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Climate and biodiversity are
inextricably connected with each
other and with human futures

1.1 CLIMATE AND BIODIVERSITY
ARE INTERDEPENDENT

A well-functioning natural system and a habitable climate
are the foundations of people’s good quality of life (Figure
1.1). Protecting biodiversity, avoiding dangerous climate
change and promoting an acceptable and equitable quality
of life for all is the mandate of several global initiatives,
particularly the Strategic Plan for Biodiversity 2011-2020

of the Convention on Biological Diversity (CBD), the Paris
Agreement to the United Nations Framework Convention
on Climate Change (UNFCCC) and the UN Sustainable
Development Goals (SDGs). While each of these initiatives
has specific goals, they also clearly state that the challenges
of biodiversity decline, climate change and human well-being
are closely connected, and a failure to jointly address the
dual crises of climate change and biodiversity decline can

compromise people’s good quality of life (IPBES, 2019). This
co-sponsored IPBES-IPCC workshop report examines the
fundamental intertwining of biodiversity and climate and its
impacts on people’s quality of life (Figure 1.2) and makes a
case for why climate policy and biodiversity policy must be
considered jointly to meet the challenge of achieving a good
quality of life (GQL) for all.

The very existence of life on Earth is dependent upon a
climate that has varied within relatively narrow bounds

over hundreds of millions of years (Haywood et al., 2019;
Westerhold et al., 2020). Climatic variability in the distant
past has played a role in shaping contemporary biodiversity,
through climate-induced species redistributions, extinctions,
and originations (Mathes et al., 2021; Norberg et al., 2012;
Theodoridis et al., 2020). Global biodiversity has increased
over geological time despite climate changes, albeit
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Relationships between climate change, biodiversity and good quality of life.

Blue arrows represent interactions that are predominantly threats, white arrows predominantly opportunities.

Modified from Korn et al. (2019).
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Schematic of the overall structure and scope of this report, highlighting the

interconnections between biodiversity and climate, and their joint relationship with

human activities and well-being.

The various sections of the report are depicted as numbered red circles. Human activities such as land/sea use change and
fossil fuel combustion (direct drivers of biodiversity loss and climate change; text highlighted in blue) have transformed the
Earth’s land surface and oceans and altered atmospheric chemistry, resulting in widespread loss of biodiversity and climate
change. However, both climate change and biodiversity loss are ultimately driven by, and share, multiple indirect drivers
(highlighted in green) that are underpinned by societal values. Strategies to conserve biodiversity must be formulated in

the context of climate change (Section 2), and reciprocally, strategies to mitigate climate change should acknowledge and
consider biodiversity impacts if it is to avoid unintended negative consequences (Section 3). Natural processes, dependent
on particular forms and levels of biodiversity, influence the capacity and limits of socio-ecological systems to adapt to climate
change (Section 4), and actions to halt biodiversity loss generally benefit the climate (Section 5). Simultaneously addressing
the dual crises of biodiversity loss and climate change, while enabling a good quality of life requires navigating a complex,
interconnected system, identifying synergies and trade-offs (Section 6). Implementing successful and transformative solutions

has particular implications for their joint governance (Section 7).

punctuated by mass extinctions frequently associated with
large or rapid climate changes (Alroy et al., 2008; Bond

and Grasby, 2017; Close et al., 2020; Payne and Clapham,

2012). Ancient global catastrophes had the potential to
trigger evolutionary and ecological novelty, for example the
assembly of modern Neotropical rainforests after the end-
Cretaceous mass extinction (Carvalho et al., 2021).

In the last 12,000 years global mean temperatures (GMT)
have ranged between +0.7 and -1°C relative to the late

19" century baseline (Kaufman et al., 2020; Snyder,

2016; Stocker et al., 2013). This stability was probably a
precondition for the establishment and expansion of human
civilizations across the planet (Rockstrom et al., 2009).
However, GMT is currently approaching the upper limits

of that experienced within the last 1.2 million years, and

is beyond the range experienced by humankind since the
invention of agriculture (Fordham et al., 2020; Steffen et al.,
2018). Reciprocally, living organisms are a crucial part of
the Earth system that keeps the local, regional and global
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climate sufficiently stable and suitable for life (Planavsky et
al., 2021). Living organisms control the climate system by
regulating the reflectivity of the land surface, altering the
concentration of greenhouse gases in the atmosphere (Box
1.1); (Boscolo-Galazzo et al., 2021; Crowther et al., 2019;
Pan et al., 2011) and by influencing the formation of clouds
and atmospheric dust (Wang et al., 2018; Zhao et al., 2017).
Living organisms are the main actors in the global carbon
cycle and play a central role in the dynamics of all the major
greenhouse gases. However, it is not only the abundance

of living organisms, but also their variety that matters.

For example, diatom species richness in the ocean is
intimately linked to the efficacy with which carbon from the
atmosphere is sequestered in seafloor sediments (Tréguer et
al., 2018). On land and in the ocean, the variety and specific
types of soil and sediment biota influence biogeochemical
cycling of nutrients and carbon (Averill et al., 2014; Crowther
et al., 2019), while the composition, variety and abundance
of both plants and animals impact carbon storage and the
carbon cycle (Chen et al., 2018; Huang et al., 2018; Lange
et al., 2015; Poorter et al., 2015; Sobral et al., 2017; Xu et
al., 2020).

Throughout our existence as a species, humans have
manipulated and transformed nature and natural resources
to produce materials needed to adapt to, and benefit

from, the variable environmental conditions on Earth.
Technological advances have allowed us to achieve better
living standards on average — but with strong social and
economic inequalities — and have contributed to growing
human populations worldwide, but at the cost of increasing
energy and material consumption (Messerli et al., 2019).
Human use and transformation of terrestrial, freshwater
and ocean ecosystems, exploitation of organisms, pollution
and the introduction of invasive species have resulted in
the rapid and widespread decline of biodiversity and the
degradation of ecosystems worldwide (Ceballos et al., 2020;
Crist et al., 2017; IPBES, 2018, 2019; Diaz et al., 2019;
Sage, 2020) (Figure 1.3). Simultaneously, increases in
greenhouse gas emissions, now exceeding 55 GtCOeyr ',
associated with fossil fuel combustion (84%) and land-use
changes (16%) have altered atmospheric composition
(Friedlingstein et al., 2020), and in turn the global climate
system, influencing global temperatures, precipitation and
the intensity and frequency of extreme weather events
(IPCC, 2014). Such climatic changes can act to exacerbate
biodiversity decline, which can in turn, feedback to further
impact climate (Figure 1.3).

Currently, less than a quarter (23%) of the Earth’s terrestrial
area (excluding Antarctica) and 13% of the ocean remains
free from substantial human impacts (Allan et al., 2017;
Jones et al., 2018; Watson et al., 2018) and approximately
half the area of coral reefs and over 85% of global wetland
area have been lost (IPBES, 2019). Humans and livestock
currently account for ~96% of the total mammal biomass

on Earth, while the biomass of domestic poultry is nearly
threefold higher than that of wild birds (Bar-On et al.,
2018). Human activities over millennia have resulted in an
estimated 83% reduction in wild mammal biomass (both
terrestrial and marine), and ~50% reduction in the biomass
of plants, relative to pre-human times (Bar-On et al., 2018).
Over the last few centuries, terrestrial vertebrates have
gone extinct at rates that are up to 100 times higher than
previous (background) levels (Ceballos et al., 2015), and
species are now more threatened with extinction than ever
before in human history (Diaz et al., 2019; IPBES, 2019).
Although empirical evidence for current climate change-
driven extinctions is still meagre (Cahill et al., 2013), there is
evidence to indicate that ongoing climate change is driving
geographic range shifts in species, altering phenology and
migration patterns and the availability of suitable habitat
for species and disrupting key ecological interactions in
communities (Lenoir et al., 2020; Lenoir and Svenning,
2015; Pecl et al., 2017; Poloczanska et al., 2013). All of
these effects have implications for the way ecological
communities and ecosystems function, and thus their
capacity to deliver nature’s contributions to people (NCP).

The rapid decline of biodiversity and changes in climate
are tightly intertwined: they share underlying direct and
indirect drivers (see Glossary), they interact, and can have
cascading and complex effects that impact people’s good
quality of life and compromise societal goals (Diaz et al.,
2019; IPBES, 2019, Figures 1.2-1.3).

Direct drivers of climate change include greenhouse

gas emissions from fossil fuel combustion and land-use
change (e.g., deforestation, agricultural practices) (IPCC,
2019a, 2019b; IPCC, 2014). Direct drivers of biodiversity
decline include land/sea use intensity and change, direct
exploitation of organisms, pollution, climate change and
invasive species (IPBES, 2019, chap. 2.2). Some direct
anthropogenic drivers such as deforestation, land-use
changes associated with agriculture, and pollution can
strongly drive both climate change and biodiversity decline,
whereas others primarily impact one or the other (e.g.,
invasive species or direct exploitation of organisms have
effects only on biodiversity decline).

Indirect drivers are the more distant causes of biodiversity
decline and climate change. They are underpinned by
societal values and can be external to the system in
question. Climate change and biodiversity decline share
the same indirect drivers, which are the ultimate forces that
underlie and shape the extent, severity and combination of
anthropogenic direct drivers that operate in a given place
(Barger et al., 2018; IPBES, 2019). Indirect drivers of climate
change and biodiversity decline include key institutional
and governance structures in addition to social, economic
and cultural contexts that drive human behavioural
patterns including consumption and energy use. Indirect
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Figure @ &) Indirect and direct drivers of biodiversity loss and climate change due to human

activities.

Climate change and biodiversity loss share common underlying drivers, and both impact (mostly in negative ways) people’s

quality of life.

drivers almost always interact across multiple scales and
varying degrees of proximity to the location in question,
from the global (international markets, commodity prices,
consumption patterns), to national and regional (national
policies, governance, domestic markets, demographic
change, migration, technological change) and local scales
(culture, poverty, economic opportunities) (Barger et al.,
2018; IPBES, 2019).

Climate change and biodiversity decline are largely driven by
the rapid rise in the consumption of materials and energy,
thus far predominantly in highly industrialized countries
(Steffen et al., 2015). Both climate change and biodiversity
loss have implications for people’s good quality of life,
locally and globally, and impact on economies (Crist et

al., 2017; IPBES, 2019). Degradation of the Earth’s land
surface negatively impacts the good quality of life of at least
3.2 billion people worldwide (IPBES, 2018). Biodiversity
decline can have major consequences for public health,
and can exacerbate existing inequalities, including access
to healthy diets (IPBES, 2019). Climate change similarly
poses significant risks for good quality of life. It can impact
food production and food security, including food access,
utilization and price stability (IPCC, 2019a; Ojea et al.,
2020; Ortiz et al., 2021). Climate extremes disrupt food
production and water supply, damage crops, infrastructure
and transport networks, and reduce air quality with
consequences for human health and good quality of life.
The negative effects are disproportionately felt by people
who are marginalized socially, politically, economically,

or culturally (Diaz et al., 2019; IPBES, 2019, 2018;
IPCC, 2014).

The COVID-19 pandemic has made the fundamental
interconnections among human health, biodiversity and
climate change a stark reality. Disruption, degradation and
fragmentation of natural ecosystems alongside growing
wild animal trade has brought wildlife, such as bats, which
carry viruses that can cross species boundaries, into close
proximity with domestic animals and humans (Lorentzen
et al., 2020). Climate change has engendered habitat loss
that contributes to this proximity and has also amplified
(through floods, heat waves, wildfires and food insecurity)
the suffering of humans during the COVID-19 pandemic
(McNeely, 2021).

Safeguarding nature and ensuring a stable climate are

thus vital to support people’s good quality of life. Failure to
recognize and address the intertwining of the direct and
indirect drivers of climate change and biodiversity decline
and their underlying causes will lead to less-than-optimal
solutions in tackling either problem. For example, climate
mitigation measures that do not acknowledge and consider
biodiversity consequences, such as dense monocultural
tree planting in grasslands and savannas as a carbon
sequestration measure, can have severe unintended
consequences in terms of loss of native and endemic
species diversity (Bond, 2016; Griffith et al., 2017; Seddon
et al., 2021; Veldman et al., 2015, 2019) (see also Sections
2 and 3). Similarly, conservation measures that explicitly
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consider future climate scenarios and impacts are more
likely to be successful at conserving biodiversity in the long-
term (Hannah et al., 2020) and to mitigate climate change
(Sections 2 and 5).

1.2 INTERLINKAGES IN
UNDERLYING DRIVERS,
FEEDBACKS BETWEEN
SYSTEMS, AND IMPACTS

Anthropogenic climate change has emerged as a dominant
threat to ecosystems over the last few decades (Arneth et
al., 2020; IPBES, 2019; Maclean and Wilson, 2011; Thomas
et al., 2004; Urban, 2015), impacting Earth’s biodiversity

by altering species ranges and abundances, reshuffling
biological communities and restructuring food webs, altering
ecosystem functions, and generating negative feedbacks

to people’s good quality of life (see also Sections 1.1, 2

and 4). Species living close to their upper thermal limits are
particularly at risk, as are ecosystems such as coral reefs
(Hoegh-Guldberg and Bruno, 2010; Hughes et al., 2019),
lakes (Woolway et al., 2021) and wetlands (Xi et al., 2020).
Under present conditions (1°C warming), warm-water coral
reefs are at high risk; kelp forests and seagrasses reach
high risk under modest future warming (RCP 2.6) while most
other shallow ocean ecosystems experience moderate risk.
Under high future warming (RCP 8.5) all ocean ecosystems,
including those in the deep sea are at high or very high risk
(Bindoff et al., 2019).

Many terrestrial and aquatic species are already responding
to climatic changes by elevational, depth (for ocean) and
especially latitudinal shifts in their distribution ranges, tracking
shifting isotherms (Brito-Morales et al., 2020; Lenoir et al.,
2020; Pecl et al., 2017; Pinsky et al., 2013; Steinbauer et

al., 2018). Species redistributions due to climate change

are leading to reduced marine species richness in equatorial
latitudes (Chaudhary et al., 2021; Yasuhara et al., 2020).
Moreover, barriers to dispersal, differences in the ability

of species to track climate and tolerate extreme climatic
events (e.g., droughts, floods, heat waves, mega-fires

and cyclones), and temporal lags in species responses

are triggering compositional shifts, decreasing taxonomic,
functional and phylogenetic diversity and are reorganizing
local communities, with such reorganization likely to continue
in the future creating potentially “novel” communities (Aguirre-
Gutiérrez et al., 2020; Arneth et al., 2020; Batllori et al.,
2020; Bjorkman et al., 2018; Bowler et al., 2020; Davidson
et al., 2020; Franca et al., 2020; Fuchs et al., 2020; Leadley
etal., 2014; Pecl et al., 2017).

Although only a few recent species extinctions have as yet
been formally and rigorously attributed to current climate

change (Cahill et al., 2013; IPCC, 2014), the fossil record
tells us that rapid climate change can be a key driver of
mass extinctions, capable of eliminating up to 90% of all
species (Benton, 2018; Bond and Grasby, 2017; Dunhill
et al., 2018; Foster et al., 2018), raising concerns about
the adaptive potential of extant species to ongoing and
future climate change (Radchuk et al., 2019; Storch et al.,
2014). Under a global warming scenario of 1.5°C warming
above the pre-modern GMT, 6% of insects, 8% of plants
and 4% of vertebrates are projected to lose over half of
their climatically determined geographic range. For global
warming of 2°C, the comparable fractions are 18% of
insects, 16% of plants and 8% of vertebrates (IPCC, 2018;
Warren et al., 2018). Future warming of 3.2°C above pre-
industrial levels is projected to lead to loss of more than half
of the historical geographic range in 49% of insects, 44%
of plants, and 26% of vertebrates (Warren et al., 2018).
Under warming scenarios associated with little successful
climate mitigation (RCP 8.5), abrupt disruption of ecological
structure, function and services is expected in tropical
marine systems by 2030, followed by tropical rain forests
and higher latitude systems by 2050 (Trisos et al., 2020).

The impacts of climate change and other anthropogenic
drivers of biodiversity loss vary geographically and between
habitats and taxa (Blowes et al., 2019; Bowler et al., 2020).
In general, marine and freshwater ectothermic organisms
appear to be more vulnerable to warming than terrestrial
organisms (Morgan et al., 2020; Pinsky et al., 2019) and
biodiversity decline over the last few decades appears to be
stronger, but more variable, in the ocean when compared
to terrestrial systems (Blowes et al., 2019). However, the
magnitude and even the direction of change (loss versus
gain) can be strongly scale-dependent. For example,
species richness for some taxa has declined locally but
increased regionally (as in the case of North American
birds) or has remained unchanged locally but declined

at larger spatial scales for some (e.g., Central American
corals) (Chase et al., 2019). Even where environmental
changes have largely neutral effects on species richness at
local scales, they can cause the taxonomic and functional
homogenization of biological communities across large
scales (Dornelas et al., 2014; Guerra et al., 2021), which

in turn can impair ecosystem functioning, decrease the
resilience of communities to environmental disturbances,
and increase susceptibility to future invasions and pathogen
outbreaks (Olden et al., 2004).

Although patterns vary geographically, anthropogenic drivers
of biodiversity change tend to act together and spatially
overlap to a greater degree more often in terrestrial systems
than in the marine realm (Bowler et al., 2020). Direct human
impacts are the dominant drivers of species decline in areas
of high human densities and impact (e.g., close to human
settlements, land suitable for agriculture) (Bowler et al.,
2020; Venter et al., 2016). Climate change, on the other
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hand, appears to be the dominant driver of biodiversity loss
in terrestrial areas that have been less impacted by humans,
such as deserts, tundra and boreal forests (Bowler et al.,
2020). Both climate change and other anthropogenic drivers
act together to drive biodiversity loss in other systems such
as the oceans of the Indo-Pacific that are characterized by
both high fishing and high climate change (Bowler et al.,
2020; Pinsky et al., 2019).

Drivers of climate change and biodiversity loss interact in
complex ways to produce outcomes that may be synergistic
(i.e. the outcome is greater than would be expected when
acting alone), antagonistic, gradual or abrupt (Berdugo et

al., 2020) (see Section 6 for further exploration of these
concepts). When multiple drivers act together, their impacts
on biodiversity and ecosystem functioning can be more
pronounced, but also more variable. This means the
outcome is not readily predictable based on our previous
understanding of the consequences of single environmental
change drivers (Thakur et al., 2018; Rillig et al., 2019) and
thus prone to “ecological surprises” (see Section 6 for
further exploration of critical thresholds and tipping points).
Multiple drivers acting synergistically might result in new
emergent socio-ecological conditions (e.g., as a result of
change in human behaviour and consumption patterns)
leading to “socio-ecological surprises”, posing challenges
for biodiversity conservation and climate mitigation. Climate
change can also potentially cause abrupt and irreversible

(or difficult to reverse) shifts from one state to another, when
ecosystems are forced across critical thresholds (Barnosky
et al., 2012; Berdugo et al., 2020). Some examples include
the decline of snowfield and glacier sizes leading to a
reduction in late-summer streamflow with nonlinear impacts
on biodiversity (Jacobsen et al., 2012), ocean warming and
acidification reducing the fitness of tropical corals and the
subsequent degradation of tropical coral reef ecosystems
(Pandolfi et al., 2011), or the synergistic interactions between
deforestation and droughts that can promote fire, leading to
the replacement of forests by savanna-type vegetation or fire-
prone secondary forests (Leadley et al., 2014). However such
critical thresholds or “tipping points” (Lenton et al., 2008) are
often hard to predict (Dudney and Suding, 2020; Hillebrand et
al., 2020), and therefore difficult to prepare for.

Changes in species composition and the reorganization

of local and regional biological communities have
consequences for biophysical and biochemical processes,
with implications for climate and regional energy, nutrient and
water cycles (Arneth et al., 2020). For example, the current
northward shift of coniferous trees in the Arctic due to
increased temperature reduces the reflection of sunlight from
the Earth’s surface (the surface albedo), amplifying global
warming (Pearson et al., 2013, 2013; Vowles and Bjork,
2018). At the same time, biodiversity can help people to
better adapt to adverse climatic changes, including extreme
weather events (Chausson et al., 2020; Cohen-Shacham et

al., 2019; Duffy et al., 2016, also see Section 4), and also
act as a buffer to mitigate the consequences of climate
change (Cardinale et al., 2012; Hautier et al., 2015; Hooper
et al., 2012; Isbell et al., 2015, 2011). Species diversity can
potentially act as an insurance against declines in ecosystem
functioning because when there is a greater variety of
species there is a higher likelihood that some will maintain
functioning, even if others fail (Eisenhauer et al., 2011;
Kiessling, 2005; Naeem and Li, 1997; Yachi and Loreau,
1999). Communities with a greater diversity of species and
functional types, both terrestrial and marine, have often been
shown, on average, to respond less to and recover sooner
from, climate variability and extremes (Anderegg et al., 2018;
Isbell et al., 2015; Rastelli et al., 2020). This diversity-stability
relationship also applies to entire ecosystems. Ecosystem
integrity, the capacity of an ecosystem to maintain structure
and functions, is facilitated by greater biodiversity (Timpane-
Padgham et al., 2017). However, there are limits to the
adaptive capacity of biological communities, with thresholds
that are system-specific and under-explored (Baert et al.,
2018). Conserving biodiversity in all its facets and mitigating
climate change is thus crucial to ensure the longer-

term stability of ecosystem functions and the continued
provisioning of nature’s contributions to people (Craven et al.,
2018; Isbell et al., 2017; Oliver et al., 2015).

