, 3.5, 3.6, 5.8, 5.13,5.14, 12.5, Box 5.11 CCP5.4, CCB NATURAL, CCB ILLNESS, CCB
COVID, CCB GENDER, CCB INDIG, CCB MIGRATE}

SPM.D.4.2 Protecting and restoring ecosystems is essential for maintaining and enhancing the resilience of
the biosphere (very high confidence). Degradation and loss of ecosystems is also a cause of greenhouse gas
emissions and is at increasing risk of being exacerbated by climate change impacts, including droughts and
wildfire (high confidence). Climate resilient development avoids adaptation and mitigation measures that
damage ecosystems (high confidence). Documented examples of adverse impacts of land-based measures
intended as mitigation, when poorly implemented, include afforestation of grasslands, savannas and peatlands,
and risks from bioenergy crops at large scale to water supply, food security and biodiversity (high confidence).
{2.4,2.5,Box 2.2, 3.4, 3.5, Box 3.4, Box 9.3, CCP7.3, CCB NATURAL, CWGB BIOECONOMY }

SPM.D.4.3 Biodiversity and ecosystem services have limited capacity to adapt to increasing global warming
levels, which will make climate resilient development progressively harder to achieve beyond 1.5°C warming
(very high confidence). Consequences of current and future global warming for climate resilient development
include reduced effectiveness of EbA and approaches to climate change mitigation based on ecosystems and
amplifying feedbacks to the climate system (high confidence). {2.4, 2.5, 2.6, 3.4, 3.5, 3.6, 12.5, 13.2, 13.3,
13.10, 14.5, 14.5, 15.3, 17.3, 17.6, Box 14.3, Box 3.4, Table 5.2, CCP5.3, CCP5.4, Figure TS.14d, CCB
EXTREMES, CCB ILLNESS, CCB NATURAL, CCB SLR, SR1.5, SRCCL, SROCC}

4 LECZ, coastal areas below 10 m of elevation above sea level that are hydrologically connected to the sea

30 Ecosystem integrity refers to the ability of ecosystems to maintain key ecological processes, recover from disturbance, and adapt to
new conditions.
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Achieving Climate Resilient Development

SPM.D.S It is unequivocal that climate change has already disrupted human and natural systems. Past and
current development trends (past emissions, development and climate change) have not advanced global
climate resilient development (very high confidence). Societal choices and actions implemented in the next
decade determine the extent to which medium- and long-term pathways will deliver higher or lower climate
resilient development (high confidence). Importantly climate resilient development prospects are increasingly
limited if current greenhouse gas emissions do not rapidly decline, especially if 1.5°C global warming is
exceeded in the near term (high confidence). These prospects are constrained by past development, emissions
and climate change, and enabled by inclusive governance, adequate and appropriate human and technological
resources, information, capacities and finance (h4igh confidence). {1.2,1.4,1.5,2.6,2.7,3.6,4.7,4.8,5.14, 6.4,
7.4, 8.3, 8.5, 8.6,9.3,9.4, 9.5, 10.6, 11.8, 12.5, 13.10, 13.11, 14.7, 15.3, 15.6, 15.7, 16.2, 16.4, 16.5, 16.6,
17.2-17.6, 18.2-18.5, CCP2.3-2.4, CCP3.4, CCP4.4, Table CCP5.2, CCP5.3, CCP5.4, CCP6.3, CCP6.4,
CCP7.5, CCP7.6, Figure TS.14d, CCB DEEP, CCB HEALTH, CCB INDIG, CCB DEEP, CCB NATURAL,
CCB SLR}

SPM.D.5.1 Climate resilient development is already challenging at current global warming levels (high
confidence). The prospects for climate resilient development will be further limited if global warming levels
exceeds 1.5°C (high confidence) and not be possible in some regions and sub-regions if the global warming
level exceeds 2°C (medium confidence). Climate resilient development is most constrained in
regions/subregions in which climate impacts and risks are already advanced, including low-lying coastal cities
and settlements, small islands, deserts, mountains and polar regions (high confidence). Regions and subregions
with high levels of poverty, water, food and energy insecurity, vulnerable urban environments, degraded
ecosystems and rural environments, and/or few enabling conditions, face many non-climate challenges that
inhibit climate resilient development which are further exacerbated by climate change (high confidence). {1.2,
9.3,9.4,9.5,10.6, 11.8, 12.5, 13.10, 14.7, 15.3, CCP2.3, CCP3.4, CCP4.4, Box 6.6. CCP5.3, Table CCP5.2,
CCP6.3, CCP7.5, Figure TS.14d}