Biophysical environmental impacts can occur across vast
distances (Glantz et al., 1991; Liu et al., 2013). Human and
natural systems around the world are also now increasingly
connected with the result that the impacts of human
actions in one part of the globe can be felt at distances far
removed from their source (Friis et al., 2016). Local actions
and decisions can cascade to affect the regional availability
and distribution of nature’s contributions to people;
impacts that might be more immediately felt by those who
directly depend on nature for their livelihood, particularly

in non-industrialized nations (Ojea et al., 2020; Pecl et al.,
2017). Teleconnections are facilitated by global travel and
trade but also through exchanges between distant actors
through flows of capital, energy, services and information
through telecommunication advances such as the internet
(Carrasco et al., 2017). Such linkages are stronger than
ever before, with the speed and spatial scope of economic
and biophysical processes previously confined to discrete
governance scales now occurring at geographical
distances far removed from their source (Adger et al.,
2009; Carrasco et al., 2017). Telecoupling also provides
opportunities for both biodiversity conservation and climate
change mitigation and adaptation, with the causes and
impacts of telecoupled drivers originating from ‘distant
supermarkets, corporation boardrooms, stock markets
and the internet’ at an unprecedented speed and intensity
(Carrasco et al., 2017). Telecoupling thus requires
integrated and globally coordinated governance efforts

to tackle the dual challenges of biodiversity decline and
climate change (Sections 1.3, 6, 7).
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1.3 TOWARDS A JUST AND
SUSTAINABLE FUTURE

Several global initiatives, established over the past three
decades, have a mandate to address the three components
of biodiversity conservation, climate action and equitable
sustainable development. The Strategic Plan for Biodiversity
2011-2020 of the Convention on Biological Diversity (CBD)
aimed to safeguard biodiversity on land and sea through
the adoption of the Aichi Biodiversity Targets. More recently
such goals have been translated to the post-2020 global
biodiversity framework. The Paris Agreement to the United
Nations Framework Convention on Climate Change
(UNFCCQC) aims to strengthen the global response to
climate change by limiting global temperature rise well below
2°C above pre-industrial levels and to ensure an adequate
adaptation response in the context of the temperature goal.
The United Nations Sustainable Development Goals (SDGs)
aim to address global challenges, such as poverty and
inequality, through the achievement of 17 goals.

Even though the goals of these initiatives are clear, as
well as the message that different components need to
be addressed concurrently for a peaceful and prosperous
future for the planet and people, understanding of how
this can be achieved through national or local actions or
policies is not always straightforward. Actions or policies
targeting one component can be co-detrimental and co-
beneficial, respectively) (Fuso Nerini et al., 2019; Kroll et
al., 2019; Zeng et al., 2020). Therefore, it is crucial to be
aware of the impacts that actions and policies targeting
one component may have on others and of the synergies
and trade-offs across the three components that such
actions may lead to.

Currently, global strategies to halt the decline of biodiversity
and mitigate climate change are usually formulated
independently and often without considering their social
implications (Arneth et al., 2020; Diaz et al., 2020;
Dinerstein et al., 2020). This presents a high risk because
narrowly-conceived actions to combat climate change
can unintentionally harm biodiversity, while measures to
protect biodiversity can unintentionally impair climate
mitigation or human adaptation processes, both with
potential negative implications for people’s good quality
of life (Diaz et al., 2020). For example, addressing climate
change issues may become counterproductive if policies
initiated to reduce greenhouse gas emissions aggravate
biodiversity decline (Diaz et al., 2019; Griffith et al., 2017,
Veldman et al., 2019). The recent IPCC and IPBES reports
acknowledge that transitioning to a low carbon future and
curbing biodiversity loss will require rapid, far-reaching
and unprecedented transformative changes (IPCC, 2014;
IPBES, 2019; IPCC, 2019b, see Section 7), which will,

in turn, affect the lives and livelihoods of people both in
positive and negative ways.

10

Developing appropriate policies to simultaneously address
the multiple challenges of climate change, biodiversity loss
and people’s good quality of life is necessary but not easy,
particularly as interactions of the climate-biodiversity-society
nexus operate at different temporal and spatial scales and
involve actors with different perspectives. The short-term
impacts of climate change and biodiversity decline are

more pronounced in areas where people directly depend

on nature for their livelihoods and are felt most strongly

by people in situations of vulnerability with less adaptation
options at hand (Diaz et al., 2019; IPBES, 2019; Thomas,
2020) (see Section 4). Where ecological threats overlap with
social vulnerability, climate change and biodiversity loss can
further exacerbate inequalities in ensuring a good quality of
life for all (Human Development Report, 2020).

Despite growing awareness of the linkages between
biodiversity loss and climate change, we still lack a full
understanding of how social issues, particularly inter- and
intra-generational equity, are affected by interventions

to mitigate climate change or to conserve biodiversity
(Halpern and Fujita, 2013; Zafra-Calvo et al., 2019). The
linkages between biodiversity, climate and social issues
can have significant implications for the effectiveness of
policies designed to address them, with outcomes that
can be co-detrimental, display strong or weak trade-offs,
or even deliver co-benefits (see Section 6). Co-benefits
may result from climate or biodiversity solutions that

also bring social benefits at the local level. For example,
the implementation of the REDD+ initiative (Reducing
Emissions from Deforestation and Degradation, see
discussions in Section 4) provides an opportunity to
improve forest governance and support rural livelihoods
in host countries, in addition to its main goal to mitigate
climate change impacts (Garibaldi and Pérez-Méndez,
2019) (see Box 6.1 in Section 6).

However, such mitigation policies can impact social equity
(Palomo et al., 2019; Robiou du Pont et al., 2017). They
might also lead to societal trade-offs in terms of who bears
the costs and who receives the benefits of biodiversity

and climate change interventions (Markkanen and Anger-
Kraavi, 2019; Schleicher et al., 2019). For example, ‘green’
investments, e.g., biofuels, solar, wind, hydropower and
geothermal facilities, can have negative impacts on local
livelihoods, particularly if they prioritize private profits over
social and environmental concerns (Corbera et al., 2019;
Del Bene et al., 2018). Acknowledging and understanding
the societal trade-offs derived from policies oriented to
address the climate and biodiversity challenges is critical for
the design of policies that create the enabling conditions for
the transition towards a just and equitable future. Enabling
conditions, or factors that can contribute to the success

of such policies, include economic incentives, governance
factors (i.e., policy coherence and partnership), capacity
building, engagement processes for knowledge co-
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production, or adaptive monitoring and accountability (IPCC,
2019c; Stafford-Smith et al., 2017).

Climate and biodiversity policies also need to account for
the multi-level and multi-scale coupling of human-natural
systems (Cheung et al., 2016). Changes in biophysical
drivers linked to climate, habitat loss, or removal of
organisms through overexploitation will each affect
biodiversity at different levels of organization, further altering
human actions and behaviours, and generating cascading
effects (Gregr et al., 2020), which propagate across different
components of coupled human-natural systems and across
spatial and temporal scales. Such cascading responses

to changing climate and biodiversity drivers can iteratively
feedback to affect people’s quality of life (Dietze et al.,
2018). Additionally, the uneven distribution of biodiversity
and spaces for mitigation action across regions leads to
numerous exchanges of resources across large distances,
resulting in telecoupling (Liu et al., 2013). Telecouplings

can reinforce inequality because they spatially separate

the drivers and consequences of a process. For example,
policies implemented to promote biodiversity conservation
and climate change mitigation and adaptation strategies
involving transnational land deals in developing countries
can initially bolster local economies. However, in the long-
term these same policies can lead to social inequities and
land degradation through processes of land grabbing and
concentration (Hunsberger et al., 2017).

A sustainable global future for people and nature remains
possible but requires rapid, radical and transformative
societal change including adopting a way of thinking that
integrates (rather than keeps separate) the technical,
governance (including participation), financial and societal
aspects of the solutions to be implemented (Section 7). The
window to limit damage from biodiversity loss and climate
impacts is rapidly closing, so solutions need to be deployed
rapidly. Several potentially useful approaches to bridge
climate and biodiversity actions (and their potential social
impact) are being proposed. These include nature-based
solutions (NbS, defined as “actions to protect, sustainably
manage, and restore natural or modified ecosystems, that
address societal challenges effectively and adaptively,
simultaneously providing human well-being and biodiversity
benefits”, see glossary and discussion in Sections 3 and

4) (Seddon et al., 2020), but also solutions that create
technological-ecological synergies, or an integrated
systems-approach that recognizes the potential co-benefits
that exist in combining technological and nature-based
solutions (Hernandez et al., 2019) (Section 7).

New governance models are needed that are designed
to integrate multi-actor and multi-scalar governance and
which measure human progress through new systems of
environmental accounting and natural and social capital
(Section 7.4). For example, while the UN processes

recognize nations as the main actors in delivering policy
actions, they often overlook the potential roles and
responsibilities of other actors (e.g., local and subnational
levels of government, indigenous peoples and local
communities, corporations and industries, philanthropic
foundations and non-governmental organisations). This not
only hampers participation, but also dilutes responsibilities.
Thus, despite the growing role of multinational corporations
in driving the interconnected challenges of biodiversity

loss and climate change, holding them accountable at

the international scale is difficult as the international law
system has state-actors at its core. Multi-actor governance
would enlarge the participatory space and make all actors
more accountable.

Delivering solutions that target the climate-biodiversity-
society nexus as a whole requires moving from a sector-by-
sector approach to one including high-level coordination and
the balancing of social and environmental goals. Enabling
transformative change towards a just and sustainable future
requires new ways to evaluate and adaptively manage
trade-offs between maintaining desirable aspects of current
social-ecological systems and adapting to major biophysical
changes to those systems.

That said, it is critical that attention is paid to achieving just
transitions in the shift towards transformative change. In
particular, it is important that system-wide change does not
have a disproportionate impact on those who are already
disadvantaged (Ciplet and Harrison, 2020; Kashwan et al.,
2020). As such, efforts towards transformative governance
need to address existing injustices while being cognisant
of complexity, feedbacks and trade-offs across social-
ecological systems.

The COVID-19 pandemic provides both a time-limited
learning opportunity and a chance for promoting solutions
that help mitigate both the climate and biodiversity crises
and advance UN Sustainable Development Goals (SDGs).
On the one hand, many have suggested the COVID-related
lockdowns mandated around the world in 2020 have served
as biodiversity conservation (Bates et al., 2020) or emissions
reduction experiments (Le Quéré et al., 2020) from which
we can learn. But the pandemic has also taught us how
easy it is to divert attention and funding away from tackling
urgent biodiversity and climate challenges (McNeely, 2021).
Major international plans for policy progress on biodiversity
(CBD COP 15) and climate change (UNFCCC COP 26) and
efforts to focus these jointly on the oceans (UN Oceans
Conference) have been delayed by the pandemic for at least
a year. On the other hand, funding released to alleviate the
consequences of the pandemic also present an opportunity
if post-COVID recovery packages are oriented to deliver a
“green” and “blue” restart of the economy, mainstreaming
climate and biodiversity into economic priorities (Hepburn et
al., 2020; McElwee et al., 2020).
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Box @ @ Biodiversity and Climate are connected through carbon.

Life on Earth is based on carbon. Plant and animal tissues are
made from carbon. Carbon is the critical element in carbon
dioxide, methane and soot (black C), all of which trap heat
when they occur in excess in the atmosphere. Carbon dioxide
is the raw material for photosynthesis, which is carried out

by plants and algae (and bacteria) — providing the energetic
currency for life, and sequestering carbon above and below
ground. Changes in temperature and carbon dioxide alter rates
of photosynthesis and fates of carbon within primary producers.
Plants on land and algae and some animals in the ocean (e.g.,
corals, sponges, bivalves) create habitat structure, modify
environments and provide food that supports biodiversity.
Plants, algae and microplankton degrade after death, but some
are buried for millennia to eventually form coal, oil and gas. The
removal and burning of plants and of fossil fuel release excess
CO, into the atmosphere, with the latter responsible for the
majority of global warming. Loss of forest cover reduces the
natural photosynthetic removal of CO, although some plants
benefit from excess CO, in the atmosphere. Both elevated CO,
emissions and declining CO, removal contribute to warming the
land and ocean, which then feeds back to affect the people’s
quality of life. Thus, human land use involving deforestation,

agriculture, or even energy farms (large-scale installations of
wind turbines or solar panels) can affect biodiversity directly or
through changing climate.

Other aspects of climate change influence both the habitability
of land and oceans, and their biodiversity, with direct damage
to humans. Drought, rainfall, temperature, loss of sea ice, sea-
level rise, changes in ocean physicochemistry (pH, CO, and
0,), storms and flooding, affect biodiversity directly and nature’s
contributions to people (food security, livelihoods, health).
Plants and animals (including people) have basic physiological
tolerance limits and must move or adapt when these
thresholds are surpassed, or otherwise die. Movements are
underway; potential for both evolutionary adaptation and plastic
phenotypic change appear to be limited (but not fully known).
Understanding and managing biodiversity responses are made
more complex by the dispersive life stages of plants (e.g.,
seeds) and animals (larvae, reproductive migrations) introducing
distinct habitat requirements and climate vulnerabilities for
different phases; these create connections across land-sea, air-
water and water-seafloor interfaces that challenge current social
constructs and management capabilities.
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Biodiversity conservation
in light of a changing climate

his section focuses on how anthropogenic
climate change has impacted on biodiversity
and is changing the goalposts for successful
conservation into the future. A broader scope
for conservation is envisioned, from species
and protected area focus in intact spaces
to integrating people in multifunctional land, freshwater and
seascapes that facilitate and enable adaptation. Such efforts
would fully integrate climate and biodiversity actions and
support multiple objectives under global policy processes for
biodiversity, climate and sustainable development.

2.1 HOW CLIMATE CHANGE
IMPACTS BIODIVERSITY

2.1.1 Evidence of impacts

Impacts of anthropogenic climate change have been
documented in plants and animals across marine, terrestrial
and freshwater realms. They span all principal biomes, from
rainforests and deserts to wetlands, and from coastal marine
to the deep ocean (Doney et al., 2020; Ripley et al., 2020;
Scheffers et al., 2016; Rogers et al., 2020). Climate change
impacts on species occur at a range of scales (from genes
and individuals to populations), and at habitat and ecosystem
scales, they may occur through changes in interspecies
interactions (e.g., competition, predation or disease),
community composition (Scheffers et al., 2016), ecosystem
function and ecosystem structure (IPBES, 2019; Chapter
2.2). Historically, loss in biodiversity has been attributed (IPBE,
2019) primarily to changes in the intensity by which the land
and sea are used (34% contribution to losses over the past
century) and direct exploitation of species (23%), followed

by climate change and pollution (14% each). The impact of
climate change is projected to surpass other threats during
the 21%tcentury (Arneth et al., 2020), both through direct
effects and intensifying interactions with other drivers.

Observed climate change impacts on biodiversity include
direct alteration of abiotic conditions, such as shifts in

climatic features (e.g., temperatures, seasonality, extreme
weather), the physical environment (e.g., sea level, glacial
extent, fire frequency, oxygen concentration) and atmospheric
greenhouse gas concentrations (e.g., CO,). Climate threats
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interact with one another and their impacts accumulate;

for example, ocean temperature, acidification and hypoxia
interact to produce complex biotic responses (Portner et al.,
2014). Climate change interacts with and often exacerbates
non-climate threats, for example by degrading habitats,
increasing disease susceptibility, changing movement
patterns of non-native invasive species and increasing
reliance of people on extractive resources. Human responses
to climate change, with the aim of climate mitigation (see
Section 3) or to assist humans to adapt to climate change
(see Section 4), also affect biodiversity, either negatively or
positively (Aradjo et al., 2017; Correa et al., 2021; Foden et
al., 2018; Stafford et al., 2019) resulting in complex patterns
of change and responses (Rillig et al., 2019). Since terrestrial,
freshwater and marine systems are controlled by different
biophysical properties and differ in their spatial structure,
biodiversity responses may be fundamentally different in these
different domains (Klink et al., 2020).

At the individual organism level, climate change impacts may
appear, for example, as changes in growth rate, reproductive
success, behaviour timing, disease susceptibility or traits
such as body size. At population level, this may scale up to
changes in population size, age structure, sex ratio or gene
flow between subpopulations. Such impacts may translate
to species-level changes in abundance, range size and
location, level of range fragmentation or changes in genetic
diversity. These changes may increase or decrease the
species’ extinction risk or have varying effects in different
parts of the species range. Resulting impacts on inter-
species interactions include shifts in interactions between
competitors, predators and prey, and those relying on
pollination, biotic pollination, parasitism, and symbioses.

Cascading effects at community and ecosystem level may
include changing composition, function, and interactions with
disturbance effects (e.qg., fire). Ecosystem shifts (e.g., savanna
to woodland), loss and novel recombinations may result.

As a result of these complexities, impacts on ecosystem
functioning (and thus their capacity to deliver NCP) are hard
to attribute to specific causes, and this has impeded actions
aimed at addressing negative impacts. The strength of
attribution of impacts to climate change decreases in roughly
this order: changes in species abundances and ranges,
certain traits such as length of fish, sustainability of exploited
stocks, Net Primary Productivity (NPP) and changes in
particularly vulnerable ecosystems, such as coral reefs.
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Climate impacts may differ among the subregions of large precipitation) is slow, resulting in longer climatic residence times

or continent/ocean scale areas. The spatial patterning of (Loarie et al., 2009 ). Climate refugia have been associated

subregional to local climates and ecosystems, and natural with larger protected areas (PAs) and topographically

corridors for migration of species, affect how effectively they — complex (mountainous) terrain (Ackerly et al., 2010; Chen et

will be able to track shifting climates. Biodiversity hotspots al.,, 2011; Mora et al., 2013), and often have high levels of

and isolated ecosystems such as islands, mountains, lakes, endemism (Sandel et al., 2011; Roberts & Hamann, 2016). For

enclosed seas and seamounts are particularly challenged, temperature in particular, climate trajectories are polewards

as they may have few or no corridors facilitating migration at large scales, and towards complex topography, moving

of species, and they are spatially limited along latitudinal or up slope. There is, however, significant variability especially at

altitudinal gradients (Leclerc et al., 2020). local scales resulting from increased topographic variability,
interactions with other climate factors (e.g., precipitation and

‘Climate velocity trajectories’ (CVT) show the speed and aspect on land), and degree of anthropogenic disturbances.

direction that a species must migrate to keep pace with its

current climate envelope (Brito-Morales et al., 2018; Burrows This variation is illustrated by combining established surface

et al., 2014). From this perspective, climate refugia are places temperature warming and biodiversity intactness analyses

where the velocity of climatic parameters (e.g., temperature, (Figure 2.1). CVT distance increases from 1 to 2 degrees of
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Figure @ 1 Climate velocity trajectory (CVT) patterns based on land and sea surface temperatures:
for Key Biodiversity Areas (KBAs) globally under scenarios of 1, 2 and 6 degrees of
warming (assuming spatially homogenized change in temperature over time, see
Burrows et al. 2011 and 2014).
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Figure 9

@ Map panels for selected regions illustrate CVT at 6 degrees of warming of surface temperature above baseline (2000s
decade), obtained from MEERAcIim (Vega et al. 2018). From top to bottom: small islands (Northern Caribbean), large islands
and oceanic systems (Southeast Asia/West Pacific) and a continental land mass (Southern Africa). Colour coding in the
basemap shows global intactness (based on the Biodiversity Intactness Index, Ocean Health Index, and fraction of anthromes
on land) for terrestrial and ocean surfaces. Arrows show predicted CVT for each KBA anchored at its centroid. The absence
of an arrow indicates the predicted CVT remains within the KBA, i.e., the KBA is climatically stable. Black arrows indicate
terrestrial and marine KBAs for which the climate envelope moves outside the KBA but remains on land or sea respectively
(shifted); red arrows indicate KBAs for which the climatic envelope is ‘lost’, as the CVT crosses a coastline, or shifts off the
top of a mountain. The right panel illustrates CVT results for all 16,310 KBAs globally (Birdlife International 2020): @ violin plot
of the proportion of KBAs shifted by CVT distance (x axis) for 1, 2 and 6 degrees of warming (grouped on the y axis); ® the
proportion of KBAs on continents, islands and ocean for which the climatic shift is stable, shifted or lost.

warming (above a baseline in the decade 2000-2010), with
a lesser increase from 2 to 6 degrees of warming (Figure
2.1b). CVT shift varies significantly spatially, illustrated at
varied scales in the maps (Figure 2.1a) and at the broadest
scale for Key Biodiversity Areas (KBAs) on continents,
islands, and oceans (Figure 2.1c). At 1 degree of warming
only 8.7, 4.8 and 3.0% of KBAs on continents, islands, and
oceans have a stable climate, respectively (Figure 2.1c).
This decreases to only 1-3% across all three groups at

6 degrees of warming. 34-38% of island KBAs lose their
climate completely (see Section 2.1.2), compared to only
6-7% for KBAs on continental land masses (6-7%). The
high loss for marine KBAs may relate to blocked trajectories
of coastal KBAs in biodiversity hotspots. Such potential
high losses of climate envelopes from insular and coastal
biodiversity hotspots may imply disproportionate losses to
global biodiversity levels (e.g., Manes et al. 2021).