SPM.D.5.2 Inclusive governance, investment aligned with climate resilient development, access to
appropriate technology and rapidly scaled-up finance, and capacity building of governments at all levels, the
private sector and civil society enable climate resilient development. Experience shows that climate resilient
development processes are timely, anticipatory, integrative, flexible and action focused. Common goals and
social learning build adaptive capacity for climate resilient development. When implementing adaptation and
mitigation together, and taking trade-offs into account, multiple benefits and synergies for human well-being
as well as ecosystem and planetary health can be realised. Prospects for climate resilient development are
increased by inclusive processes involving local knowledge and Indigenous Knowledge as well as processes
that coordinate across risks and institutions. Climate resilient development is enabled by increased
international cooperation including mobilising and enhancing access to finance, particularly for vulnerable
regions, sectors and groups. (high confidence) (Figure SPM.5) {2.7,3.6,4.8,5.14, 6.4, 7.4, 8.5, 8.6, 9.4, 10.6,
11.8, 12.5, 13.11, 14.7, 15.6, 15.7, 17.2-17.6, 18.2-18.5, CCP2.3-2.4, CCP3.4, CCP4.4, CCP5.4, CCP6.4,
CCP7.6, CCB HEALTH, CCB INDIG, CCB DEEP, CCB NATURAL, CCB SLR}

SPM.D.5.3 The cumulative scientific evidence is unequivocal: Climate change is a threat to human well-being
and planetary health. Any further delay in concerted anticipatory global action on adaptation and mitigation
will miss a brief and rapidly closing window of opportunity to secure a liveable and sustainable future for all.
(very high confidence) {1.2,1.4,1.5,16.2,16.4,16.5,16.6,17.4,17.5,17.6, 18.3, 18.4, 18.5, CWGB URBAN,
CCB DEEP, Table SM16.24, WGI SPM, SROCC SPM, SRCCL SPM}
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Re: SB22-138 — Concerning Measures to Reduce GHG Emissions in CO.

To the members of the Senate Transportation and Energy Committee, and
Sponsors: Sen. Hansen and Rep. Valdez:

The Colorado Renewable Energy Society Policy Committee, which includes
experts in a variety of renewable energy disciplines, applauds the sponsors of
SB 22-138 and urges your support.

The bill CONCERNING MEASURES TO PROMOTE REDUCTIONS IN
GREENHOUSE GAS EMISSIONS IN COLORADO includes timely and
important improvements to the suite of tools Colorado is developing to fight the
worst effects of climate change. At a time when the ravages of the Marshall Fire
are still fresh in our minds, the need for more action is abundantly clear.

We support the measure’s call to phase out polluting machinery such as gas-
powered lawn mowers and leaf blowers and instead instituting tax credits for
cleaner electric models.

We are also pleased to see the call for a study on carbon reduction and
sequestration opportunities in the agricultural sector in the state, including the
potential development of certified carbon offset programs or credit instruments.
We hope you will include biochar as part of the scope of this study as we believe
it has potential for carbon negativity as well as economic benefit.

Additionally, we are very supportive of the bill's inclusion of agrivoltaics including
the use of grants or loans to study this promising field.

We urge you to vote yes on this important bill and thank you for everything you
do on behalf of the state of Colorado.

Sunny regards,
Rebecca Cantwell and Vince Calvano

For the CRES Policy Committee



Page 1 of 1

Written testimony for March 8 hearing: Senate Transportation & Energy SB22-138
!-1 J (Reduce Greenhouse Gas Emissions in Colorado [Hansen, Valdez]Megan Houseweart to:
.~ committees.lcs.ga 03/07/2022 10:17 PM

Written testimony for March 8 hearing, 2:00pm:
Senate Transportation & Energy SB22-138 (Reduce Greenhouse Gas Emissions in Colorado [Hansen,
Valdez]

Position on Hearing Item: Testimony “For”
Testimony from: Megan Wilder (she/her) 80302

Committee Members -

* Please pass legislation to make climate risk of insurers transparent to and make their
investments and underwriting follow science - based emissions reduction targets.