Estimated velocity of poleward range shifts for marine
species average 5.92 + 0.94 km yr', six times faster than
the average for terrestrial species (Lenoir et al., 2020).

This may be due to a combination of greater sensitivity to
temperature increases and lower dispersal and colonization
constraints for tropical marine species together with greater
sensitivity to climate change at higher latitudes due to
interactions with anthropogenic activities such as fishing
pressure and pollution (e.g., North Sea) (Poloczanska et

al., 2013; Lenoir et al., 2020). By contrast, the slower
average velocity range shifts among terrestrial species (1.11
+ 0.96 km yr') means that they frequently lag behind the
faster-moving climate envelopes (Lenoir et al., 2020). This
slower tracking of climate envelopes on land has been
attributed to wider thermal safety margins, impediments

to dispersal across landscapes by habitat destruction and
fragmentation, topo-climatic heterogeneity in mountainous
regions (Scherrer and Kérner 2009), and increased
importance of biotic interactions within tropical regions
(Graae et al., 2018). Where species and assemblages are
able to ‘keep up’ with shifting climate conditions, multiple
possible endpoints in community composition and structure
are nevertheless possible, such as in rapid tropicalization
of temperate marine ecosystems (Vergés et al., 2019). By
contrast, inability to keep up with shifting climate conditions
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leads species and assemblages to become separated
from their climate envelopes, which is inferred to result in
decreased population viability and may eventually result in
local extinction.

2.1.2 What might we lose?

Species range shifts in response to climate changes are a
primary multigenerational adaptation response to climate
change. The consequences of this locally may be extirpation
of species in some parts of a species range and addition

of species at another, on aggregate leading to changing
patterns of species richness (Hannah et al., 2020). Habitat
fragmentation, such as through land-use conversion (Hu

et al., 2020) may turn hotspots or protected areas into
islands and accelerate climate-related biodiversity loss
within them (Warren et al., 2018). Isolated ecosystems —
such as mountains and islands — may become ‘evolutionary
traps’, where the migration of climate zones off the top of
mountains or off of islands makes it impossible for species
to migrate to new locations with suitable climatic conditions
(Leclerc et al., 2020). Native species (especially endemics)
show higher vulnerability to climate change (Pacifici et al.,
2015), while impacts may be neutral to positive for invasive
species within terrestrial and marine systems.

Insular biodiversity hotspots are a key component of global
biodiversity, with islands estimated to host close to one fifth
of extant terrestrial species (Wetzel et al., 2013). However,
insular species are innately vulnerable, accounting for close
to half of all the terrestrial species presently considered at
risk of extinction (Spatz et al., 2017). Insular endemics are
exposed to limited resources and tend to be characterised
by poor adaptation, defensive and dispersal capacities,
which when combined with climate change and associated
impacts such as extreme events and sea level rise, further
increases their risk of extinction. Due to high endemicity
levels, insular extinctions are likely to disproportionately
contribute to global biodiversity loss (Pouteau & Birnbaum,
2016; Manes et al., 2021). However, despite progressively
improving resolutions of Regional Climate Models (RCMs),
integration of robust climate projections into conservation
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planning in insular hotspots (especially small islands)
remains impeded (Maharaj & New, 2013). This is due to
RCM data from the most recent suite of models (especially
Shared Socioeconomic Pathways SSPs): (i) being not

yet available to the primary modelling communities of
developing nations within most insular regions and (i)
requiring further (dynamical) downscaling to sub-island
resolutions in order to simulate the climatic heterogeneity
of complex insular topography and coastlines (e.g., Climate
Studies Group Mona (Eds.), 2020). In marine systems
highest concentrations of climate vulnerable species are

in tropical regions (Pacifici et al., 2015; Trisos et al., 2020),
already resulting in a decline in diversity in equatorial regions
(Chaudhary et al., 2021). However specific taxonomic
groups may differ from this pattern, such as for marine
mammals where species in northern seas and regions (e.g.,
N. Pacific, Greenland Sea) are most vulnerable and have
long histories of overexploitation (Albouy et al., 2020).

Changing climatic conditions and resulting shifts in species
ranges may alter ecosystem functions and the integrity of
ecosystems (De Leo and Levin 1997, Newmark 2008). Loss
of ecosystem integrity can exacerbate species loss as well
as the provisioning of benefits, and particularly important
for this report is the potential loss and instability of carbon
storage capacity for mitigating climate change (Thompson
etal. 2012).

2.1.3 Interactions between climate
change and other pressures on
biodiversity

Other anthropogenic pressures and direct drivers (including
land/sea-use change, direct exploitation of organisms,
pollution and invasive alien species) may interact with
climate change, resulting in complex and nonlinear
responses in biodiversity (IPBES, 2019, 2.1.16). Increasing
habitat fragmentation due to expanding infrastructural
development is a key risk, including the development

of mining, cities, roads and railways, transformation of
coastlines into ports, coastal protection, etc. (Bugnot et al.,
2020), aquaculture, and energy facilities (including solar and
wind farms), amongst others. In coastal zones increasing
nutrient and chemical inputs to coastal waters combined
with climate drivers such as increasing temperature and
hypoxia result in expanding coastal dead zones and
compounding stress and mortality to e.g., coral reefs (Altieri
etal., 2017).

Interactions between climate change and invasive and
disease species are a particular concern (IPCC, 2014), both
exacerbated by global trade. Invasive species are projected
to benefit from climate change as it accelerates rates of
colonization through adaptive migration, and weakens

the integrity of in situ biotic assemblages, thus raising the

likelihood of colonizing species being able to thrive in new
locations and in novel climates. If the invading species is a
pathogen, the potential for emergence of new diseases may
increase (Val & Val, 2020). Changing climatic conditions also
lead to shifts in disease vectors (e.g., malaria mosquitoes
and ticks) and their potential release from natural controls.

2.1.4 Biodiversity declines and Good
Quality of Life

Material, non-material and regulating contributions from
nature to people (NCP) sustain billions of people worldwide
(IPBES, 2019). The ‘co-production’ of NCP, based on the
use of anthropogenic assets, is ultimately determined by
the perceived values of NCP, and governance systems
including those that impinge on access and control over
different components of biodiversity. NCP is defined to have
both ecological and social determinants, and the distribution
of NCP in society is an important factor (Diaz et al., 2018;
Pascual et al., 2017) (see Sections 6 and 7). In the context
of the Sustainable Development Goals the provision of
benefits is to meet the needs ‘of all people’, or ‘leave no
one behind’ (IPBES, 2019). This equity-based notion is

also encapsulated in objectives 2 and 3 of the Convention
on Biological Diversity and the ‘common but differentiated
responsibilities’ of the UNFCCC.

2.2 CONSERVING NATURE IN
A CHANGING CLIMATE

2.2.1 Conservation’s changing
objectives

For most of the last century, nature conservation has
focused on preserving the perceived historical state of
nature, with the aim of maintaining and restoring nature

to its state ‘prior to human interference’. This approach
effectively regarded humans as external to and detrimental
to nature, and paid little concern to sustainable use regimes,
nor to notions of equity and social justice — especially
towards indigenous peoples impacted by conservation
(IPBES, 2019). On aggregate, conservation actions to date
have been too limited in relation to the scale of threats to
slow the global decline in biodiversity. Currently, less than
25% of terrestrial and 3% of marine areas are considered
unimpacted by people (IPBES, 2019). Nevertheless, much
more biodiversity would have been lost without efforts to
date (V. M. Adams et al., 2019; Hoffmann et al., 2015),
emphasizing the need for increasing ambition, and building
on (and learning from) both successes and failures (see
section 2.3).
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According to the Marine Protection Atlas, approximately
16,495 protected areas have been designated, covering
25,033,869 km? area equivalent to 7% of the global
oceans by 2020. Of which 2.7% (1014 zones) of the

global oceans are fully and highly protected, 3.7% (13,078
zones) are less protected, and <1% (2,403 zones) are yet
to be implemented. In addition, 1.4% of additional MPAs
covering 5,022,168 km? (232 zones) have been proposed
or committed (Marine Conservation Institute, 2021). National
waters, i.e., areas within declared Exclusive Economic
Zones, account for 39% of the global ocean area, in 215
countries and territories. Among them 187 countries have
some level of marine protection in their national waters with
52 countries protecting >10% of their marine areas. On
average, 5.7% of national waters are in fully/highly protected
zones, 8.7% are in implemented but less protected zones,
1.6% are in designated but unimplemented zones, and
<1% are in proposed/committed zones. However, many
fully protected areas are not adequately enforced, and may
not be optimally located for either biodiversity protection or
managing uses (O’Leary et al. 2018, Jones and DeSanto
2016). In an additional example, some no take MPAs may
be deliberately placed in areas undesirable to fishing — and,
as a result, don’t really protect vulnerable populations
(Jantke et al., 2018).

Acknowledging and respecting different ways by which
people relate to nature (Diaz et al., 2015), and the
importance of co-management of territory and resources
for the benefit of people and biodiversity (Ancrenaz et

al., 2007; Lele et al., 2010; UNESCO, 2017, 2017) are
increasingly dominating conservation policy and practice.
This follows strong pressure for change from indigenous
peoples and local communities (IPLCs) and others, as well
as scientific evidence of its effectiveness (Adams & Hutton,
2007; Siurua, 20086). For example, UNESCO Biosphere
Reserves and World Heritage Cultural Landscapes explicitly
provide for cultural and social needs, regulated use for
sustainable development, as well as strictly no-go areas

for biodiversity conservation (Price, 2002) and vary in scale
from small sites to extensive landscapes of several thousand
square kilometres (Ishwaran et al., 2008). The effectiveness
of small community-managed marine conservation areas

is increasingly being demonstrated (Chirico et al., 2017;
Gilchrist et al., 2020), with potential for scaling in regional
networks (Newell et al., 2019; Rocliffe et al., 2014). While
this shift is challenging to implement in both developing and
developed countries, success stories indicate that it also
represents an appropriate conservation model for climate
mitigation and adaptation (Baird et al., 2018; Doyon &
Sabinot, 2014; Reed, 2016; UNESCO, 2017).

As areas of intact nature have fragmented across a
mosaic of altered land- and seascapes, the importance
of connectivity and migration corridors has increased, as
has integration of protected zones within their broader
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spatial context (Pulsford et al., 2015). Corridors are
critical in maintaining species populations, habitats and
ecological functions in a fragmented and changing world.
They may extend from local to planetary scales and relate
to different and critical life stages for species. Building

on the functionality of corridors, conservation actions are
increasingly turning towards spatial planning frameworks
both on land and sea (Ehler & Douvere, 2009; Mcintosh
et al., 2017) to minimize incompatible activities within and
between adjacent areas.

Climate change alters historical disturbance regimes at a
range of scales, with potentially catastrophic effects. Recent
examples include the 2019-20 Australian megafires (Wintle
et al., 2020), forest fires in Mediterranean climates (Batllori et
al., 2013) and heat waves causing mass mortality of corals
(Hughes et al., 2018). Managing changes in the disturbance
regimes to the extent possible is a critical conservation

tool and may be particularly effective at the smaller scales
of flooding, fires and similar events, but less effective for
regional scale phenomena such as heatwaves, cyclones
and other extreme events.

To make conservation actions more ‘climate smart’ (Stein
et al., 2014), climate change vulnerability assessments of
species, ecosystems and protected areas (e.g., Queirds
et al., 2016; Bates et al., 2019; Bruno et al., 2019), and
more societally inclusive and adaptive processes (Colloff
et al., 2017), are being increasingly applied. However,
real-world evaluations of their effectiveness are scarce,
partly because they are very recent. Climate change makes
preservation-orientated objectives near-impossible, and
even maladaptive. Instead, conservation practitioners

are faced with the challenge of facilitating biodiversity
changes that promote adaptation, and recognizing that
this is inextricably linked to human and societal adaptation
(Whitney et al., 2017).

2.2.2 Reducing non-climatic
stressors

‘Doing everything else better’ — to maximize the opportunity
for wild organisms and ecosystems to adapt to and survive
climate change, non-climate stressors such as habitat loss,
invasive species, pollution, disease and over-exploitation
must be minimized (Field et al., 2014; IPBES, 2019;
Samways et al., 2020; Wanger et al., 2020). Climate change
interacts with and often exacerbates these stressors,

for example by degrading habitats, increasing disease
susceptibility, changing movement patterns of damage-
causing species and increasing reliance on extractive
resources. Minimising the negative impacts of non-climatic
stressors has been a dominant focus of biodiversity
conservation to date, and growing evidence on the
effectiveness of interventions is leading to rapid and ongoing
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improvements in conservation practice (Sutherland et al.,
2016). Further, reducing these stressors improves the ability
of wild organisms and ecosystems to adapt to and survive
climate change (Field et al., 2014; Rasanen et al., 2016).
Given climate change’s multiplier effect on non-climatic
stressors, measures to address non-climatic stressors must
be upscaled and integrated into climate change focused
conservation policies and practice; with a view to achieving
multiple benefits.

2.2.3 Area-based conservation

Climate change involves changes in time and space of key
climate variables, thus posing an existential risk to immobile,
site-based conservation actions such as protected areas
(Elsen et al., 2020), particularly as until only recently,
protected areas were not designated with climate change
as a selection criterion or design factor (Hindell et al., 2020).
Whether the current complement of species and habitats
of a protected area remains within its boundaries, shifts
outside of it, or into another protected area, and the identity
of species or habitats that may replace them, are highly
uncertain. Further, as species respond to changes and

shift their distributions individually, or with some linkages

in the case of strong associations such as parasitism or
symbioses, it is uncertain what assemblage or habitat may
result from climate-induced migrations. Although much
work is being undertaken in this regard, a robust predictive
capacity is still some distance into the future.

Area-based conservation prioritisation has typically focused
on ‘hotspots’ of overlapping biodiversity richness and
species threat (e.g., Myers et al., 2000), yet both factors

are shifting due to climate change. A large proportion of
those species most vulnerable to climate change are not
considered threatened by non-climatic threats (Foden

et al., 2013) and, hence, are not historically considered

in ‘hotspot’ prioritisation. This has led to exploration of

the adequacy of existing protected area networks for
accommodating species range shifts with climate and,

thus, for most effectively protecting biodiversity (Hannah

et al., 2020). Where protected areas contain carbon-rich
ecosystems, they play a critical role in avoiding emissions
through deforestation and degradation, as well as in
ongoing sequestration (Funk et al. 2019, Barber et al. 2014).
However their longevity may be threatened through their
downgrading, downsizing and degazettement resulting from
conflicting priorities (Golden Kroner et al., 2019; Mascia &
Pailler, 2011).

Habitat corridors may be critical for facilitating species range
shifts under climate change, leading to their widespread
inclusion in climate adaptation strategies (Keeley et al.,
2018; Littlefield et al., 2019). However, protecting and
restoring habitat connectivity through on-the-ground action

has been slow, despite the existence of many such plans
(Keeley et al., 2018), implying that the climate change
benefits of connectivity conservation remains poorly known.

Recent work has shown that most countries are projected
to maintain less than 10% of their current terrestrial climate
representations, while in all countries protected areas

are projected to retain less than half the range of climatic
conditions currently within them (Elsen et al., 2020). Isolated
protected areas are particularly vulnerable to this effect due
to their limited size and connectivity to broader landscapes
or seascapes. Continued PA expansion merely based on
current climatic conditions and other traditional PA criteria,
and which fail to take shifting climate into account, will

be unable to retain current climatic conditions, increasing
the vulnerabilities of biodiversity within PAs. Conversely,
establishment of PAs within underrepresented portions of
climate space is likely to increase the retention of current
climate conditions under protection, and this may be
particularly beneficial to tropical species, the ranges of which
appear more strongly structured by climatic conditions
than species within temperate regions (Elsen et al., 2020).
Climate refugia often occur in areas with complex, high
elevation topography and steep elevational gradients (e.g.,
mountainous, alpine landscapes), while lower climate
change velocities have been detected inside terrestrial and
freshwater biodiversity hotspots (Brito-Morales et al., 2018;
Sandel et al., 2011).

Analysis of climate velocity trajectories can be a key strategy
towards the development and planning of climate-smart
conservation area networks (e.g., placement of mechanisms
to increase connectivity such as migration corridors,

and see Figure 2.1) (Arafeh-Dalmau et al., 2020). The
establishment of PA networks (together with restoration

of habitats) across hotspots — strategically allocated to
target underrepresented climate spaces, elevational gaps
(mountainous landscapes) and potential climate refugia
could provide an opportunity to significantly enhance
biodiversity conservation at a global level. This could in

part be achieved by strategic PA establishment (including
OECMs and PAs with lower IUCN designations (Categories
V-V1)) to even out protection disparities across elevational
and climatic gradients. However, the omni-directional nature
of climate velocity trajectories at the small island scale
together with limited area may imply that protected area
expansions (including mobile PAs), even if possible, may
prove inadequate. Alternative, context-specific, flexible,
climate-smart conservation strategies with heavy integration
of human responses across a patchwork of protected and
human-impacted landscapes and ecosystems may be
required (e.g., incorporation of climate refugia and ridge-to-
reef management (Carlson et al., 2019).

In prioritizing areas for connectivity conservation,
approaches should include focusing on connecting areas
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of low climate velocity, refugia, climate analogs, or linking
current to future suitable habitats (Keeley et al., 2018).

For example, riparian corridors should be considered in
connectivity plans because of their importance as natural
movement corridors and refugia (Keeley et al., 2018).
Successful connectivity conservation should include
community and stakeholder involvement, habitat priority-
setting, native habitat restoration, and environmental
services payments that satisfy tenets of climate-smart
conservation, thus improving the resilience of human and
ecological communities (Littlefield et al., 2019). Improving
connectivity will, however, have differential effects on species
with different traits, favouring those that are generalist, more
mobile, invasive and/or pathogenic (Donaldson et al., 2017),
and compensatory actions may be needed to redress
these. Mobile protected areas and a range of Other Effective
area-based Conservation Measures (OECMs) need to be
considered to track new and changing priorities, on land
and in the sea, and thereby ensure future relevance.

Climate change may impact on operational aspects of
conservation measures, such as on the financial resilience of
protected areas and other tourism and area-based measures.
For example, the intensity of wildfires in the South African
Garden Route in 2017-2018, exacerbated by conversion of
natural fynbos to pine plantation (Kraaij et al., 2018), had a
high impact on lives and infrastructure, and impairment of
conservation measures (Forsyth et al., 2019). Climate change
may impact multiple operational aspects of conservation,
including disaster risk reduction strategies and costs, tourist
behaviour (such as choosing to travel shorter distances to
lower carbon emissions, or to avoid extreme heat (Coldrey &
Turpie, 2020)), the loss or gain of a charismatic feature (e.g.,
a glacier, or charismatic species), or on costs of addressing
interacting non-climatic stressors (e.g., habitat degradation,
invasive species, overexploitation, human-wildlife conflict

and disease). Impacts on operational and financial aspects

of conservation measures may also arise from other major
shocks, as has been recently demonstrated by the COVID-19
pandemic (Northrop et al., 2020).

2.2.L Dynamic species-focused
conservation

Given the need for successful dispersal and establishment
of species in newer bioclimatic niches, there has been

a strong emphasis on habitat connectivity, both on land
and in water, to facilitate this process (Costanza et al.,
2020; Doerr et al., 2011; Jaeger et al., 2014; Krosby et al.,
2010; Littlefield et al., 2019; Magris et al., 2014). Assisted
migration or relocation of species is increasingly presented
as an inevitable conservation tool, given the need for more
rapid migration than in past times and increasing habitat
fragmentation (Hoegh-Guldberg et al., 2008; Lunt et al.,
2013; Wiliams & Dumroese, 2013). Varied tools such as
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using species distribution models (Héllfors et al., 2016),
creating plant seed banks (Vitt et al., 2010), careful choice
of species based on their functional importance in an
ecosystem (Lunt et al., 2013), and following reintroduction
guidelines especially of animal species (IUCN/SSC, 2013)
may all be needed. Planting trees in anticipation of their
potential dispersal to suitable future bioclimatic space

has been suggested to facilitate the shift of the original
ecosystem (Hof et al., 2017; Koralewski et al., 2015; Smith
et al., 1996), with experimental studies with tree seedlings
suggesting an altitudinal range shift of less than 500m
improves chances of success (Gémez-Ruiz et al., 2020).
For freshwater animals, it has been recommended that
relocations occur within the historical range of the species
and the same major river basin (Olden et al., 2011).

Assisted migration of species also comes with several risks
such as invasions, genetic swamping, transfer of pests
and diseases, disruption of ecosystem function, mismatch
between anticipated and realized climate, and ill-conceived
or hasty translocations outside their historical range
(Ricciardi & Simberloff, 2009; Seddon et al., 2009). A study
of invasion risks from intracontinental species in the USA
concluded that the risks of assisted migration were small
overall, but that a successful invasion could make major
impacts on the colonized community, and that fishes and
crustaceans posed the highest risks of such invasions and
impacts (Mueller & Hellmann, 2008). It has been suggested
that assisted migration should initially be limited to species
with little risk of invasion, attempted at small scales, and a
robust monitoring mechanism put in place to ensure timely
response to any adverse situation as well as to garner
public and political support (Butt et al., 2020). Legal and
policy frameworks are also needed to guide the process

of assisted colonization or migration (Camacho, 2010;
Sansilvestri et al., 2015). Multi-tool approaches to restoring
species populations, where different techniques may be
considered based on their strengths and weaknesses, and
local contexts, will increasingly be needed (Rinkevich, 2019).

2.2.5 Conserving genetic diversity

Measures that protect genetic diversity are critical for
maintaining and achieving diversity in species, ecosystems
and sustaining multiple benefits to people (Des Roches et
al., 2021), including in agricultural systems. It is important
to note here that adaptation to climate change is often one
of a range of multiple benefits associated with conserving
genetic diversity. Conservation of genetic biodiversity

(also discussed in Section 3, in the context of mitigation),
particularly in managed ecosystems, has a clear role to play,
with important benefits from maintaining genetic diversity
in both wild and domesticated species (Diaz et al., 2020;
Hoban et al., 2020). Effectively, genetic diversity enables
populations to adapt to changing environments (whether
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as a result of climate change, or other external stressors),
and rebuilding genetic heterogeneity within a species can
be an important strategy in translocation and restoration of
depleted populations (Crow et al., 2021) and in adaptation
of agriculture to new climatic conditions.

Strategies to protect genetic diversity in agriculture can
include in situ and ex situ techniques, measures to reduce
monoculture cropping, including the reintroduction of
heritage breeds, and the utilization of genetic diversity in
plant breeding to preserve heritage traits (for example,
Ebert & Wagainabete, 2018; Mastretta-Yanes et al.,

2018). In livestock and aquaculture, measures can be
taken to maintain animal genetic resources, including the
reintroduction of heritage breeds that have had typically
higher genetic diversity and better adaptation to changing
environments (Eusebi et al., 2019; Gicquel et al., 2020; Hall,
2019) and enhancing productivity and diversity of cultured
species to meet growing global food demand (Houston et
al., 2020). However, a key trade-off is often between high
yield versus resilience, and a more balanced economic
model (see Section 4) may be needed to align incentives of
production with climate and biodiversity objectives. While
advances in genomic research are very rapid, the capacity
to undertake this research and to access and use genetic
data is inequitably distributed among countries, as well as
being concentrated in corporate entities, highlighting an
urgent need to build capacity, promote inclusive innovation
and increase access to affordable technologies (Blasiak et
al., 2018, 2020; Osterblom et al., 2015).

2.2.6 Multifunctional land- and
seascapes: ‘scapes

Increasingly, biodiversity conservation actions are being
considered across the gradient of state of nature from
intact to completely altered. At one end ‘wild’, ‘intact’

or minimally impacted ecosystems (that comprise about
25% of land and 3% of the ocean) are variously termed,
‘Large Wild Areas’ (Locke et al. 2019) or intact nature or
wilderness (IPBES, 2019). At the other extreme completely
transformed spaces (about 21% of land, 1% of ocean
(Bugnot et al., 2020) are dominated by human infrastructure
and supplying human needs, described variously as “Cities
and Farms” (Locke et al., 2019) or anthropogenically altered
biomes or ‘anthromes’ (Ellis et al., 2010; IPBES, 2019). In
between, natural ecosystems persist along a gradient of
change, comprising about 55% of land and likely >95%

of ocean, and termed ‘shared lands’ (Locke et al., 2019),
‘working landscapes’ (Garibaldi et al., 2021), or ‘managed
ecosystems’ (Diaz et al., 2020). People use and benefit
from nature across all of these states, with varied and
multifunctional uses in intact and shared spaces, but only a

limited set of benefits are possible from nature in anthromes.

Examples of shared spaces that emphasize sustainability

and integration of people with nature include Cultural
Landscapes under the World Heritage Convention, Globally
Important Agricultural Heritage Systems (GIAHS) recognized
by the FAO and Satoyama Initiative societies living in
harmony with nature.

In anthromes, nature is highly transformed by people in order
to maximize particular functions and benefits. Examples

are for food production in agricultural systems (20% of
global land area) and shelter or infrastructure in urban and
semi-urban systems (1% of land area) (IPBES, 2019). The
original natural system is hardly present, and the multiple
other benefits needed by people are subsidized by natural
or artificial means from beyond the immediate area — such
as for freshwater provisioning (from mountains and forest
‘water towers’) and filtering (wetlands), for protein from
hunting and fishing in natural but often impacted biomes,

or for sequestering carbon released in the anthromes, in
e.g., natural forests and seagrass beds. Within anthromes
the value of non-material and regulating contributions from
nature provide for a good quality of life, with standards being
set for green spaces in cities (Dorst et al., 2019; Maryanti

et al., 2016). With economic development and population
growth, the spatial extent of anthromes and their extension
into adjacent increasingly degraded shared spaces has
increased, while shared spaces encroach into wild or intact
spaces. Interactions at a distance, for instance driven by
global trade, result in ‘telecoupling’ of use and impact chains
at increasingly larger scales (IPBES, 2019).

A multifunctional ‘scape approach (‘scape being shorthand
for land-, freshwater- and seascapes) incorporates spatial
planning concepts in conservation, enabling consideration
of biodiversity at different levels of integrity in wild spaces,
in shared spaces such as community and extensive use
land- and seascapes with pockets of intact nature, and in
anthromes (Figure 2.2). The historic dichotomy between
‘human’ and ‘natural’ spaces breaks down across this
gradient, providing opportunities for spatial planning across
multifunctional ‘scapes to optimize the integrity of nature,
provisioning for people, and good quality of life across

all states of nature. The multifunctional ‘scape approach
also incorporates concepts of land ‘sparing’ and ‘sharing’
in relation to reducing the footprint of food production
(Balmford et al., 2018, and see Section 5.1.2.5).

In anthromes there are limited options for large or high-
biodiversity areas, but significant options for parcels of
nature to provide a range of contributions to people. In
‘shared’ spaces, land and seascape-based approaches
which incorporate sustainable use, community-managed
and privately-owned mechanisms may be explored to
achieve broader goals (Scriven et al., 2019). Approximately
20% coverage by native habitat has been recommended to
sustain local NCP provisioning (Garibaldi et al., 2021). Wild
and intact spaces provide scope for large-scale conservation
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Large intact natural areas in remote
hills, mountains, savanna and ocean,
supporting biodiversity and NCPs that
teleconnect over large distances. Mix
of protection and other effective
conservation measures, governed by
indigenous peoples, communities,
property owners and/or government,
as appropriate.

habitat.

Corridors and mosaic of natural
habitats enable climate migration:

@ Forest ecosystems
@ Savanna ecosystems
@ Mountain slopes

@ Ocean ecosystems

Corridors connect the mosaic of natural
habitats in shared spaces with reservoirs
of nature in intact spaces.

Varied mosaic of nature and people
in shared spaces - in forest, savanna,
and ocean, and varying from
predominantly natural (adjacent to
remote areas - sides and
background) to predominantly
modified, populated and managed
ecosystems (center and foreground).
20% of area under intact/native

Heavily modified anthromes -
cities, intensive farmland, modified
coast, energy infrastructure.
Minimize global footprint, assure
local NCPs in 5% of area for good
quality of life

Figure @ @) A multifunctional ’scape across land, freshwater and marine biomes, including
large, intact wilderness spaces (blue circles), shared spaces (yellow circles) and

anthromes (red circles).

In shared spaces the mosaic of intact natural habitat provides critical contributions from nature to people. Corridors of natural
habitat (yellow arrows) are illustrated facilitating climate migration of species up elevational gradients. This multifunctional
‘scape concept can assist integrating global and large-scale targets within local geographies.

actions, managed under appropriate governance regimes,
to provide the multiple contributions and benefits needed
for global-scale stability of biodiversity and human societies
(Dinerstein et al., 2019; Sala et al., 2021).

The multifunctional ‘scapes framework (Figure 2.2) allows
conservation to link to broader spatial aspects of land and
sea dynamics. At a broader scale, multifunctional ‘scapes
are embedded in ecosystem and regional scale processes,
such as, for example, larger watersheds (Wang et al., 2016)
and oceanic current systems (Akiwumi & Melvasalo, 1998;
Sherman & Duda, 1999), which at this scale often require
transboundary approaches to conservation. Corridors
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of natural habitat that link across multiple scales allow

for climate migration (Figure 2.1). The concept is also
compatible with emerging recognition that some cultural
landscapes have higher biodiversity than fully natural ones,
due to long term interactions and stewardship actions by
people (Taylor et al., 2017; IPBES, 2019).

Using multifunctional ‘scapes as a basis for future
conservation will need investment in research to understand
how varying intensities and types of uses, and local context
dependencies, affect achieving multiple objectives, here with
a focus on a habitable climate, self-sustaining biodiversity,
and a good quality of life for all. For example, increased
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atmospheric CO, promotes transformation of southern and
eastern African mixed savannas and grasslands to woodland
(Midgley & Bond, 2015). This transition is moderated by
grazing; intact herbivore populations, appropriate livestock
grazing, and controlled wood harvesting can prevent the
transition, with benefits for native biodiversity and for human
uses including livestock rearing and meat production,

wood use and tourism. Insufficient grazing results in loss

of grasslands, whether in cattle-grazing rangeland (shared
spaces) or in protected areas (wild spaces) that lack the
right balance of herbivores. Another example is of wetland
responses to sea level rise (Spencer et al., 2016). Under
natural conditions, wetlands would retreat inland, but in
anthromes this is prevented and their varied functions
(carbon sequestration, shoreline protection, nursery habitat
for fisheries, nutrient removal etc.) are lost.

2.2.7 Nature-based Solutions (NbS)

Nature-based solutions are active strategies to rebuild or
increase measures of intact nature that enhance provision
of one or more benefits to people (see Glossary). Reflecting
the broad scope and multifunctionality of NbS, multiple
definitions have emerged for varied purposes, such as of
carbon sequestration to address climate change, disaster
risk reduction in relation to natural hazards, and provisioning
of benefits by green spaces in cities (Dorst et al., 2019),
among others. A major concern about NbS developed

for single purposes has been the growing evidence of the
potential for perverse or negative impacts (N. Seddon et al.,
2020). For example, plantation forests may be efficient for
carbon sequestration, but harm biodiversity; afforestation of
natural savannas and peatlands has been shown to result
in degradation of ecosystem and community structure

and function and the loss of distinctive species, including
endemics (Abreu et al., 2017; J. D. Wilson et al., 2014). In
order to avoid this kind of unintended consequence, in the
context of the biodiversity-climate nexus, NbS for climate
mitigation or adaptation (see Sections 3, 4 and 5) must
also be positive (or at least neutral) in terms of biodiversity
benefits. In many cases additional nature’s contributions to
people might be generated by the action, adding to the total
value of NbS for biodiversity, climate and people.

NbS may become a key strategy in multifunctional ‘scapes
given their dual roles in delivering positive outcomes for
biodiversity and peoples’ well-being. For this, it is important
that the proportion of nature in shared spaces be fractal

in nature (Garibaldi et al., 2021). That is, while the large
parcels of land or sea that meet a conservation area target
may be important for human and natural systems that
telecouple over long distances (e.g., carbon emission and
sequestration, global food supply chains), also important
are parcels of nature down to a square kilometre scale,

in meeting other needs, such as for food and medicinal

products provided by forest patches in rural areas, habitat
for pollinators in hedgerows, or for recreation and mental
health provided by green spaces in cities. While there are
ecological and biological (nutritional) benefits of this scaling,
there are also equity considerations in ensuring actions and
targets meet both nature and human needs.

2.2.8 Restoration

Restoration for species and/or natural habitats is particularly
critical where natural systems are so damaged that
spontaneous recovery is unlikely, too slow, or to achieve
certain outcomes such as mitigation or adaptation to climatic
disruption (IPCC, 2000; Munasinghe & Swart, 2005). The
term “rehabilitation” may be more appropriate in the context
of climate change, where re-establishing the pre-existing
conditions may not be possible, but an enhanced state

and functions appropriate to shifting conditions, such as in
relation to mangroves (Lopez-Portillo et al., 2017) and coral
reefs (Kleypas et al., 2021) is feasible. Restoration provides
an opportunity to incorporate adaptation measures to future
climate, such as in trait selection for higher temperatures,
accommodating species range shifts and securing benefits
to people under future conditions. As with NbS, restoration
may achieve multiple objectives (Martin, 2017), including for
people, biodiversity and climate, such as food provisioning
and economic benefits, rebuilding carbon stocks, and
reduced exposure to climate-related hazards.

In the context of climate change it is important, however,
that restoration targets are appropriate to future conditions
(Harris et al., 2006), as a result of combinations of factors
such as shifts in environmental conditions or species
ranges (see Sections 2.1.1 and 2.2.3 on climate velocity),
or exceedance of ultimate tolerance limits of species in low
latitudes, such as reef-building corals (Hughes et al., 2018).
In some cases, such as the deep ocean, restoration may
not be feasible unless under specialized circumstances (Da
Ros et al., 2019). Increasingly, restoration is being viewed
from a perspective of restoring functions and societal
benefits of natural habitat (Duarte et al., 2020), and under
climate change, for carbon sequestration.

2.3 STRENGTHENING POLICY
BY RAISING AMBITION AND
DIVERSIFYING ACTIONS

2.3.1 Reuvisiting global targets

The Strategic Plan for Biodiversity 2011-2020 and the
Aichi Biodiversity Targets specified global targets of 17%
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of land and 10% of ocean to be under strict protection.
These targets were approached but not met for land and
marine systems, at 15 and 7.5% respectively (GBO5 2020),
though they fell dramatically short in terms of representativity
(42% of terrestrial ecoregions met their target, and 46%

of marine ecoregions; only 29% of amphibians, birds and
land mammals have their overall distribution adequately
represented by protected areas), effective management
(<10% of terrestrial PAs have been assessed for
effectiveness, and <8% are adequately resourced), and
equity of management and governance (Oldekop et al.,
2016; Zafra-Calvo et al., 2019).

For 2030, a new area-based protection target (Target 2)

as high as 30% of nature has been suggested, along with
stricter requirements for representativity, effectiveness and
equity (CBD, 2020). Estimates of the proportion of intact
habitat needed to avert biodiversity losses range from 30-
50% of global land areas (Wilson, 2016; Dinerstein et al.,
2019, 2017; Watson et al., 2020). Identifying which locations
will achieve new goals with optimal biodiversity and benefits
outcomes will require multifactorial analysis considering
biodiversity components (Girardello et al., 2019), multiple
risks (e.g., extinction threat) and benefits (e.g., carbon
sequestration) for both land (Dinerstein et al., 2019) and
ocean (Sala et al., 2021).

2.3.2 From global targets to local
realities

Global targets for the proportion of nature that needs to
be protected may not scale down to local levels, may

not apply uniformly across all biomes, and some biomes
may already be significantly impacted beyond these levels
(e.g., temperate and tropical grasslands; (IPBES, 2019)),
requiring restoration to meet the targets. The global target
may also be too small to maintain functions of local or
national importance. Equity between people and between
countries, based on the current levels of intactness of their
biota, historic patterns of damage and present and future
development needs for their populations are also important,
and recognized in the notion of ‘common but differentiated
responsibilities’ under convention frameworks (Jones et
al., 2019).

For some countries, even the current targets of 17% land
and 10% ocean protection may not be possible to attain, or
may be inappropriate due to socioeconomic, development
and regional contextual limitations. For example, on many
oceanic islands, there is often less potential for significant
expansion of terrestrial protected areas, due to intense
needs for agriculture, settlement and development as
human populations rise. In the Amazon Basin, despite low
human population densities, some functions may require
more than 30% protection to avoid a regime shift from
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forest to savanna. Estimates ranging from 60% (Lapola et
al., 2014) to 80% have been reported, taking into account
interactive effects between deforestation, climate change
mitigation and adaptation, and widespread use of fire
(Lovejoy & Nobre, 2018).

Meeting these higher protection targets will require
consideration of intact and restored habitat fragments

in shared spaces, consolidating and building the current
protected area estate (e.g., Golden Kroner et al., 2019),
and including the temporal dynamics of recovery to
appropriate functional levels. It will also require consideration
of disparities among countries’ conservation capacities for
actions and distribution of future allocations (Woodley et
al., 2019), and consideration of equity in meeting peoples’
needs e.g., of food (Mehrabi et al., 2018; Schleicher et al.,
2019). Suitable indicators for such targets across multiple
facets of nature and contributions to people will be needed
to assess progress (Diaz et al., 2020) complementary to
those already developed for e.g., the Paris Agreement,
and in relation to other planetary systems (Rockstrom et
al., 2021).

The need to embrace species and assemblage range shifts
offers policy and legislative challenges (van Kerkhoff et al.,
2019; McDonald et al., 2019), including transboundary
collaboration where shifts cross national and administrative
boundaries. Current definitions of ‘alien’ (outside a historic
baseline range) and ‘invasive’ (proliferating outside this
range) species were set prior to concerns of climate change.
As a result, species successfully undergoing adaptive

range shifts may be considered alien and their migration
prevented, and conservation actions such as assisted
migration may be prohibited. Review of relevant conventions
and legislation is essential to promote and assist biodiversity
responses under climate change. Further, as range shifting
species may have positive and/or negative implications

for livelihoods and biodiversity, well-informed bilateral and/
or multilateral discussions will be needed to coordinate
management and conservation action.

2.3.3 Setting biodiversity and climate
targets jointly

Climate change makes some current conservation goals
impossible to achieve. Spatial conservation planning

will have to adapt goal-setting approaches to ones that
accommodate change, that reach and integrate across
scales and among biomes and systems, that consider
linked biological and social outcomes, and that are fully
integrated in the economic and social sectors that drive
the pressures on climate and biodiversity. In the coming
decades, biodiversity and climate targets will be mutually
dependent on one another to be achievable. They must
also be dynamic and adaptable to accommodate synergies
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and uncertainties (Arneth et al., 2020). The persistence of
biodiversity under changing climates is essential for the
success of NbS for climate mitigation and adaptation, so
inclusion of strategies to promote biodiversity adaptation
to assure longevity of solutions is essential in NbS codes of
practice (Section 3).

Targets to adequately support joint objectives need to be
appropriately worded and mutually supportive. In addition to
increasing the contributions of NbS they could also reflect

a growing number of approaches for reducing climate
change threats to biodiversity. The field of ‘climate smart’
conservation (Stein et al., 2014) guides and promotes
biodiversity-focused climate change adaptation practices,
including practices that maximize nature contributions

to people provisioning under climate change. The
multifunctional ‘scapes approach (Section 2.2.6, Figure 2.2)
integrates native, restored, and modified (perhaps novel)
habitats within shared spaces and anthromes to support
biodiversity and multiple benefits to people. A working
target of 20% of such habitats in shared spaces has been
proposed (Garibaldi et al., 2021).

2.3.L Conservation inside and
outside of protected areas

There are strong calls for raising effectiveness of protection
to the standard required (Dinerstein et al., 2019; Jones

et al., 2020; Watson et al., 2020; Woodley et al., 2019).
Given the challenges of multiple threats to biodiversity,

and growing needs of local to global society, trade-offs in
achieving both are many (Schleicher et al., 2019; Mehrabi et

al., 2018). Conservation actions other than protected areas
are also essential, currently addressed under the term Other
Effective area-based Conservation Measures or OECMs
(IUCN WCPA Task Force on OECMs, 2019), as well as
assessment processes that inform planning and approval

of any activities and addressing a full scope of pressures
and enabling factors for success. To halt and reverse the
impacts of climate change on biodiversity, practices that
qualify as ‘climate-smart’ or sustainable in all economic
sectors will be essential.