* PERA needs to divest from fossil fuel companies.

* We must establish strict interim GHG reduction targets now so that we will reach the roadmap
targets for 2025, 2030 and 2050.

* Please give the COGCC authority to regulate carbon injection wells.

* Please allow the state to get loans and do more research on the use of air-voltaics (using the
same land for agriculture and solar energy.

Thank you for your service, Megan Wilder

file:///C:/Users/elizabeth burger/AppData/Local/Temp/notes90C43B/~web&681.htm 3/8/2022
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My name is Amy Gray and | am the Senior Climate Finance Strategist at Stand.earth
(https://www.stand.earth/) and | present testimony in support of SB22-138. The proposed bill is
concerning measures to reduce greenhouse gas emissions in Colorado and lay groundwork for future
emissions reducing activities. Stand.earth is an international environmental advocacy group which
coordinates the Climate Safe Pensions Network working to de-risk pension funds and accelerate
investments in climate solutions.

With over 80% of the world's population experiencing extreme weather linked to climate change,
investments and subsequent divestments have become a focal point for mitigating the financing behind
the planet's most destructive industry — coal, oil, and gas. | am writing specifically concerning PERA’s
climate risk reporting and needed divestment from fossil fuels.

A 2019 study by Corporate Knights identified that PERA is valued at least $1.77 Billion less than it would
have been had it divested from fossil fuels in 2009 when it should have. This is irresponsible management
of the fund and it is the responsible fiduciary duty of the state to direct PERA to divest its funds from fossil
fuel holdings.

A more recent study “The Quiet Culprit - Pension Funds Bankrolling the Climate Crisis” (by Stand.earth
and the Climate Safe Pensions Network) found that PERA has over $2 billion invested in fossil fuels. First
and foremost, divestment should be looked at as a responsible fiduciary act. It's legally sound, it's
fiduciarily right. And it's no longer novel. More than 1500 institutions representing over $40 trillion in
assets have committed to some form of divestment. These include very large, mainstream banks,
insurance companies and pension funds. New York State, New York City, Washington DC, Baltimore,
Maine, Minnesota, San Mateo County, Los Angeles are all US examples of public pension funds that are
pursuing divestment. They have done all the legal and financial checks. Most of these funds are bigger
than Colorado’s fund. All share in common with Colorado a requirement to ensure the fund remains
sound and all have concluded that phasing out of investments in fossil fuels is one of the ways to do so.
Many have coupled this with setting goals and commitments to increase investments in climate solutions,
including community based initiatives that can net a return for the fund while advancing solutions in their
own jurisdiction or nationally, internationally. With a decade of data, early adopters of fossil fuel
divestment continue to report neutral or positive returns, even amidst the geopolitical volatility the fossil
fuel economy presents.

Just a few weeks ago, when he was announcing the divestment of New York State’s Common Retirement
Fund from 22 shale oil and gas companies valued at $320 million, New York State Comptroller Tom
DiNapoli said: “As market forces and new policies drive the energy transition, we must align our
investments with a profitable and dynamic future. The shale oil and gas industry faces numerous
obstacles going forward that pose risks to its financial performance. To protect the state pension fund, we
are restricting investments in companies that we believe are unprepared to adapt to a low-carbon future” .


https://www.stand.earth/
https://drive.google.com/file/d/1DsMnAEePT0bThzK8plskb1kJNVuULYJ0/view
https://climatesafepensions.org/the-quiet-culprit/
https://divestmentdatabase.org/
https://divestmentdatabase.org/

That is a very clear and simple statement that speaks volumes about the approach that Colorado should
be taking in regards to its investments in fossil fuels.

Colorado finds itself at a key moment, when the economics of the industry are clearly declining in the long
term - which is your investing horizon - not the short term. When climate science has never been clearer.
When the impacts of fossil fuels companies on frontline and BIPOC communities is well known and
documented. When viable, investable alternatives exist. And when other pensions have already broken
the ground.

We urge you to pass SB22-138 this session. It is critical that Colorado leads in reducing greenhouse gas
emissions to address the climate crisis head on, from our investments to expansion projects planned in
our communities. This is the first step in what could surely be a shining example for other states and a
legacy you can be proud of.