The multifunctional ‘scapes approach may contribute
significantly to minimizing and reversing climate and

other impacts on nature, through its focus on people and
contributions from nature, and planning for conservation
action across all states of nature (Locke et al., 2019). Large
intact, wilderness and critical habitats, such as the Amazon
rainforest and the open ocean, play an essential role for
global biodiversity, climate and other functions. Ecosystem-
based approaches, nature-based solutions and ecological
restoration, guided by clear objectives for biodiversity
conservation, climate adaptation and/or mitigation

and meeting peoples’ needs will be essential in shared
spaces. Importantly, success at all scales will incentivize
the stewardship, investment, and engagement of people
with nature.
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The effects of climate mitigation
actions on biodiversity

resently more than 50% of annual

anthropogenic CO, emissions get (physically

and biologically) absorbed in land and oceans

(Friedlingstein et al., 2020). Maintaining

or enhancing these sinks and ensuring

long-term carbon storage in biomass, soils
or sediments is an important aspect of climate change
mitigation, and in avoiding exacerbating climate change
(Ciais et al., 2013). Many different climate change mitigation
measures exist (considering not only CO, emission and
uptake, but also CH, and N,O emissions) that target the use
of terrestrial, freshwater and marine ecosystem processes
or space. They differ considerably in terms of their mitigation
potential (see Table 3.1 for selected examples), and the
degree to which they have positive or negative impacts on
human societies’ adaptive capacity or on biodiversity, as well
as in their scalability and cost-effectiveness. The mitigation
approaches are anticipated to vary regionally both in terms
of meeting mitigation targets and the consequences they
have for biodiversity and human societies. In particular,
negative emission technologies that claim a cumulative
potential CO, uptake over the next century of hundreds of
Gt have been criticised as being ecologically unrealistic,
likely to impact negatively on local people’s well-being, and
leading to a false sense of security, which encourages the
adoption of risky (delayed) emissions-reduction pathways
(Dooley & Kartha, 2018; Girardin et al., 2021; Arneth et al.,
2019; Smith et al., 2020). Some of these mitigation options
are also vulnerable to climate change itself (e.g., net carbon
fluxes into marine and land ecosystems can be reversed in
a hotter, drier climate) and thus contribute to positive climate
feedbacks (Ciais et al., 2013). Here we consider a range of
specific mitigation approaches, selecting some important
example measures in order to highlight potential challenges
for biodiversity and adaptation. The most robust path to
progress in limiting climate change while safeguarding
biodiversity depends not just on the identification of the
strongest win-win solutions to pursue by region, but also
to eliminate demonstrably inadequate — or worse, lose-
lose — ‘solutions’. This should preferably take place before
counterproductive societal or environmental outcomes
become ‘locked-in’. Nature based solutions have been
underutilised, could help in long term global cooling, but they
must be designed for longevity and avoid too much focus
on rapid sequestration as a lone measure of value (Girardin
et al., 2021). While ecosystems can contribute sustainably
to mitigation over time, the bulk of mitigation efforts needs
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to come from rapid, ambitious emissions reductions in fossil
fuel emissions to meet the Paris Agreement target of keeping
climate change well below 2°C (Girardin et al., 2021; Hoegh-
Guldberg et al., 2019).

3.1 CLIMATE CHANGE
MITIGATION ACTIONS
HARMFUL TO BIODIVERSITY
OUTCOMES

3.1.1 Challenges arising from
competition for land

3.1.1.1 Planting trees over large areas

Reforestation and afforestation are considered relatively
cost-effective climate change mitigation options (Fuss et al.,
2018). Besides the carbon removal from the atmosphere
and its storage in biomass during tree growth, which is a
once-off benefit, there is potential (estimated as 10-700

Tg (million tonnes) of carbon, cf 0.04-2.6 GtCO,e) for
substituting emissions-intensive materials such as concrete
and steel using timber-based materials. This carbon then
becomes stored in buildings (Churkina et al., 2020), and the
forests can be regrown and repeatedly harvested.

Recent claims of a potential to reforest massive areas (up to
9 Mkm?; (Bastin et al., 2019)) have been criticized for having
serious methodological flaws and ignoring fundamental
ecological and societal processes (Friedlingstein et al.,
2019; Grainger et al., 2019; Lewis et al., 2019; Skidmore

et al., 2019; Veldman et al., 2019). Existing international
activities such as the “Bonn Challenge”, which aims to
restore 3.5 Mkm? of forested landscapes by 2030, could,

if successful in the long-term, deliver substantial mitigation
benefits, and may do so with co-benefits to biodiversity in
some situations — such as helping to rehabilitate degraded
lands, or restore forests that have been cleared (Lewis et al.,
2019). But if implemented poorly, they may also promote

the usage of the planted forests as sources of bioenergy, be
detrimental to existing ecosystems’ carbon storage, water
balance, biodiversity, and even reduce food security (Abreu et
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al., 2017; Fuss et al., 2018; Holl & Brancalion, 2020; Veldman
et al., 2015). Large expansion of land committed to forest or
to bioenergy crops (3.1.1.2) competes for land used for food
production, either within a region or in the form of indirect
land-use change even large distances away, such that the
land uses they replace are simply moved to other areas
(Fuss et al., 2018; Holl & Brancalion, 2020). Replacement

of sparse seasonal vegetation by evergreen, high leaf area,
rapidly transpiring forests or tree crops reduces freshwater
availability in rivers (Cao et al., 2016; Zheng et al., 2016).
Large-scale afforestation or other mitigation-oriented land
uses may dispossess local people of access to land (Dooley
& Kartha, 2018; Holl & Brancalion, 2020). Monocultural
plantations have little or no positive impact on biodiversity,
and can be detrimental if the planted species becomes
invasive and outcompetes the native species (Brundu &
Richardson, 2016). Relying on tree biomass for long-term
carbon sequestration is risky, particularly in monocultures with
high vulnerability to storms, fire or pest outbreak (Anderegg et
al., 2020).

Mitigating climate change by devoting vast land areas globally
to reforestation and afforestation, an assumption still integral
to many climate change mitigation scenarios used in IPCC
assessments (Rogelj et al., 2018), should be considered
unsustainable (Arneth et al., 2019; Smith et al., 2020;

Fuss et al., 2018). By contrast, more modest reforestation
projects that are adapted to the local socioecological
context and consider local as well as distant trade-offs, can
be an important component of climate change mitigation,
biodiversity protection and contributions to a good quality of
life (see subsection 3.3, and Sections 4.4.1 and 5.1.1).

3.1.1.2 Large areas of bioenergy crops

Besides large-scale forest area expansion, most global
climate change mitigation pathways in the IPCC SR1.5 report
(IPCC, 2018) rely heavily on the deployment of biomass for
bioenergy, often used in conjunction with carbon capture

and storage (BECCS) (range ca: 40 to >300 EJ a—1, primary
energy, in 2050; (Rogelj et al., 2018)); rates at the upper end
of these scenarios are equivalent to >50% of today'’s total
global primary energy production of approximately 580 EJ
a™). In some scenarios that allow for continued high fossil-fuel
emissions over the coming decades, while still aiming to limit
warming to 1.5°C or 2°C, BECCS is expected to support the
decarbonization of the energy system with annual removal
rates >10 GtCO, a™ in 2050 (IPCC, 2018; Rogelj et al., 2018;
Popp et al., 2016). In these scenarios, the required land area
to grow bioenergy crops may be up to, or exceed, 500 Mha'
(today’s cropland area is ca. 1600 Mha; the land area of India
approximately 330 Mha), with significant consequences for
biodiversity and ecosystem services (Arneth et al., 2019;
Smith et al., 2020; Popp et al., 2016; Rogelj et al., 2018).

1. Mhais million hectares.

BECCS CO, uptake rates of 10-15 Gt CO, a™ would be
equivalent to approximately doubling the total carbon sink
on land estimated for the last decade (Friedlingstein et al.,
2020), which raises severe doubt about their environmental
and societal realism, given today’s already extensive use of
the total ice-free land area. Even more moderate scenarios,
which project potential of BECCS around 5 GtCO, a would
still aim to enhance today’s total land carbon sink by 50%.
In addition to jeopardizing SDG 15 (life on land), attempting
to use millions of hectare of land for bicenergy (Rogelj et al.,
2018) rather than food production would seriously undermine
the fight against hunger (SDG 2) (Dooley & Kartha, 2018), if
these modelled scenarios were to be realized.

But when planted at smaller scales, woody or perennial
grass bioenergy crops in principle can support restoration
of severely degraded areas, and biodiversity can benefit
from perennial bioenergy crops in agricultural landscapes
previously dominated by monocultural crops (Rowe

et al., 2013; Landis et al., 2018). That way, bioenergy
crops enhance the portfolio of ecosystem services, and
increase landscape heterogeneity and hence habitat
diversity (3.2.3.1). By contrast large areas of monoculture
bioenergy crops that displace other land covers or uses
(especially natural or near-natural ecosystems) will have
negative biodiversity implications either in the same
region or elsewhere (Hof et al., 2018; Humpendder et

al., 2018; Newbold et al., 2016). In addition, nitrogen
fertilizer and pesticide use on the bioenergy crop, could
affect biodiversity negatively in adjacent land, freshwater
and marine ecosystems (Maxwell et al., 2016). Large-
scale bioenergy crop production can affect freshwater
ecosystems through changes in the magnitude of runoff
or its water quality (Cibin et al., 2016), and by increasing
agricultural water withdrawals for irrigation of dedicated
bioenergy crops (Bonsch et al., 2016; Hejazi et al., 2014).
Nitrogen fertilization can lead to freshwater and coastal
eutrophication, harmful algal blooms and dead zones
which are exacerbated by ocean warming. Harvesting high
proportions of agricultural and forest residues for bioenergy
can have negative implications on soil fertility, erosion risk,
and soil carbon (Liska et al., 2014).

A global 2™ generation bioenergy potential of 88 EJ a™ has
been estimated in a study that applied EU renewable energy
sustainability criteria everywhere, with the authors cautioning
that this may reduce to 50 EJ a™' when uncertainties related
to future crop yields have been considered (Schueler et al.,
2016). A potential of around 60 EJ a™ (for illustration, around
10% of today’s primary energy production) have also been
suggested as a conservative estimate, based on studies
that restrict bioenergy crops to ‘marginal’ land and exclude
expansion into currently protected areas (Fuss et al., 2018).
Applying a conversion factor of 0.02-0.05 Gt CO,/EJ (Rogel
et al., 2018) 50 EJ a'implies a mitigation potential of 1-2.5
Gt CO, a™.
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3.1.1.3 Fuel switching

Fuel switching has been a much-promoted component

of decarbonizing strategies and is well underway in the
transport sector, where for example fossil-fuel derived liquid
fuels have been replaced by bioethanol, electricity and
hydrogen. The same concerns related to the competition for
land arise as in other land-area based mitigation strategies
(Bordonal et al., 2018). One critical aspect is also whether
the substantial N,O emissions associated with current
biofuel production practices would substantially reduce

the climate change mitigation potential (Yang et al., 2021).
Amongst the most publicized impacts of fuel switching
measures has been increased intrusion into protected areas
and remaining wilderness, as a result of growing biofuel
crops or mining for raw materials to build renewable energy
infrastructure (Sonter et al., 2020; Levin et al., 2020; see
also 3.1.3). For instance, an attempt to reduce coal reliance
in the steel industry in Brazil saw considerable expansion of
plantation forests for charcoal production, aimed as being
carbon neutral within CDM (Clean Development Mechanism)
projects (Sonter et al., 2015). However, the authors found
that although coal demand declined from 2000 to 2007,
annual CO, emissions from steel production doubled to
>0.18 GtCO, over a seven-year period, caused by increased
native deforestation outside CDM-sourced charcoal. The
environmental footprint can be influenced e.g., as a result of
fuel switching from a centralised to distributed form, altering
infrastructural requirements and spreading impact. This
could be seen as a benefit in some places.

3.1.2 Regional climate trade-offs and
synergies arising from biophysical
processes

In addition to their climate effects through altering the
atmospheric concentrations of CO, and other greenhouse
gases, land-based mitigation measures can affect climate
through biophysical mechanisms. While being most
pronounced locally, these biophysical processes can

even have climate impacts thousands of kilometres away,
although these ‘teleconnections’ are still poorly understood
(Jia et al., 2019). Many of these effects are not included

in UNFCCC mitigation project guidelines, compromising
the full quantification of mitigation effectiveness (Duveiller

et al., 2020). ‘Biophysical’ processes are mostly related to
changes in the surface energy balance through alteration
of reflectance (albedo) and evapotranspiration (Perugini et
al., 2017). Although the net climate impact from biophysical
processes arising from land cover changes (including for
climate change mitigation) is considered globally to be small,
these processes can result in local or regional cooling or
warming, as well as impacting precipitation (Jia et al., 2019;
Perugini et al., 2017). For instance, forest restoration in
tropical regions causes local cooling as a climate co-benefit,
due to the forests’ large evapotranspiration rates (Alkama
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& Cescatti, 2016; Perugini et al., 2017). By contrast,
reforestation in the boreal region can result in increased
surface warming, especially in winter and spring when dark,
evergreen conifer foliage absorbs solar radiation that would
otherwise have been reflected by a snowy background.

The additional cooling due to the formation of secondary
organic aerosols in boreal forests, which may offset part of
this warming so far is difficult to quantify (Alkama & Cescatti,
2016; Carslaw et al., 2013; Perugini et al., 2017).

Bioenergy plantations with large biogenic volatile organic
carbon (BVOC) emissions (in particular the compound
isoprene) may — depending on the overall atmospheric
chemical environment — lead to increased tropospheric
ozone formation and thus ozone-related radiative forcing,
and furthermore being detrimental to human and crop
health (Ashworth et al., 2013; Rosenkranz et al., 2015).
BVOC emissions contribute to the formation of secondary
organic aerosols (with direct radiative properties, and effects
on cloud formation) (Carslaw et al., 2013; Jia et al., 2019).
In marine ecosystems, climate change feedbacks due to
altered emissions of dimethyl sulphate are often discussed
(Wang et al., 2018; Woodhouse et al., 2018), but there is
not yet any evidence that proposed ocean-based mitigation
measures will contribute to aerosol or other biophysical-
related regional climate impacts.

3.1.3 Impacts on biodiversity arising
from technological mitigation
measures

Multiple technological-focussed mitigation measures are
in place or under development on land and in the oceans.
Many of these are less (land) area demanding and/

or are considered to have high mitigation potential. For
instance, solar radiation and wind are discussed as being
amongst the most promising renewable energy sources.
At present ca, 402 GW of solar energy and ca. 650 GW
of wind energy are realized (https://gwec.net/global-wind-
report-2019/) (Dhar et al., 2020), magnitudes lower than
their theoretical upper limit. Likewise, hydropower supplies
ca. 16% of the world’s total electricity (Wanger, 2011)
(Gernaat et al., 2017) (with an estimated potential of ca.
13 PWh a'and a remaining potential of close to 10 PWh
a'(Gernaat et al., 2017). These numbers highlight the
large scope for climate change mitigation by promoting
these renewables further. Nevertheless, all these mitigation
measures could potentially harm the environment, including
biodiversity and good quality of life, through the required
inputs in terms of materials and resources or through toxic
waste products (Dhar et al., 2020). An important aspect
therefore is to develop the necessary additional mining
activity with strong environmental and social sustainability
criteria in mind, and to emphasise the importance of a
circular economy.
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3.1.3.1 Mining in the ocean and on land

Reducing greenhouse gas (GHGs) emissions through the
development of renewable energies in the transport and
energy sector are important options for mitigating climate
change (IPCC, 2019; Shahsavari & Akbari, 2018) with the
co-benefit of reducing pollutants that have deleterious
effects on human health and the environment (Akhmat et
al., 2014). However, their implementation requires specific
minerals, and mining for those minerals has potential for
large detrimental environmental and societal impacts.

The total lifecycle material resources required for lithium
batteries, for instance, can exceed the weight of the battery
itself by nearly 200 times (Kosai et al., 2020). Demand

for lithium may surpass supply already by the mid-2020s
(Anwani et al., 2020; Wanger, 2011). Most environmental
considerations of electric batteries to date has been of
performance during operation but production can be carbon
costly, for example a 1kWh Li-ion battery may cost more
than 400 kWh (75kg CO,, the equivalent of 35L of petrol)
to manufacture (Larcher & Tarascon, 2015). Enhanced
evaporative lithium extraction is associated with water
pollution and occurs in areas that provide unique biodiversity
habitat (Wanger, 2011; Sonter et al., 2020).

With increasing demand for rare and critical metals, deep-
ocean mining of sulphide deposits, ocean-floor polymetallic
nodules or cobalt crusts have raised concerns regarding
impacts on biodiversity and ecosystem functioning, in

an ecosystem that is as yet largely under-researched
(Jones et al., 2018; Orcutt et al., 2020). For example,
Simon-Lledo et al. (2019) found far reaching biodiversity
and ecosystem functioning consequences of simulating
deep sea mining (Simon-Lledd et al., 2019). Polymetallic
nodules are the resource likely to be targeted earliest,
followed by sulphides and cobalt crusts. The large
environmental and social impacts of land and seafloor
mining underpin the need for developing alternative
batteries, long-lived products, an efficient recycling
system for resources, together with mining approaches
with strong considerations for environmental as well as
social sustainability (Blay et al., 2020; Borah et al., 2020;
Larcher & Tarascon, 2015). Several promising options
exist, but with large uncertainties regarding their technical
realization (Blay et al., 2020; Borah et al., 2020; Larcher &
Tarascon, 2015). Policy measures that foster recycling and/
or production quota will support the development of such
options (Henckens & Worrell, 2020).

3.1.3.2 Biodiversity impacts of wind power

Reducing GHGs emissions through wind energy
development can have several positive impacts, aside from
climate change mitigation, such as reducing air pollution,
combating desertification, and land degradation (IPCC,
2019). However, wind turbines can interfere with e.g.,
migratory or soaring birds as well as bats, with mortality

rates that can be in some locations of similar magnitude
to those caused by other human infrastructures (industry,
cars) (Agha et al., 2020; Dai et al., 2015; Kaldellis et al.,
2016). Whether or not mortality biased towards predator
species might have knock-on effects on communities
remains an open question (Agha et al., 2020). Mortality

is much lower now than in the last century and can be
mitigated by turbine design, placement and operation

(Dai et al., 2015). Offshore turbines have been found to
affect also benthic flora and fauna, such as changing fish
distribution or creating artificial reefs, with both beneficial
and mildly negative impacts on biodiversity (Soukissian et
al., 2017). Acoustic impacts of wind turbines on marine
mammals seem minor during operation but can be
important during construction (Madsen et al., 2006). Some
impacts of offshore wind have been little investigated,
such as the effects of the electric fields around cables
connecting them to land. These may be minor, but to date
are little known. However, placement of considerable hard
substrate ‘islands’ on sediment plains of continental shelf
could influence recruitment of jellyfish — although hard
substrata surrounded by muds tend to promote hotspots
of both ecosystem carbon storage and biodiversity
(Barnes & Sands, 2017; Popescu et al., 2020). Popescu
et al. (Popescu et al., 2020) approached energy source
comparisons by specifically considering trade-offs between
GHG emissions, energy costs and biodiversity priorities (at
both regional and larger scales). They found the clearest
benefits were from wind turbines regarding emissions,
electricity generated and biodiversity costs, at least in
British Columbia, Canada.

3.1.3.3 Biodiversity impacts of solar power

Large-scale solar plants require land area, which involves
clearing or conversion of otherwise managed land. Impacts
can thus range from directly destroying natural habitat,
affecting movement of wildlife species, increasing pressure
of agricultural intensification (if solar is competing for crop
area, while food production has to be maintained) or indirect
land-use change (i.e., displacement effects) (Dhar et al.,
2020; Hernandez et al., 2014). Nonetheless, area and
resources required over the life cycle of fossil-fuel power
plants are estimated to be notably larger than solar plants
(Dhar et al., 2020). Moreover, integrated solar-cropping

(or grazing) systems can create double-use of land, and
positive spillover effects into neighbouring fields have been
observed if underneath solar panels habitat for pollinators is
created (Dhar et al., 2020) (3.2.4.3). Solar power generation
is deemed also much more efficient on an area basis than
for example growth of bioenergy crops and could thus
contribute to reducing land competition in the climate
change-mitigation — food production — conservation debate
(Searchinger et al., 2017).
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3.1.3.4 Biodiversity impacts of hydropower

Of rivers longer than 1000 km, only 37% remain free-flowing
over their entire length, often in very remote regions (Grill

et al., 2019). The building of dams for freshwater storage
and hydropower creation alters habitats for all freshwater
organisms and blocks fish migration, leading to range
contraction and population decline (though this does not
apply to run-of-the-river schemes). In recent years, many
newer dam projects focussed at building multiple small ones
rather than one big, aiming to reduce environmental impact
(Lange et al., 2018). These efforts have also decentralised
power supply (Lange et al., 2018; Tomczyk & Wiatkowski,
2020). Such smaller dams can still cause continued habitat
fragmentation and degradation, and may also result in larger
transport infrastructural requirements (Popescu et al., 2020).
These impacts can be reduced by appropriate infrastructure
(such as low-speed turbines), planning that includes basin-
scale perspectives and ecological assessment methods,
and integrated schemes that capture needs of riverine
societies (Jager et al., 2015; Lange et al., 2018; Tomczyk &
Wiatkowski, 2020).