Respectfully,

Amy Gray | she/her/ella
Senior Climate Finance Strategist

O: +1 415 863 4563 ext 307

STAN D.earth
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March 15, 2022
Testimony by Dan Cohn, Global Energy Transition Researcher
Institute for Energy Economics and Financial Analysis
To the Colorado General Assembly, Senate Transportation & Energy Committee
on Senate Bill 22-138

Thank you for the opportunity to comment on Senate Bill 22-138. My comments focus on the climate
risk assessments required by Sections 1 and 2 of the bill. These sections require private insurers and
the Public Employees Retirement Association (PERA) to assess the climate-related financial risks facing
their investment portfolios and publish annual reports.

This bill is right on time to help private insurers and PERA make wise choices in a changing investment
world. Requiring regular climate risk assessments from PERA is an important first step for the
Legislature to fulfill its fiduciary duties regarding climate risk.?

The bill recognizes that our changing climate is no longer just an environmental or social issue to be
addressed in the future. It is also a financial issue that introduces systemic risk to global markets and
imposes new financial costs each year. Increasingly frequent extreme weather patterns—heat waves,
droughts, wildfires, and floods—threaten property losses and ruined communities. Certain sections of
the economy and society are particularly hard hit. As society mitigates and adapts to climate change,
some sectors of the economy will lose.

In addition to the bill’s list of risks for the reports to address, such as extreme weather events and a
growing disease burden, investment risks from climate change also stem from changes in the economy
and financial markets as businesses, investors, and governments respond to the effects of climate
change.

The key economic sector facing this type of risk is the energy sector, especially the fossil fuel
industries. Fossil fuel industries have underperformed the market for the last 10 years. They face a
negative long-term outlook as society develops a low-carbon economy.

e Fossil fuels face limited growth opportunities due to increasing competition from alternative
technologies in the electricity and transportation markets, and stricter environmental and public
health regulations.

e The sector’s revenue is volatile due to its dependence on commodity prices. Both low and high
prices create challenges: Low prices undercut the industry’s long-term financial returns, while

1 Colorado Senate Bill 18-200 found and declared that the General Assembly bears fiduciary responsibility for PERA’s
long-term financial sustainability.



https://leg.colorado.gov/sites/default/files/2018a_200_signed.pdf

high prices impose costs across the global economy and funnel profits to petrostate autocrats,
reinforcing the urgency to reduce consumption of fossil fuels.

e The sector has broadly failed to present a credible plan to adapt to a low-carbon economy,
dampening demand for the sector’s securities and forcing investors to spend additional time
and effort distinguishing the risk profiles of individual companies.

In view of these risks, farsighted leaders in the insurance industry are already repositioning their
investments and business lines. Many large European insurers and reinsurers have excluded
investments in the fossil fuel industry, and some now refuse to underwrite insurance policies for the
industry’s operations. Companies such as The Hartford and Axis Capital have been among the first
insurers in North American to follow suit. Requiring insurers in Colorado to assess their climate risks is
a commonsense measure that reflects the best practices of global insurance firms.

Regarding PERA, state law charges the organization with the management of public investment funds
that serve the needs of state and local workers and retirees, teachers, and judges. The fund’s value
stood at $62 billion last September. Disbursements from the fund reach beneficiaries in every county
in the state. These payments make important contributions to the economies of the state’s small and
rural communities.

Public pension funds in other states have already taken action to mitigate the risks facing the fossil fuel
industry. They have done so primarily by divesting their portfolio from the industry’s securities. Such
actions began in many cases with a climate risk assessment. The General Assembly and the PERA board
will eventually need to determine whether PERA can divest fossil fuels from its portfolio in a manner
that is consistent with its investment targets. Many other public and private investment funds have
asked and answered that question in the affirmative, and we are witnessing more and larger funds
taking constructive action to combat climate change.

Meanwhile, a climate risk assessment of the pension fund benefits several key constituencies. It would
allow pensioners and other interested parties to develop a better understanding of the funds’ solvency
for the purposes of meeting their investment targets.

For policymakers, PERA’s annual returns, funded ratio, and the long-term outlook each play an
important role in determining the state’s direct contribution to PERA. If fund managers miss their
financial targets, there are budget consequences that can lead to higher public expenditures. This is a
poorly understood issue. Weak financial performers in investment funds like the fossil fuel sector have
fiscal consequences for the state.

Clear-eyed climate risk assessments will enable informed and intelligent discussion about state
investment policy and the consistency of its policies with other areas of the public interest, such as the
environment and public safety. Senate Bill 22-138 reflects an open-minded approach to the issues of
climate risk and will put the ensuing dialogue about how to mitigate these risks on solid footing.
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March 9, 2022
Chair Faith Winter
Colorado Senate
Committee on Transportation & Energy
200 E Colfax Ave.
Denver, Colorado 80203

SB 138 Zero Emission Landscape Equipment Capabilities & Obstacles Towards
Complete Adoption by the Landscape Industry

Dear Chairman Winter

The National Association of Landscape Professionals (NALP) is the national trade organization
representing the $98 billion landscape industry employing over 1.4 million employees in the
United States. Member companies specialize in lawn care, landscape maintenance, tree care,
irrigation and water management. Landscape professionals throughout the nation work daily
preforming essential services to homes and businesses to maintain their landscapes, sustain the
environment and enhance and maintain healthy and safe green spaces.

We share Senator Hansen and other Colorado policymakers’ intent to reduce carbon emissions
from gas-powered landscape equipment as quickly as possible. Still, we must do so in a
responsible manner that mitigates the negative financial impact on the landscape industry. The
landscape industry in Colorado has more than 4,000 companies; 99% of these businesses are
considered small businesses and a vital industry for entrepreneurs throughout the state of
Colorado.

Landscape professionals work every day to take care of Colorado’s green spaces. The landscape
industry cares deeply about the environment, and we do support a responsible transition to zero-
emission equipment (ZEE). We appreciate the approach offered in SB 138 to prioritize funding
and incentive over many years to support the transition. Unfortunately, we cannot support
legislation that puts in place an arbitrary timeline of 2030 because we just do not know when all
ZEE will be viable for the landscape industry. The reality is that the commercial-grade ZEE
currently on the market has significant performance issues and cost issues and we would like to
take this opportunity to provide the perspective of the landscape industry, the hurdles associated
with the transition and also offer support for proper funding.

Performance

Equipment performance and run-time are common concerns for landscape professionals and
present technological challenges that must be overcome for widespread use of zero emission



landscape equipment. Unlike a homeowner that uses an zero emission equipment for less than
an hour, maybe in a given week, the landscape industry is operating commercially using this
equipment daily, under rigorous conditions and during long durations. Also, many landscape
professionals operate on commercial properties like corporate campuses, parks, resorts and other
large green spaces which demand stronger performance and power capabilities. Unfortunately,
the available zero emission equipment is not capable of this sort of use pattern currently.

NALP also conducted a survey to poll professional landscape companies nationally. Both
performance and cost remain tremendous hurdles, specifically for the larger commercial
equipment that requires significantly more run time and power. From a performance perspective
the industry continues to hear from landscape professionals about ZEE landscape equipment:

The power is just not comparable yet

Impossible to use exclusively on large scale commercial jobs like HOAs, resorts,
business parks and other public and commercial green spaces

Requires too many batteries to conduct their job function in an efficient manner
Charging issues in the field and in the workshop

Durability concerns

Batteries are too heavy

Cannot mow slopes on riding mowers because of the weight issue

Mow times are longer and batteries cannot last a full work day

Leaf removal during seasonal changes is very difficult

Debris removal to mitigate fire spread is significantly more difficult

Lack of dealers and maintenance shops to support transition

Batteries are not interchangeable between brands

Additionally, some specific concerns from landscape professionals that participated in the survey
include:

“Product availability. While many products are available and the technology is
advancing, commercial use electrical hand-held equipment is still limited and presents
challenges. Product reliability, charging station access, and maintenance operations are
Just a few challenges that I feel are at the forefront of the issue.”

“Durability of the machines, the batteries are so heavy the frame has to be light. Mowing
slopes, they are so heavy they don’t hold hills. Lack of repair expertise loyalty. Parts are
difficult to acquire and take a long time to get. Battery life in heavy cutting conditions
and longer mow times due to double cutting.”