3.1.3.5 Biodiversity impacts of enhanced
ocean carbon uptake

Enhanced ocean uptake of CO, can occur through three
main pathways, a) creating and restoring “blue carbon”
biological sinks such as mangrove swamps and other
coastal ecosystems such as seagrass beds (technical
potential: <1 GtCO,e a-1; see (Froehlich et al., 2019;
Hoegh-Guldberg et al., 2019), b) ocean fertilization, e.g.,
with iron, to increase surface primary production which
increases the delivery of fixed CO, into the deep sea
(technical potential: 1-3 GtCO,e a-1; (Minx et al., 2018;
Ryaboshapko & Revokatova, 2015)), and c) increasing

the alkalinity of seawater through seeding the ocean with
natural or artificial alkaline materials to sequester CO, as
bicarbonate and carbonate ions (HCO,-, CO,*) in the ocean
(technical potential: 0.1-10 GtCO,e a™; (Fuss et al., 2018)).
Additional approaches include the electrochemical splitting
of water into hydrogen (H+) and hydroxide (OH-) ions, which
can be used through various processes to capture CO, or to
increase alkalinity of seawater. While options under (a) have
sound footing in biological processes, actions under (b) and
(c) are theoretical and the fate of the extra captured carbon
is unknown, including potentially harmful disruption in the
marine food web (Hoegh-Guldberg et al., 2019). Another is
growing macroalgae at very large scales and subsequently
dumping it in the deep ocean or converting it to long-lived
products such as biochar and thus sequestering CO, over
large time scales (100s — 1000s years).

Many of these approaches are conceptually feasible

or have been demonstrated in the laboratory, but their
consequences for the ocean, including on its biodiversity
are uncertain especially if applied at scale. For example,
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planting mangroves at too high a tree density can reduce
rather than enhancing biodiversity (Huang et al., 2010). Some
approaches such as growing macroalgae may start with
restoration of natural kelp forests as a blue carbon sink, which
may be worth 173 TgC yr in terms of export to deep waters
and sequestration (Krause-Jensen & Duarte, 2016). However,
it is important to look beyond traditional blue carbon habitats
to embrace wider blue carbon potential, such as bivalve reef
restoration (zu Ermgassen et al., 2019). Overall creating,
restoring and protecting blue carbon sinks should have
positive impacts on biodiversity (Bax et al., 2021; Sanderman
et al., 2018). However, there are significant risks to the

extent of blue carbon gains and biodiversity associated with
widespread ocean fertilization (Glibert et al., 2008).

3.1.3.6 Biodiversity impacts of ocean-based
renewable energy

Concerns about biodiversity impacts on marine renewable
energy installations have included habitat loss, noise and
electromagnetic fields as well as collision risk for megafauna
(Inger et al., 2009). However, the authors highlight that

from what we know to date, benefits (such as artificial reef
creation, fish aggregation and essentially acting as marine
protected areas) far outweigh negative impacts. They further
suggest that wave and tidal energy have been under-utilised
and have significant potential to replace fossil fuels, adding
to decarbonisation targets.

3.1.3.7 Biodiversity impacts of accelerated
mineral weathering

Accelerated mineral weathering involves a) the mining of
rocks containing minerals that naturally react with CO, from
the atmosphere over geological timescales, b) the crushing
of these rocks to increase the surface area, and c) the
spreading of these crushed rocks on soils (or in the ocean)
so that they absorb atmospheric CO, (Beerling et al., 2018).
Construction waste, and waste materials can also be used
as a source material (Lenton, 2014; Strefler et al., 2018).
The biodiversity impacts are largely unquantified but raising
the pH when spread on some acidic soils could enhance
floral diversity (Beerling et al., 2018), whereas an increase in
mining operations would likely have an adverse local impact
at these sites (Younger et al., 2004).

3.1.3.8 Biodiversity impacts of producing
biochar

Biochar is produced by pyrolysis of biomass with the resulting
product applied to soils (technical potential: 0.03-6 GtCO,e
a'; (Smith et al., 2020). Impacts of addition to soil are unlikely
to have biodiversity consequences, but the production of
feedstock for pyrolysis required to provide CO, removal on
several GtCO—,e a' scale was assessed by (McElwee et al.,
2020) to have potential negative impacts on biodiversity.
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Table @ €) Effects on biodiversity of selected (example) global climate mitigation and adaptation
practices based on land and ocean management.

Ordered by maximum mitigation potentials. Practices often overlap, so are not additive (modified from Smith et al., 2020; Roe
et al., 2019; Hoegh-Guldberg et al., 2019; Barnes et al., 2018). See these sources for further references, uncertainties and
confidence levels. Estimates for measures in coastal and marine ecosystems are given for 2050 (Hoegh-Guldberg et al., 2019)
— estimates for 2030 can also be found in (Hoegh-Guldberg et al., 2019); estimates for land ecosystems are for ca. 2030-2050
(Smith et al., 2020).Biodiversity impact: based on (McElwee et al., 2020; Girardin et al., 2021), together with judgement by
authors, and Section 5. Under ‘Synopsis’, Adaptation is added with a question mark in cases for which no global estimates
exist, but authors judge that an action would indeed contribute to societies’ adaptation to climate change.

See footnotes for additional explanations.

Summary/synopsis of Mitigation Adaptation potential Biodiversity
overall expected impact | potential (estimated number of people |impact (positive

more resilient to climate unless otherwise
change from intervention) stated)

O Land

Increased food >13 GtCO,e a” >163 million people High' or Low?

productivity

Bioenergy and BECCS 0.4-11.3 GtCO,e a” Potentially large negative Negative/low
consequences from competition for  positive®
arable land and water.

Reforestation and PN 1.5-10.1 GtCO,ea’ > 25 million people High

forest restoration @

Afforestation See —Reforestation Unclear Negative/low

positive®

Increased soil organic = 0.4-8.6 GtCO,e a™ Up to 3200 million people Medium

carbon content @

Fire management =g 0.48-8.1 GtCO,e a” > 5.8 million people affected by Low

@ wildfire; max. 0.5 million deaths per

year by smoke

Biochar addition to soil — 0.03-6.6 GtCO,e a”' Up to 3200 million people; but Low*
@ potential negative (unquantified)
k ) impacts if arable land used for
feedstock production
Reduced deforestation PN 0.4-5.8 Gt CO,e a 1-25 million people High
and degradation @
Agroforestry @ @ @ 0.1-5.7 Gt COe a™ 2300 million people High
Enhanced weathering 0.5-4 GtCO,ea’ No global estimates Insufficient data to
of minerals make judgement
Restoration and g 0.3-3.1 GtCOe a up to 93-310 million people High
reduced conversion of @
coastal wetlands
Improved livestock P 0.2-2.4 GtCO,e a 1-25 million people Medium
management @
Improved cropland =g 1.4-2.3 GtCO,e a >25 million people Medium
management @
Improved and P 0.4-2.1GtCOe a’ > 25 million people High
sustainable forest @
management
Restoration and o 0.6-2 GtCO,e a™ No global estimates High
reduced conversion of Q)
peatlands
Improved grazing land P 1.4-1.8 GtCO,e a 1-25 million people Medium
management @
Integrated water =~ 0.1-0.72 Gt COea’ 250 million people Medium
management @
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Table @ )

Summary/synopsis of
overall expected impact

Mitigation
potential

Adaptation potential
(estimated number of people
more resilient to climate
change from intervention)

Biodiversity
impact (positive
unless otherwise
stated)

Reduced grassland = 0.03-0.7 Gt CO,e a'  No global estimates

conversion to cropland \:?)

Reduced soil erosion P Source of 1.36-3.67 Up to 3200 million people Low

@ to sink of 0.44-3.67

GtCOea’

Biodiversity PN 0.9 GtCO,e-e a Likely many millions High

conservation @

Agricultural =g >0 >25 million people High

diversification @

Management of =g No global estimates No global estimates High

invasive species / @

encroachment

On-shore wind Depends on No global estimates Low
substitution effect

Solar panels on land Depends on No global estimates Low
substitution effect ®

@ Demand changes (related to land)

Dietary change 0.7 to 8 GtCO,e a' No global estimates High”
(land)

Reduced post-harvest =g 4.5 GtCO,ea’ 320-400 million people Medium/High

losses @

Reduced food waste PN 0.8t04.5 GtCO,ea’  No global estimates Medium/High

(consumer or retailer) @

Management of supply =g No global estimates >100 million Medium®

chains @

Enhanced urban food No global estimates No global estimates Medium

systems

G Ocean

Ocean-based 0.76-5.4 GtCO,ea" No global estimates Low
renewable energy

Carbon storage in 0.5-2.0 GtCO,ea’ No global estimates Low

seabed

Fisheries, aquaculture Py 0.48-1.24 GtCO,ea”  No global estimates Medium/high
and dietary shifts \?)

Costal and marine P 0.5-1.38 GtCO,ea" No global estimates Medium/High
ecosystems K?)

‘ Y Possible
@ Mitigation potential @ Adaptation potential \"?)

. If achieved through sustainable intensification;
. If achieved through increased agricultural inputs;

adaptation potential

Negative impacts
on biodiversity

Positive impacts
on biodiversity

. If small spatial scale and (for bioenergy) second generation bioenergy crops;

. Low if biochar is sourced from forest ecosystems, application can be beneficial to soils locally;

. If conversion takes place in (semi-)natural grassland;

. See Creutzig et al. (2017) for a recent summary of energy potentials;

. Due to land sparing;

Related to increased eco-labelling, which drives consumer purchases towards more ecosystem-friendly foods.
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3.2 ACTIONS THAT BENEFIT
BOTH CLIMATE AND
BIODIVERSITY

Protection and restoration of carbon rich ecosystems is

the top priority from a joint climate change mitigation and
biodiversity protection perspective. Girardin et al. (2021) point
out that to maximize climate-mitigation targeting nature-
based solutions (NbS) it is important to assess actions for
longevity; it can be counterproductive if sole emphasis is
placed on rapid sequestration. They prioritise protection of
intact ecosystems, managing working lands and restoring
native cover. Such activities score high on mitigation,
biodiversity and adaptation co-benefits (Table 3.1) and can
be cost effective and scalable. However, even when existing
direct human pressures (such as conversion and over-
extraction) are removed, climate change poses severe threats
to many of these ecosystems (e.g., through permafrost thaw,
increasing risk of wildfire and insect outbreak, mangrove

or kelp-forest dieback) that cannot be alleviated without
halting warming. The ambition to retain, restore and protect
natural ecosystems (Arneth et al., 2020; Watson et al., 2020)
will be difficult, if not impossible, to achieve, unless climate
change is simultaneously mitigated through ambitious fossil
fuel emissions.

3.2.1 Protect

3.2.1.1 Reduction of emissions from
deforestation and forest degradation

Measures that prioritise avoided deforestation combined
with restoration of existing but degraded forests have
large climate mitigation potential and large biodiversity
co-benefits. Reducing the loss of forests has the single
largest potential for reducing carbon emissions in the
AFOLU sector, with estimates ranging from 0.4-5.8
GtCO,e a'(IPCC, 2019). Considering the loss of additional
sink capacity associated with deforestation (estimated

as 3.3 GtCO, a™ (0.9 GtC a™) for years 2009-2018,
(Friedlingstein et al., 2020) provides an additional large
mitigation incentive. Globally, less than 30% of the world’s
forests are considered to be still intact (Arneth et al., 2019),
and less than 40% of forest area has been estimated to
contain forest older than 140 years (Pugh et al., 2019).
Reducing forest degradation can thus contribute an
estimated 1-2.2 GtCO,e a''in avoided GHG emissions. At
least for neo-tropical forests, the area of degraded forests
could well equal or even exceed the area of deforestation
in many regions (Bullock et al., 2020; Matricardi et al.,
2020); associated above-ground carbon losses have been
estimated to increase estimates of gross deforestation
losses by ca. 25% up to >600% (Maxwell et al., 2019),

with possibly additional, unknown carbon lost from soils.

A successful Reduction of Emissions from Deforestation
and forest Degradation (REDD+) or equivalent financed

at 25 US$/tonne CO, could reduce projected species
extinctions by 84%-93% (Strassburg et al., 2012).
Degradation can double the biodiversity loss arising from
deforestation (Barlow et al., 2016). Regarding societal
co-benefits, a model experiment showed that an equitable
allocation of REDD+ funds among eligible countries lead to
a larger number of countries benefiting, without significantly
compromising the carbon efficiency and biodiversity
outcomes (Section 6). Nevertheless, for a variety of broadly
governance-related issues REDD+ so far has not yet
achieved the hoped-for tangible results (Angelsen et al.,
2017) (Section 6).

3.2.1.2 Conservation of non-forest carbon-
rich ecosystems on land and sea

Non-forest ecosystems on land, including freshwater
systems and sea, including coastal areas, have also

an important role to play. The total amount of carbon
stored in wetlands and peatlands has been estimated

at ca. 1500 GtC, around 30-40% of the global terrestrial
carbon stock (Kayranli et al., 2010; Page & Baird, 2016).
Despite the importance of protecting these systems for
climate change mitigation and human well-being (flood
and pollution control), an estimated 87% of the world’s
wetlands were lost in the last 300 years, 35% since 1970
(Darrah et al., 2019). Prominent examples include the
Rwenzori-Virunga montane moorlands of Rwanda, and
the Andean Paramo in Venezuela, Colombia and Ecuador
(Soto-Navarro et al., 2020). Likewise, grasslands and
savannas are estimated to store around 15% of the total
terrestrial C (Lehman & Parr, 2016; McSherry & Ritchie,
2013). Yet, for instance, tropical grassy biomes have even
a substantially lower proportion of protected areas than
tropical forest. About 50% of Brazilian Cerrado has been
transformed for use in agriculture and pastures, while
African savannas are also under large land-use change
pressure (Aleman et al., 2016; Lehman & Parr, 2016).
Formerly occupying ~8% of the land surface, natural
temperate grasslands are now considered one of the most
endangered biomes in the world (Carbutt et al., 2017;
van Oijen et al., 2018). Less than 5% of global temperate
grasslands are currently protected (Carbutt et al., 2017).
In this context, the conservation of carbon and biodiversity
rich ecosystems to reach 30% in both terrestrial and
marine ecosystems, as promoted by CBD, can have
important effects in reducing biodiversity decline and
enhancing climate change mitigation (Hannah et al., 2020).

Mangroves, seagrass meadows, salt marshes and kelp
forests are key marine and coastal ecosystems for carbon
capture and storage. The former two accumulate their
carbon in situ (though with some export, see Li et al., 2018),
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kelp does so by export, and salt marsh through both in situ
and export. Stores of carbon in marine life are called ‘blue
carbon’. Mangroves have particularly powerful potential
and can sequester four times more than rainforest per unit
area (Donato et al., 2011). However, mangroves (and other
coastal marine vegetation) occupy narrow coastal niches
and thus a small global area, so they have considerably
less carbon standing stock and total climate mitigation
potential than forest. Nevertheless, despite occupying
<1% of global area, mangroves held more than 6 GtC

(22 GtCO,e) in 2000 (Sanderman et al., 2018). There can
be strong interdependence of adjacent environments, for
example mangroves, seagrasses and coral reefs each
conveying benefits to others in terms of functioning (e.g.,
in nutrient release, nursery grounds and hindering erosion)
thereby enhancing collective societal benefits such as
carbon storage. “Blue carbon environments” can also be
disproportionally biodiversity rich (per area, see Morrison
et al., 2017) and host completely different suites of species
(as well as providing fish nursery grounds, coastal storm
and erosion protection). Up to 2000 species can be present
in mangroves in a single region (Saenger et al., 1983) so
climate mitigation schemes preventing their deforestation
could safeguard these as well as prevent 0.1-0.4Gt

CO,e soil carbon lost (as has been in the last 15 years
(Sanderman et al., 2018)). Conservation of non-forest
carbon rich land and coastal ecosystems have important
climate benefits with co-benefits for biodiversity.

3.2.2 Restore

3.2.2.1 Restoration of degraded ecosystems

Ecosystem restoration can provide major contributions

to climate change mitigation. In forests alone, estimates
of annual net carbon removal from forest area expansion
range from 1.5-10.1 GtCO,e a™. (Smith et al., 2020; Roe
et al., 2019). However, current scenarios used by the
IPCC do not differentiate between natural forest regrowth,
reforestation with plantations, and afforestation of land
not previously tree-covered, which makes assessment

of biodiversity impacts difficult (Chazdon & Brancalion,
2019; Temperton et al., 2019). Peatland restoration (and
avoided conversion) could remove 0.2-2 GtCO,e a™ and
coastal wetlands restoration has a sequestration potential
of 0.20-0.84 GtCO,e a™ (IPCC, 2019; Smith et al., 2020).
Ecosystem restoration provides opportunities for co-
benefits for climate change mitigation and biodiversity
conservation, which are maximized if restoration occurs in
priority areas for both goals. For instance, restoring 30%
of converted lands in priority areas for climate change
mitigation and biodiversity conservation can simultaneously
sequester 465 + 59 GtCO, and avoid 71+4% of current
extinction debt (Strassburg et al., 2020). These are long-
term estimates, but tropical forests, where most global
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priorities are located, can recover half of their reference
carbon stocks in the first 20 years after restoration, and
90% in 60-70 years (Poorter et al., 2016). Natural forest
regeneration can generate substantial global CO, removal
and is a key component of cost-effective large-scale
restoration strategies (Strassburg et al., 2018). Related to
the ‘Bonn Challenge’, encouraging natural forest regrowth
may be >40 times more effective (in terms of storing carbon
in biomass in 2100) compared to monoculture plantations
(Lewis et al., 2019). The large historic loss of soil carbon
(about 20% to over 60% (Olsson et al., 2019)) implies that
agricultural soils, appropriately managed, have a significant
future capacity to take up CO, from the atmosphere (e.g.,
0.4-8.6 Gt CO, a" (Smith et al., 2020)) and to store it in
the form of soil carbon, potentially with a wide range of
co-benefits in addition to climate change mitigation (Bossio
et al., 2020). There have also been a wide variety of blue
carbon habitat restoration projects, but to date small-scale
projects using the voluntary carbon market or alternative
financing tend to be among the more successful outcomes
(e.g., in mangrove swamps and seagrass meadows, see
Wylie et al., 2016).

Restoring already degraded wetlands can sequester carbon
on a century scale, albeit at a very slow pace and possibly
at the expense of increased CH, emissions (which will
diminish but not necessarily eliminate their climate change
mitigation potential), but with large potential to improve
conditions for biodiversity (Hemes et al., 2019; Meli et

al., 2014; Strassburg et al., 2020). Ecosystem restoration
also provides multiple nature’s contribution to people,

such as the regulation of water quality, regulation of the
hydrological cycle, decrease the frequency and severity

of floods and droughts and pollination services (Chazdon
& Brancalion, 2019; IPBES, 2018). Ecosystem restoration
can also provide multiple social benefits, such as creation
of jobs and income, but in order to avoid negative social
outcomes, its implementation must follow proper culturally
inclusive decision-making and implementation, in particular
when affecting indigenous peoples’ and local community
lands (Reyes-Garcia et al., 2019).

3.2.3 Manage

3.2.3.1 Climate- and biodiversity-friendly
agricultural practices

Globally, the food system is responsible for a quarter of
anthropogenic GHG emissions (IPCC, 2019), even up to
one third if emissions arising from e.g., food processing,
transport or storage are included (IPCC, 2019; Crippa et
al., 2021). There is potential to reduce emissions both on
the supply-side and the demand-side (see below). Supply-
side measures include improved cropland management
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(technical potential: 1.4-2.3 GtCO,e a'; (Smith et al., 2020)),
grazing land management (technical potential: 1.4-1.8
GtCO,e a''; (Smith et al., 2020)), and livestock management
(technical potential: 0.2-2.4 GtCO,e a'; (Smith et al., 2020))
which together reduce methane emissions from enteric
fermentation, livestock manure, rice production and biomass
burning, reduce nitrous oxide emissions from fertiliser
production and application and livestock manure, and also
create soil carbon sinks (Smith et al., 2020). The impacts

of these interventions on biodiversity are assessed to be
neutral to (mostly) medium positive at various scales (Smith
et al., 2018; McElwee et al., 2020). Another mitigation
option is sustainable intensification (briefly defined as
obtaining more yield from the same land area, while keeping
the off-site environmental and social impacts low) with a
technical potential >13 GtCO,e a™'; (Smith et al., 2020)).
Intensification can free land for biodiversity conservation,

by sustainably increasing productivity per unit of agricultural
area (Pretty et al., 2018). Whist bioenergy has a large
mitigation potential (technical potential: 0.4-11.3 GtCO,e *;
(Smith et al., 2020)), the widespread cultivation of energy
crops to provide CO, removal on several GtCO,e a' scale
was assessed by Heck et al., 2018 and McElwee et al.,
2020 to have negative impacts on biodiversity. However,

at smaller scales, and when integrated into sustainably
managed agricultural landscapes, the impact of energy
crops on biodiversity could be neutral to (low) positive
(McElwee et al., 2020; Smith et al., 2020).