“Blower power and battery life especially during leaf removal. Building out branch
charging infrastructure is also a challenge as it is costly and often requires rewiring the
whole building to supply enough power to recharge a whole branch.”

This is some of the most compelling evidence NALP can provide in support of our position and
echoes the sentiment of what we hear from our members on this issue daily throughout the
Nation.



NALP also acknowledges that in some instances companies have been able to successfully
transition, detailed in NALP survey results. BUT those companies are significantly in the
minority and operate in very affluent and wealthy areas. We highlight this fact because our
understanding is that the cost increase for using only ZEE is approximately a 30%-40% increase
over average industry pricing for the customer. This point is critically important as this proposed
rule will further disadvantage small and minority owned businesses, but ALSO those lower
income communities they service that deserve properly maintained healthy green spaces at
affordable prices.

To further support the performance deficiencies is data from a report provided by a major
equipment manufacturer that produces ZEE and non-ZEE SORE.
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The graph clearly shows that a ZEE blower is not comparable at this time. The performance of
the ZEE immediately begins to decline the moment it begins until the battery dies only 18
minutes later, while the gas-powered blower maintains a strong performance the entire hour and
without unnecessary downtime to change batteries.

Cost

The entire cost for transitioning away from gas powered landscape equipment must be
completely understood and realized. First, there is the immediate cost of purchasing the actual
equipment, which by itself is not that different. Where the price starts to jump is when you
factor in the cost of batteries, the cost to change and retrofit your shop and how you handle
inferior products in the midst of a labor crisis.

In examining the cost, the first thing to consider is the actual equipment. For example,
commercial-grade handheld electronic leaf blowers have significant cost concerns for the
landscape industry. One popular manufacturer’s electric leaf blower retails for approximately



$350 - $400, similar to the same manufacturer’s gas-powered unit. However, to use this electric
leaf blower for an entire workday requires the purchase of extra batteries and chargers thus,
driving the up-front cost to exceed $3,000. More alarming is when you look at larger equipment.
Popular commercial gas-powered riding mowers range from $8,000-$11,000 while the few
commercial riding ZEE mowers available with 4-5hr run time range from $16,000 to

21,000+. These are significant up-front investments for landscapers, the majority of whom are
sole-proprietor (single employee) businesses, with no guarantee they will recover the difference
based on energy costs and maintenance.

Now let’s talk batteries. Batteries remain a significant barrier for the transition to occur based on
cost, amount needed, how they’re charged and how they’re disposed. Run time for the batteries
varies by equipment. For a rider mower the run time for a battery is somewhere between 4 and 6
hours, while for handheld equipment that run time is somewhere between 10 and 30 minutes per
battery. With this data we examined what a typical three-person landscape crew may require
from a battery standpoint.

Active Use Time of | X 20 Lawns # of Batteries Needed
Equipment per lawn

Rider Mower 20 Minutes 6 hours, 40 minutes internal

String Trimmer 10 Minutes 3 hours, 20 minutes 14 batteries

Edger 5 Minutes 1 hour, 40 minutes 10 batteries

Blower 5 Minutes 1 hour, 40 minutes. 10 batteries

Looking at this data it would take an average crew 34 batteries in ONE day to complete a typical
day; while the rider mower would not have enough charge to complete all 20 lawns. The rider
mower is an important piece of landscape equipment that currently has the largest cost and
efficiency hurdles between gas and ZEE models. Switching batteries this frequently reduces
productivity and efficiency for the landscape crew. The costs associated with those batteries:

Battery Cost Charger Cost Total

$179 $50 $229x 34 =57,786
-price based on retail | -price based on retail | just for this one crew
price at Home Depot | price at Home Depot | which also excludes
from a leading from a leading the riding mower
manufacturer manufacturer battery

Considering that the batteries will need to be replaced every 300-500"! charge cycles which
would mean that they would likely need to be replaced at least once during the product’s life
cycle we can estimate a total for this three-man crew to be (2 x $7,786) = $15,572. The costs
associated with these batteries is significant and charging each battery for approximately 8 hours

! GrePro Blog “The Charging Cycles of Lithium-Ion Polymer Batteries” March 25, 2020
https://www.grepow.com/blog/charging-cycles-of-lithium-ion-polymer-batteries/



https://www.grepow.com/blog/charging-cycles-of-lithium-ion-polymer-batteries/

will add an additional $5 to $6 daily in energy costs associated for charging each battery prior to
each day the battery is used.

Compeatibility is also an issue for batteries. Battery technology for ZEE is proprietary
information and therefore the batteries are not compatible between different manufacturers. This
presents a problem because it would require landscape companies to move to a single
manufacturer approach rather than using different equipment from different manufactures. This
could lead to companies being locked into one manufacturer, reduce competition, and
strengthening manufacturer influence over the company based on their specific needs.

The infrastructure on both the micro and the macro level is not currently in place to fully support
this transition. On the micro level landscape companies will need to fully retrofit their shops to
support the amount of voltage that will need to be used each day to safely charge all of the ZEE.
Vehicles used to transport crews and equipment will also need to be redesigned to support
charging stations to ensure complete operational capabilities once out in the field, this will raise
the overall “cost” factor detailed above significantly. From a macro level there is currently not
enough electric equipment in the stream of commerce due to supply chain issues and even if the
equipment were available the dealerships that play a critical role in assisting in maintaining this
equipment is not yet in place.

The last issue with cost that we want to address is labor. ZEE lack the same performance
capabilities detailed above and require frequent battery changes both of which reduce the
productivity and efficiency of a landscape crew in the field. This reduction in productivity puts
landscape companies in a tough spot since they are already faced with a historic work force
crisis. This is tough on an industry that cannot find enough willing and capable employees to
now rely on less efficient equipment that takes more time and requires additional labor to
perform the same task in the same amount of time to remain competitive and profitable.

All of this considered together (equipment cost, battery cost, increased labor) represents
significant cost impediments to make a complete transition to ZEE.

Funding & Education

NALP appreciates the efforts to provide a tax credit to incentize this transition. We also suggest
that tax credits be offered not only for the purchase of ZEE SORE but also for batteries. We also
believe tax credits should be available for investments made by business owners to retrofit their
shops and vehicles to enable the capability to charge their equipment. We also believe their
should be funding for education on how to use and maintain the equipment.

In Conclusion

NALP shares the objective a responsible transition to ZEE SORE, but we want to be clear that
current ZEE is not quite ready for complete adoption by the landscape industry and we need to
ensure proper funding is provided. We look forward to working with this committee and other
policy makers on this very important issue.



Sincerely

[ o

Andrew Bray
Vice President of Government Relations
National Association of Landscape Professionals
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L J SB22-138john weatherford to Nina.Forbes 03/08/2022 11:38 AM

I am writing to BEG the members of the Transportation and Energy Committee to KILL SB22-138.
This is one more horrific bill trying to control EVERYTHING we do. We are arural, self-employed
family, boarding ,training and raising horses. Our tractors(mostly smaller types ) and small equipment
are an integral part of our business. From my knowledge of motors, almost ALL of our equipment
would be illegal by 2030. This is totally NUTS! If the concern is for the environment, it would be
much wiser to reopen all drilling in our state , where regulations already reinforce some of the
cleanest extraction processes in the world! Certainly MUCH better for the environment than how
things are done virtually EVERYWHERE else. Then add in transporting oil from half a world away,
add in that all the suppliers are basically our enemies, add in the fuel consumption and POLLUTION
from freighters and more freighters, and the whole thing adds up to craziness on a massive scale. So,
between the cost of replacing everything with electric engines( do you have ANY knowledge of

the massive problems with lithium batteries??) the huge ENERGY costs of manufacturing all of it
(probably all in CHINA to

boot! ) the need for lots of plastic, I'm sure ( do you know that petroleum goes into almost all
plastics?) and then the destructive costs to MANY businesses, this is total nonsense. The other aspect
of this bill , which essentially gives investors ESG scores on their investments,( can you spell CHINA
again?) is also not the business of the government. Whatever happened to your JOB to actually
REPRESENT the citizens , NOT the Green New Deal people, not your party but those who pay your
salary. I won't add more, but know that more and more people are fed up with all of you. Please do
your job by killing this horrible bill, which is , unfortunately, one of many , many others. Those of us
who work for a living don't really have time to watch everything you all do ( which is why you get
away with so much) but, we do notice. Remember please that your job is to REPRESENT,
supposedly ( ha! ha!) so we don't have to watch every minute .
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