3.2.3.2 Climate- and biodiversity-friendly
forestry practices

Forestry has historically focused on optimizing the efficiency
of commodity production, mostly of wood for timber, pulp,
and fuel, and -like intensive agriculture or fisheries- has
been criticised for negative environmental impacts such as
depleting ecosystem carbon stocks (Olsson et al., 2019;
Puettmann et al., 2015). Through species selection, and
different management options during tree growth and
harvest, foresters have the option to guard the carbon stock
in biomass, dead organic matter, and soil — with additional
large co-benefits if long-lived wood-based products
support emissions reductions in other sectors through
material substitution (Campioli et al., 2015; Churkina et

al., 2020; Erb et al., 2018; Luyssaert et al., 2018; Nabuurs
et al., 2017; Waldchen et al., 2013). If adopted widely,
preserving and enhancing carbon stocks in forests via
locally adjusted sustainable management practices has the
potential to mitigate 0.4-2.1 GtCO,-eq a™ (IPCC, 2019).
These numbers may in some studies include -and in others
not- estimates of mitigation potential from reducing forest
degradation (see 3.2.1 and 3.2.2). Intensification of forest
management schemes and associated fertilization may
enhance productivity but would increase N,O emissions
and possibly have negative impacts on overall forest and
aquatic biodiversity.

In some regions, climate change can provide net benefits
to forests through lengthening the growing season
(especially at high latitudes but see Housett et al. 2015)
and CO, fertilization. However, climate change can also
drastically reduce the mitigation potential of forests, due

to an increase in extreme events like fires, insects and
pathogens (Anderegg et al., 2020; Seidl et al., 2014).
Adoption of measures such as reduced-impact logging or
fire-control measures, together with (in formal mitigation
projects) including carbon “buffer pools” to account for
unintended carbon loss can help to address permanence
risks (Anderegg et al., 2020; Sasaki et al., 2016). If planned
carefully, forest management for climate change mitigation
can be associated with a number of co-benefits for
biodiversity conservation as well as regeneration (Mori et al.,
2017; Trivifio et al., 2017). In general, mixed-species forests
should be maintained as they are likely to provide a wider
range of benefits to society within the forest and for adjacent
land uses. However, there are trade-offs between different
benefits depending on the tree mixture and stand type
involved (Brockerhoff et al., 2017; IPCC, 2019).

3.2.3.3 Biodiversity-friendly fishing and
aquaculture practices

The growth and increasing wealth of human populations
forecasts a considerable need to produce more food from
the ocean, but fishing is the main current driver of marine
biodiversity decline (IPBES, 2019). Bottom trawling is
particularly destructive, especially in deep water, from which
biodiversity recovery may take decades (Clark et al., 2016,
2019). Fishing driven reduction of ecosystem functionality
can reduce blue carbon storage on the seabed but also
re-expose buried blue carbon — both reducing climate
mitigation potential (see Rogers et al., 2020; Bax et al.,
2021). In addition, elimination of illegal, unregulated and
unreported (IUV) fishing is critical to moving the fisheries
sector to sustainability. Reducing overfishing and bycatch,
as well as focusing new aquaculture activities on low
trophic level species (e.g., plankton feeders such as bivalve
molluscs) and broadening the range of species cultivated
could both increase global seafood production and reduce
impact to the environment and biodiversity (see also Table
4.3 & 5.1.3). Expanded cultivation of seaweed also offers
biodiversity friendly possibilities for sequestering CO, and
producing food.

3.3.3.4 Localisation of supply chains

The expansion of global trade has brought about an
increase from 22 billion tonnes in 1970 to 70 billion tonnes
in 2010 in global material extraction (including fossil fuels,
biomass, metal ores, and non-metallic minerals) (UNEP et
al., 2016). Extraction rates are considered to be accelerating
beyond sustainable levels (Bringezu, 2015). In 2011,

carbon emissions embodied in trade accounted for 21%
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of global emissions (OECD, 2019). Many of the industries

in this global trade generate large amounts of GHG such

as agriculture and mining with direct and indirect (such

as deforestation) impacts on biodiversity and ecosystem
integrity. Between 1990 and 2010, an average of 32.8 Mt
CO,e emissions were embodied in meat (beef, pork and
chicken) traded internationally (Caro et al., 2014), which
brought important environmental and biodiversity costs to
the country providing the goods (Galloway et al., 2007). The
same is true for agricultural trade (Balogh & Jambor, 2020).
About 30% of global species threats are associated with
the international trade of commaodities (Lenzen et al., 2012).
There are important opportunities for reducing emission in
global trade, by moving into less carbon intense and more
biodiversity-friendly practices (e.g., (Griscom et al., 2017;
Smith et al., 2018). In particular, modifying the trade itself by
providing incentives for the localization of supply chains and
through the stipulation of higher environmental standards

in the production of commodities to be traded among
countries under free trade agreements (e.g., (Kehoe et al.,
2020)). Internationally adopted standards help to reduce
the risk of generating countries that behave as “pollution
heavens” with low level of environmental regulations and
enforcements and specialized in the production of carbon
intensive goods later exported to the rest of the world
(OECD, 2019). Reconsidering supply chains is a key tool

to help achieve global temperature rise limits (e.g., 1.5-
2°C). Localizing food supply chains is important, mainly by
reducing the GHG emissions caused by transportation and
by building resilience to large scale disasters (Clark et al.,
2020). However, practices such as just-in-time inventory can
lead to frequent transport and more GHG emission (Ugarte
et al., 2016).

3.2.3.5 Changes in consumption

Meat and dairy are responsible for 58% of GHG emissions
from the global food system (IPCC, 2019) and half of these
emissions are due to cattle and sheep alone (Poore &
Nemecek, 2018). One third of all cereals grown in the world
are used to feed livestock rather than humans (Mottet et al.,
2017). Animal agriculture is a major driver of deforestation
and biodiversity decline (Crist et al., 2017). Ruminant meat
has 10-100 times the climate impact of plant-based foods
(Clark & Tilman, 2017; Poore & Nemecek, 2018) with a
similarly greater adverse impact on land, water and energy
use, and indicators of air and water quality. A third of all

the food produced globally is lost or wasted (Alexander et
al., 2017). Demand-side measures encouraging reduced
food loss and waste (technical potential: 0.8-4.5 GtCO,e a
(Smith et al., 2020); and dietary shifts, toward diets including
more plant-based foods and less meat and dairy (technical
potential: 0.7-8 GtCO,e a™'; (Smith et al., 2020)), have
significant potential for climate change mitigation, as well as
reducing the pressure on land that drives biodiversity loss
(Roe et al., 2019). Large environmental and human well-
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being co-benefits arise, if dietary shifts have a strong focus
on achieving globally larger equity in health (Clark & Tilman,
2017), leading to a redistribution in consumption that
reduces undernutrition as well as wasteful consumption,
overweightness and obesity. The land freed by reducing the
need to produce animal feed globally greatly enhances the
potential to use it for nature-based solutions that benefit
climate change and biodiversity alike (Seddon et al., 2020).

3.2.4 Create

3.2.4.1 Urban greening and biodiversity
support

Cities play a role in the conservation of global biodiversity,
particularly through the planning and management of

urban green spaces (UGS) (Aronson et al., 2017). UGS and
biodiversity protection increase carbon uptake (De la Sota
et al., 2019) and deliver cooling effects that indirectly lead
to reduced energy consumption (Alves et al., 2019). They
also reduce air pollution, maintain health, reduce flooding,
sand and dust, and assist in adapting to climate change
(Capotorti et al., 2019; Carrus et al., 2015). Although UGS
research is recent (Aronson et al., 2017), urban greening has
played a key role in most adaptation strategies (Butt et al.,
2018) (see Section 4.4). In densely populated cities planting
of trees has a larger potential to reduce heat impacts than
green roofs, because of shade provisioning (Zolch et al.,
2016). Carbon sequestration and storage in urban trees and
gardens varies considerably between cities and location.
UGS can contribute in a meaningful way to mitigating cities’
GHG emissions, provide a local cooling effect or be co-
beneficial to a cities’ population food supply (Bellezoni et al.,
2021). It is thus both possible and necessary to rationally
design and manage UGS and biodiversity in combination
with adaptation and/or mitigation measures (Butt et al.,
2018; Sharifi, 2021) (see Sections 4.4, 5.1.2).

3.2.4.2 Trophic rewilding

Trophic rewilding, the reintroduction of herbivores and
carnivores to systems where they have been lost, is
foremost discussed as a measure to enhance biodiversity
(see Section 5.1.2.6) and can also contribute to ecosystem
restoration (3.2.2). Some recent analysis have discussed
the impact of rewilding on ecosystem carbon cycling and
hence climate change mitigation, given the effects animals
and trophic cascades have on biomass consumption,
carbon turnover, or methane emissions (Schmitz et al.,
2018; Tanentzap & Coomes, 2012). Reindeer grazing
could, for instance, reduce shrub encroachment into
tundra ecosystems, help to maintain high snow albedo
and to reduce otherwise positive climate feedbacks in
boreal regions (Schmitz et al., 2018). Likewise in tropical
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forest, disturbance through “ecosystem engineers”

such as elephants has been found in model simulations

to result in changes to the forest canopy that led to
increased aboveground carbon storage (Berzaghi et al.,
2019). In other regions, however, trophic rewilding could
also diminish carbon storage (Schmitz et al., 2018). The
existing body of literature indicates that climate change
mitigation considerations (supporting or reducing mitigation
potential) be brought into rewilding initiatives, and -in some
regions- provide additional positive stimulus to biodiversity
conservation (Section 5.1.1).

3.2.4.3 Combined technology and nature-
based mitigation options

Because of the many challenges related to climate change
mitigation measures demanding large land areas (see 3.2.1,
3.2.2), the concept of technological-ecological synergies
(TES) has begun to emerge as an integrated systems-
approach that recognizes the potential co-benefits that
exist in combining technological and nature-based solutions
(Hernandez et al., 2019). So far it has been applied mostly
in the solar-energy sector (Hernandez et al., 2019; Liu

et al., 2020; Schindele et al., 2020). Example strategies
include, for instance, to preferentially employ solar panels
on contaminated lands that would otherwise be extremely
costly to restore, to utilize transpiration of vegetation
underneath solar panels to cool the panels, or -combined
with appropriate grazing regimes- to enhance soil carbon
stocks under solar panels (Hernandez et al., 2019). For the
US, the planned placement of solar developments >= 1

MW could benefit 3500 km? of nearby cropland if vegetation
underneath the solar panels can provide pollinator habitat
(Walston et al., 2018). Floatovoltaics, solar photovoltaic
cells supported on the surface of water bodies, have been
demonstrated to reduce evaporation from the water bodies
and are being discussed as promising options especially
when applied to hydroelectric reservoirs in arid regions. Little
is understood of the impacts of floatovoltaics on the hosting
water body’s physical, chemical and biological properties
(Armstrong et al., 2020).

3.2.4.L Mitigation opportunities on newly
emerging habitats

Ice and snow retreat at high latitudes and altitudes changes
the surface albedo to darker, more heat absorbing levels.
In addition, permafrost thawing can release substantial
volumes of methane. These processes have a large
potential to amplify climate change. However, there are
potentially new habitats emerging from the snow and ice
that can yield both mitigation and biodiversity benefits, if
appropriately managed. The biodiversity benefits of new
habitat creation have been widely seen at small spatial
scales, either through anthropogenic structures (e.g.,
artificial reefs) or in naturally emerging volcanic islands. The

potential climate mitigation benefits of novel habitats have
only recently been explored. Snow and ice retreat in the
subarctic (and subantarctic), exposing tundra and taiga, not
only increased heat absorption, but also enhanced growth
and carbon capture and storage (Housset et al., 2015). This
terrestrial negative feedback to the climate is dwarfed by the
adjacent marine ice losses (less extent in time and space of
the seasonal sea surface freezing), which effectively creates
new polar continental shelf habitat across millions of km?,
doubling seabed carbon stocks in 25 years (Barnes et al.,
2018). Hundreds of fjords have become exposed by glacier
retreat, and massive coastal embayments are emerging as

a result of giant iceberg breakout from ice shelves. New and
intense phytoplankton blooms have established in these
new habitats (Peck et al., 2010) followed by colonization

of the seabed (Fillinger et al., 2013). The climate mitigation
potential of these new habitats is driving urgent calls for their
protection, for instance from fishing (Bax et al., 2021) and
see Section 5). The considerable associated biodiversity
benefits clearly go hand-in-hand, especially considering the
very high endemism and richness. Marine ice loss in the
Arctic has many consequences in addition to these. The net
outcome of changes in primary production in open Arctic
waters, loss of benthic production from under-ice algae, loss
of pagophilic (ice-dependent) species and lower albedo is as
yet unclear so we cannot yet reach any clear conclusions on
Arctic mitigation potential (Rogers et al., 2020).

3.3 THE PARIS AGREEMENT
AND THE CBD POST-2020
GLOBAL BIODIVERSITY
FRAMEWORK

3.3.1 Acknowledging the trade-offs

By 2050, in 1.5°C pathways, renewable energies (including
bioenergy, hydro, wind, and solar) are expected to supply
52-67% (interquartile range) of primary energy. As food
demand is projected to increase substantially and with

the land area already today under large exploitation-
pressures, conversion of areas equivalent to about one
third of today’s food crop area or 10-15% of today’s forest
area for mitigation purposes (Rogel; et al., 2018) would
potentially jeopardise existing land- or marine-area related
biodiversity conservation measures (Fuss et al., 2018; Hof
et al., 2018; Veldkamp et al., 2020). It would also further
aggravate hunger and the loss of nature’s contributions

to people contributing to the delivery of SDGs (IPCC,
2019; Fuss et al., 2018; IPBES, 2019). These results are
particularly pertinent in the light of studies that have raised
doubts on whether the projected cumulative carbon uptake
on land at the massive scales proposed could, in fact, be
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achieved (Harper et al., 2018). The expected large mitigation
contributions by various renewable energy sources and/

or land and marine management highlight the profound
challenges for sustainable management of demands on land
and in the ocean (IPCC, 2019).

Both land- and ocean-based mitigation activities can
contribute to limiting warming to 1.5°C or 2°C, including
‘traditional’ nature-based solutions but also by providing
space for technical infrastructure (and the combination

of the two). As seen in the previous sections, trade-offs
and compromises are inevitable and require management
for carbon uptake as well as energy mixes that minimize
net environmental damage associated with addressing
mitigation-related biodiversity and adaptation impacts
(Rehbein et al., 2020) (Sections 4, 5). Given the current
over-exploitation of land and marine ecosystems, there is a
clear need for transformative change in the land and ocean
management, and food and energy production sectors to
achieve these mitigation potentials and capitalise on their
climate change adaptation and biodiversity conservation co-
benefits.

3.3.2 Combinations of measures that
are locally adjusted and societally
accepted

Better alignment and fulfilment of the Paris Agreement
commitments with CBD post-2020 global biodiversity
framework goals and targets and UN SDGs is essential

to bring about social and economic transformations in
order to achieve quality of life in parallel with nature (see
Section 6.1.4., 7.2). Approaches that are multi-pronged and
emphasize decarbonization of economies and the energy
sector in the short term, as well as implementing nature-
based solutions that have strong capacity to sequester
carbon as well as bringing benefits for local communities,
have a better chance of success (Seddon et al., 2020).
Though these options are time limited for mitigation
because biological sinks saturate (see Box in Section 1),
nature-based solutions can provide significant mitigation
potential this century (see Table 3.1) if accompanied by the
essential reductions in fossil fuel emissions. In published
global assessments of mitigation potential, the fundamental
context-specific interactions, opportunities and limits
arising from a specific location (such as ecosystem type,
local governance or the mix of decision-making actors)
thus far have not be accounted for but are important when
implementing mitigation measures “on the ground” (Smith et
al., 2020; Griscom et al., 2017).

On land, five options with large mitigation potential (>3 Gt
CO,eq a'') and five with moderate potential (0.3-3 Gt

CO,eq a’') have been identified in the IPCC SRCCL, with
no or only little adverse impacts on other land challenges
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such as food security or adaptation (McElwee et al., 2020;
Roe et al., 2019; Smith et al., 2020) (see Table 3.1).
These options combine the carbon uptake potential from
avoided conversion of natural land, restoration, enhancing
yields through sustainably managing agricultural and forest
lands, as well as reducing post-harvest losses. From a
yield-biodiversity-carbon uptake co-benefit perspective,
agroforestry practices are often considered an important
win:win:win measure (Nunez et al., 2019). Likewise, by
2050 carbon taken up and stored in coastal and marine
ecosystems and seabeds could contribute an additional
>3 Gt CO,e a”, while 5.4 Gt CO,e a™ are estimated to be
supplied from different ocean-based renewable energy
such as offshore wind or tidal energy (Hoegh-Guldberg et
al., 2019).

Positive synergies are possible when combining measures
that act on the supply as well as demand side, for instance
adjusting diets towards an overall healthy and equitable
animal protein intake, reducing food waste, and measures
to reduce expansion or over-intensification in agriculture
and fisheries. One particular challenge when assessing the
sustainable land and marine mitigation potentials is that
potentials for individual practices cannot be simply summed
to a global total, since response options implemented at
local or at regional scales likely lead to different outcomes
and because of how different measures interact with each
other either in same locations or through displacement
effects (Smith et al., 2020; Griscom et al., 2017). There is
also increasing recognition that restoration and management
of restored ecosystems will need to be dynamically adapted
in response to ongoing and unavoidable changes (Arneth
et al., 2020; Seddon et al., 2020; Donatti et al., 2019;
Morecroft et al., 2019) (Section 4). In face of climate change,
restoration will be much about managing change, a return
to a historical state of many indicators will be hard or
impossible to achieve.

3.3.3 Social issues and the
‘securitizing’ of climate change

NbS by definition provide co-benefits to biodiversity as

well as for local communities, promoting improvements

in quality of life and governance through changes that are
locally adjusted and socially accepted, especially in urban
environments (Frantzeskaki et al., 2019; Tozer et al., 2020;
UNDRP, 2020). Realizing the full potential of NbS, including
their social co-benefits, requires fast action towards abating
emissions and limiting warming, since warming itself affects
the effectiveness of NbS in the mid-term (Seddon et al.,
2020). Strong incentives, such as an attractive carbon price
and the unlocking of Article 6 of the Paris Agreement to
create international carbon markets based on additionality
and increased ambition, are key to achieving this fast
transformation. But to make such actions sustainable will
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require changes in the way we relate to ourselves and the
rest of nature (e.g., Callicott, 2013; Haraway, 2016; UNDP,
2020). Building what has been dubbed a “Nature-based
human development” (UNDP, 2020) can be supported

by aligning the best natural science with the best social
science, arts, humanities, and diplomacy (Section 6).

There is an increasing realization that climate change is a
global security issue with potential to lead to social unrest,
forced migration, and displacement of populations especially
of less developed countries (Hoffmann et al., 2020; UNDP,
2020). This can be an important driver for international
multilateralism and cooperation and an increased ambition
in the framing of measures such as the NDCs (Nationally
Determined Contributions) to reduce emissions and adapt
to impacts of climate change; https://unfccc.int/process-
and-meetings/the-paris-agreement/nationally-determined-
contributions-ndcs/nationally-determined-contributions-
ndcs. This ‘securitization’ of climate change, however,

can backfire and lead to negative consequences, such

as leading to fatalism, scepticism and inaction (Warner &
Boas, 2019), disincentivising international cooperation and
the adoption of nature-based solutions, especially if this
securitization goes along with a communication strategy
that tries to increase the sense of urgency appealing to
fear, guilt, or shame (Moser, 2007; De Witt & Hedlund,
2017). To adequately communicate what science knows
about climate change, its impacts on biodiversity and the
earth system, and to catalyse urgent actions in people and
governments without overwhelming and paralyzing them is
a complex issue (Moser, 2010). Among other considerations
it is critical that statements regarding impacts of climate
change capture uncertainty in projections (Bradshaw &
Borchers, 2000), thus leading to actionable futures instead
of inaction and fatalism. Recognising that a broad set of
people’s values regarding material and non-material benefits
from nature underpin motivation to change (Sections 6,

7). A good example is by granting access rights to local
populations exploiting common pool resources, such as
small scale fisheries (Wilen et al., 2012) as with granting
access to ancestral lands for indigenous groups. These
social changes can increase sustainable management,
improve biodiversity and the carbon capture and storage
capacity of ecosystems (e.g., Herrmann, 2006; Diaz et

al., 2018; Kohler et al., 2019; Gelcich et al., 2019; Fa et
al., 2020). They do so by reinforcing the sense of and the
relationship with place, wherein lies the foundation for
cultural practices through which environmental change is
experienced, understood, resisted, and responded to (Ford
et al., 2020).

3.3.4 Good environment stewardship
practices are dynamic

The outcomes of coupled climate-biodiversity-human
systems are hard to predict. Even in a relatively simple
system, such as the Southern Ocean with short food chains
and few direct anthropogenic stressors, best environmental
practice can be difficult to discern (Rogers et al., 2020).
Species have widely varying levels of thermal sensitivity

but many at high latitude or altitude are stenothermal, so
they must shift range to maintain temperature envelopes.
However, zones of marine management or protection
usually have fixed geographic or bathymetric boundaries.
Thus, effectiveness of stewardship practices (see Section

2) will see changing climate mitigation and biodiversity
yields unless management boundaries can flex with
temperature. The West Antarctic Peninsula (WAP) may be
an early warning sign of this. Less than 1°C of surface water
warming there has sustained strong marine ice losses, both
increasing and decreasing carbon capture in places and
range shifting some species but not others (Montes-Hugo
et al., 2009; Rogers et al., 2020). Such moderate (1°C)
surface water warming can increase growth amongst polar
benthos; life on WAP seabed now sequestrates 4 GtCO,e
a' (Barnes, 2017) but in contrast there have been decrease
in carbon stored in life on the Weddell seabed (Pineda-Metz
et al., 2020). There is evidence that more severe warming

is complicated and has unpredictable effects on species
(Ashton et al., 2017).

Both at sea and on land, adopting dynamic approaches

to conservation, rather than static goals, will allow flexible
responses and leverage biodiversity’s capacity to contribute
to climate-change mitigation and adaptation. In face of
climate change, conservation will be about managing

the change, since a return to the historical state will be
impossible to achieve (Arneth et al., 2020) (see also
Sections 4-7).
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Biodiversity and adaptation to

climate change

&.1 OVERVIEW

The aims of Section 4 are to highlight the capacity and limits
of socioecological systems to adapt to climate change,
examine the role of biodiversity in contributing to adaptation
and evaluate the impacts of a wide range of climate change
adaptation measures on biodiversity. This section specifically
addresses ecological adaptation that occurs without human
intervention, human-led adaptation in natural systems where
interventions are intended to enhance ecological adaptive
capacity and adaptation in human-dominated systems
including urban systems (see Box 4.1).

Global temperatures have already risen by about 1°C since
the beginning of the 20 century and are almost certain to
rise another 0.5 to 1.0°C by 2050, even under extremely
ambitious climate mitigation scenarios (IPCC, 2019a).
Biological and human systems often have substantial
capacity to adapt to changing climate, but the speed and
magnitude of contemporary climate change may greatly
exceed these capacities and thereby create high risks

for nature and people, especially under moderate to high
greenhouse gas emissions scenarios (Arneth et al., 2020;
IPBES, 2019; IPCC, 2019a; Morecroft et al., 2019). It is
therefore crucial that adaptation to climate change is not
seen as a substitute for strong climate mitigation. Exceeding
the adaptive capacity of ecosystems imperils their ability to
contribute to attenuating climate change, leading to even
greater climate change (IPCC, 2019a; Morecroft et al., 2019).

Dealing with inevitable climate change requires an
understanding of the objectives of adaptation measures,
capacities and limits to adaptation, and interventions that
are intended to enhance adaptive capacity (IPCC, 2019a,
Figure 4.1; IPBES, 2019). The objectives of climate
adaption can range from maintaining the system as is,

to allowing for autonomous adaptation, to facilitating
transformation (Figure 4.1). The choice of objectives,

and the measures that are implemented to achieve them,
depends on the interactions between underlying values as
well as the levers and barriers to adaptation (Secretariat

of the Convention on Biological Diversity, 2009, Figure
4.1; Colloff et al., 2017; van Valkengoed & Steg, 2019,
Figure 4.1). Adaptation measures can range from narrowly
defined interventions that focus on addressing the impacts
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exclusively associated with climate change, to reducing
non-climatic stressors that make ecosystems and people
vulnerable to much broader actions designed to build robust
systems for problem solving (McGray et al., 2007; Klein,
2011). The primary focus of Section 4 is on adaptation
measures that directly address climate change impacts, with
an emphasis on measures that are intended to avoid the
degradation of regulating and material nature’s contributions
to people (NCP) sensu (Diaz et al., 2018) (also known as
regulating and provisioning ecosystem services). Non-
material NCP and cultural contexts (sensu Diaz et al., 2018,
equivalent to cultural services and intrinsic values of nature
in earlier terminology) are also treated, but less extensively.

Interventions to enhance climate adaptation may focus on
nature-based solutions (NbS), technical and technological
solutions, or social and institutional solutions alone or

in combination (Figure 4.1, Box 4.1, Secretariat of the
Convention on Biological Diversity, 2009; Berry et al., 2014;
Sharifi, 2021). This section emphasizes the differences in
these measures because they reflect distinct socioecological
and sociotechnical perspectives and often have radically
different impacts on biodiversity (Secretariat of the
Convention on Biological Diversity, 2009; Berry et al., 2014).
In most cases, there are choices between multiple measures
to achieve similar adaptation goals (Berry et al., 2014; Morris
et al., 2020; Seddon et al., 2020). These measures may

be synergistic or conflicting; for example, nature-based
solutions such as stabilizing dunes with vegetation and hard
structures such as seawalls to adapt to sea-level rise can be
complementary but are often seen as conflicting due in part
to overreliance on engineered (‘hard’) structures (Morris et
al., 2020, Section 4.4.2).

The distinction between adaptation and mitigation
measures is not always clear cut (Berry et al., 2014; IPCC,
2019a; Sharifi, 2021; Smale et al., 2019; Smith et al.,
2019). In some cases, measures that improve adaptive
capacity can also contribute to climate mitigation and
vice versa. For example, soil conservation practices can
increase soil carbon sequestration and make soils more
resilient to climate change (see Section 4.4.1). In other
cases, mitigation and adaptation strategies may be in
conflict. The interactions between climate mitigation and
adaptation creates some overlap between Sections 3 and



INTERVENTIONS

Nature-based adaptation
(Nature-based solutions NbS, Ecosystem-
based adaptation EbA)
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UNDERLYING VALUES
concerning nature, nature’s
contributions to people & good

Technical and technolqgical quality of life
adaptation
Social and institutional
adaptation OBJECTIVES
Keep the system like it is
Facilitate transformation
but aim to maintain similar biodiversity,
ecosystem function and nature’s
contributions to people (NCP)
Facilitate transformation
to new, better adapted ecosystem
RISKS structure and function as well as NCP
High levels of No intervention — CONSTRAINTS
allow for autonomous adaptation & LEVERS

climate change
exceed adaptive
capacity

Pressures such as land use
change or overexploitation
reduce adaptive capacity

Interventions intended to enhance

adaptive capacity have bad
outcomes (maladaptive)

Figure o

Intrinsic capacity and
limits to adaptation

Uncertainty in climate change
and impacts

Risk avoidance

Availability and capacity to mobilize
knowledge

Financial incentives and disincentives

Elements that play a role in setting objectives and types of interventions for

climate adaptation, as well as evaluation of the associated risks.

4: this section focuses on adaptation aspects. The need
to better integrate climate mitigation, climate adaptation
and biodiversity protection and restoration measures are

discussed in greater detail in Sections 6 and 7.

Adaptation measures can lead to maladaptation — even
when seemingly well-conceived (Gaitan-Espitia & Hobday,
2021; IPCC, 2019a; Morecroft et al., 2019). Climate change

and its impacts on ecosystems and society have high
uncertainty, with some aspects that have much higher

uncertainty than others; for example, regional precipitation
projections have much more uncertainty than projections

of global temperature rise (IPCC, 2014a). Adaptive

measures that do not account for these uncertainties may
turn out to be maladaptive; for example, planting drought

resistant trees to anticipate increased water stress can

be counterproductive if projected changes in water stress

turn out to be wrong or if drought resistant trees have

unintended side effects on nature and nature’s contributions

to people (Morecroft et al., 2019, Section 4.4.1).

High uncertainty in climate change, climate change impacts
and effects of adaptation measures requires a greater

focus on risk management and adaptive management

than is currently implemented in many climate adaptation
strategies (Kundzewicz et al., 2018; Sharifi, 2021; Stafford-
Smith et al., 2011). This means implementing management
strategies that leave options open to change strategies as
conditions and understanding evolves over time (Arneth et
al., 2020; Kundzewicz et al., 2018; Terando et al., 2020).
Risk management to cope with uncertainty in future climates
can greatly benefit biodiversity and vice versa (Seddon et al.,
2020). Spreading risk, for example through a diversification
of crop rotations, genetic variety of crops, or variety of

tree species, can make social-ecological systems more
resilient to climate change and increase species and habitat
diversity (see Section 4.4.1). Current economic incentives,
for example in agriculture and forestry, frequently do not
promote such diversification and fail to reflect the multiple
facets of nature that contribute to good quality of life (see
Section 4.4.1).
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Box @ () Definitions of adaptation.

“Adaptation” has well-developed and widely accepted
definitions, reflecting its many facets. The IPBES and IPCC
definitions are similar:

e |PBES' defines adaptation as “Adjustment in natural or
human systems to a new or changing environment, whether
through genetic or behavioural change.”

e The IPCC? AR5 glossary defines adaptation as “The process
of adjustment to actual or expected climate and its effects.
In human systems, adaptation seeks to moderate or avoid
harm or exploit beneficial opportunities. In some natural
systems, human intervention may facilitate adjustment to
expected climate and its effects.”

This report generally refers to the narrower definition of IPCC
focusing on adaptation to climate, but also uses the IPBES
definition when referring to adaptation to other pressures. For
this report we have adopted the IPBES and IPCC distinctions
between adaptation in human and natural systems, as well as
between ecological adaptation and human-led adaptation in
natural systems.

Ecological adaptation is unplanned and unmanaged change
in natural systems that improves resilience and maintains
functioning in the face of changing pressures. At species-level,
this includes behavioural change, physiological adaptation,
range shifts, and evolutionary change (Whitney et al., 2017). At

&.2 HUMAN AND SOCIAL
DIMENSIONS

Culture results from the interplay and continuous
adaptation of human populations and natural resources,
expressing people’s attitudes towards and beliefs in
other forms of life. At a fundamental level, biological and
cultural diversities are closely interdependent and have
developed over time through co-evolutionary processes.
Human populations adapt to challenges imposed by
climate change on ecosystems in particularly different
ways by different cultures rooted in a time and place
(Adger et al., 2017; Martins & Gasalla, 2020). Culture also
plays an important role in mediating human responses to
environmental change (Heyd & Brooks, 2009). In general
terms, contemporary adaptation measures, especially
nature-based options, can contribute to sustainable
development goals, racial, gender and environmental
justice, pandemics prevention and recovery. The
implementation of adaptive measures creates winners and
losers in society and therefore issues of social justice and
power relationships are at play.
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the level of ecological communities, this manifests as changes
in relative abundance species, for example changes in the
abundance of cool and warm-affinity species in response to
climate change. Such changes have consequences for nature’s
contributions to people.

Human-led adaptation is human intervention that protects
natural systems and changes managed systems to improve
their own resilience and the services they deliver. One way

to achieve such adaptation is to develop nature-based
solutions (NbS)® “actions to protect, sustainably manage, and
restore natural or modified ecosystems, that address societal
challenges effectively and adaptively, simultaneously providing
human well-being and biodiversity benefits”.

Adaptation actions with biodiversity consequences result from
adjustment to climate change in human systems that have
impacts on biodiversity. This kind of adaptation is generally
associated with human actions designed to adapt to climate-
related changes in physical conditions, such as coastal defence
construction to counter sea-level rise, or irrigation schemes to
respond to precipitation change.

NOTES:

1. IPBES https://ipbes.net/glossary

2. IPCC AR5 WGII Glossary https://www.ipcc.ch/site/assets/
uploads/2018/02/AR5_SYR FINAL Annexes.pdf

3. IUCN https://www.iucn.org/theme/nature-based-solutions/
resources/iucn-global-standard-nbs

Climate justice recognizes responsibility for the impacts

on the poorest and most vulnerable people by critically
addressing inequality and promoting transformative
approaches to address the root causes of climate change
(Jafry, 2018). Human rights issues, threatening livelihoods,
development and security are part of the urgent and critical
considerations to adapt to climate change. This includes
furthering the discourse on safeguarding the rights of the
most vulnerable people and on ensuring equitable and fair
sharing of the burdens and benefits of climate change and
its impacts. The role of community-led solutions, knowledge
sharing and empowerment for local action are proved to
be essential.

Over the past few years, a range of pathways that examine
how global society, demographics and economics might
change over the next century have been described by
interdisciplinary teams of scientists tasked with developing
global socioeconomic scenarios of change. The so-called
Shared Socioeconomic Pathways (SSP) consider five
different situations to explore how societal choices will
affect greenhouse gas emissions and, therefore, the degree
and pathway by which climate goals could be met (Riahi


https://ipbes.net/glossary
https://www.ipcc.ch/site/assets/uploads/2018/02/AR5_SYR_FINAL_Annexes.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/AR5_SYR_FINAL_Annexes.pdf
https://www.iucn.org/theme/nature-based-solutions/resources/iucn-global-standard-nbs
https://www.iucn.org/theme/nature-based-solutions/resources/iucn-global-standard-nbs

etal., 2017). ltis clear that adaptation would be most
challenging under the SSP3 (Regional Rivalry) and SSP4
(Inequality) scenarios. The risks of maladaptation seem to
be inequitably distributed geographically across all scenarios
(Chaplin-Kramer et al., 2019). People in Africa, South

Asia and the Americas are most at risk from diminishing
NCP. The number of people at risk is reduced 3 to 10-

fold under scenarios more closely aligned to Sustainable
Development Goals.

As COVID-19 ravages the global economy, some parallels
can be made with climate adaptation. Firstly, it brings to
the fore the exacerbated vulnerabilities to the lives and
livelihoods of the already marginalized. Secondly, climate
change affects the social and environmental determinants
of health through essential requirements like clean air,

safe drinking water, sufficient food and secure shelter.
Between 2030 and 2050, climate change is expected to
cause approximately 250 000 additional deaths per year,
from malnutrition, malaria, dengue (and other vector-borne
diseases), diarrhoea and heat stress. The direct damage
costs to health (i.e., excluding costs in health- determining
sectors such as agriculture and water and sanitation), is
estimated to be between USD 2-4 billion/year by 2030.
Areas with weak health infrastructure — mostly in developing
countries — will be the least able to cope without assistance
to prepare and respond. The key role of adaptation

in addressing these pressing issues should be further
explored. Climate-induced deaths should be avoided by all
available means.

The willingness of different actors to implement adaptive
measures depends on many factors such as knowledge
on risks, evaluation of risks, costs of adaptive measures,
institutional support, and social organization. Social,
institutional and technological lock-ins can slow or prevent
adaptation, while some aspects of transformational change
could facilitate adaptation. Adaptive activities often consist
of a combination of ‘top-down’ policies and ‘bottom-up’ or
community-led solutions.

Climate-driven shifts in species ranges may interfere

with human adaptation strategies, e.g., returning from
monoculture plantations to natural ecosystems may
need different species than were present previously. The
acceptability of many adaptive measures is contested
among scientists, decision makers and the society at
large. Examples include allowing for ecosystem change
(the emergence of “novel ecosystems”) versus trying to
maintain historical ecosystem structure and function;
assisted migration of species; allowing for colonization by
non-local species (including invasive alien species); and
abandoning conservation of species especially “doomed” by
climate change.
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Ethical behaviour with respect to nature (“geoethics”) is

at the core of several discussions regarding adaptation.
The values which underpin appropriate behaviours and
practices wherever human activities interact with the Earth
system play an important role in the awareness of society
regarding problems with biodiversity and NCP. Ethical,
social, and cultural implications of both scientific knowledge
and humankind’s role as an active geological force on the
planet and the ethical responsibility that this implies need
to be addressed in every plan of action (Bobrowsky et al.,
2017). This includes equity issues linked to biodiversity-
related interventions. These are often not distributionally
neutral and have equity implications both within and
between generations.

Considering community-led solutions, several factors

seem to increase adaptive capacity, and management that
maintains and builds resilience of natural systems. Adaptive
capacity depends upon the availability of natural, human,
social, physical, financial and institutional resources, as

can be measured as the ability people have to convert
these resources into useful adaptation strategies (Brooks

& Adger, 2005; Folke et al., 2005; Smit & Wandel, 2006).
The flexibility component (personal, occupational, and
institutional) adds to the measure of the potential of people
and institutions to overcome their present situation and deal
with future conditions (Marshall, 2010). Overall, community
self-organization, leadership, partnership with research and
diversification are major drivers reducing vulnerability and
increasing the adaptive capacity (Martins & Gasalla, 2020).

Successful adaptation policies tend to emphasize:

Incentives to empowering communities to adapt,
including the protection of indigenous cultural values

Education efforts and improved equity in access
to knowledge

Policy-oriented plans of action (adaptation plans) at the
different local scales

The limits of human adaptation, both in absolute and in

rate terms, is dependent on the degree to which we are
able to maintain resilient ecosystems. Unless sufficient
climate mitigation is achieved to allow us to stay within an
adaptive range, then those limits will be breached. The
adaptive space shrinks if we fail to protect biodiversity. Thus,
human adaptation is partly constrained by the evolutionary
adaptation limits of species and ecosystems.
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4.3 CONSTRAINTS AND
LIMITS TO ADAPTATION OF
SPECIES AND ECOSYSTEMS

Species can respond to climate change through
physiological, behavioural and genetic adaptation or by
moving to remain in favourable climates (Arneth et al.,

2020; Bellard et al., 2012). Most species that have been
studied have moved in response to 20" century warming, in
some cases more than 100 km over the last few decades
(IPCC, 2014a; Lenoir et al., 2020). However, many species
ranges have failed to move fast enough to track favourable
climates, in part because rates of climate change exceed
the capacity of many species to move and in part due to
human created impediments to movement such as habitat
fragmentation (Lenoir et al., 2020; Settele et al., 2014).

In cases where they cannot track favourable climates,
species will go locally or globally extinct unless they adapt
(Arneth et al., 2020). Based on modelling studies there

is considerable concern that even climate change of 2°C
will greatly increase the risk of global extinction for many
species because they cannot move fast enough or because
there will be little or no remaining areas with favourable
climates (IPBES, 2019; IPCC, 2018). The vast majority

of these models do not, however, account for important
mechanisms of adaptation (Razgour et al., 2019; Settele et
al., 2014). Substantial capacity for physiological, behavioural
and genetic adaptation has been demonstrated for a few
species, especially species with rapid life cycles (Gaitan-
Espitia & Hobday, 2021), but the capacities and limits to
adaptation for the vast majority of species are not well
known due to lack of sufficient data (Urban et al., 2016;
IPBES, 2019; Razgour et al., 2019).

People can help species and ecosystems to adapt to
climate change in a variety of ways. Most importantly,
adaptation can be substantially improved by slowing the
rate, as well as the ultimate degree of climate change
(Arneth et al., 2020; Lenton et al., 2019). Adaptation

can also be greatly facilitated by reducing non-climate
stressors. Actions like reducing pollution, making sure

that exploitation is at levels that allow for resistance and
resilience and managing invasive alien species can make
substantial contributions to adaptive capacity of species
and ecosystems (IPBES, 2019; IPCC, 2014a). Nature-based
approaches to climate adaptation have been promoted

for most types of ecosystems and focus on risk spreading
and promotion of ecological adaptation processes (Gaitan-
Espitia & Hobday, 2021). Other specific actions that are
common across many species and ecosystems include
assisted migration, where people help species to track
favourable climates (Thomas, 2020); selection of genotypes
that are adapted to projected future climates for use

in intensively managed ecosystems like in agriculture,
aquaculture and some forests (see Section 4.4.1) and by
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restoring and re-creating habitats, possibly in the direction
of species movement (P. Berry et al., 2013). These actions
are not without risks since there is high uncertainty in
future climate projections and because the introduction of
novel species or genotypes (especially genetically modified
organisms) may have unforeseen negative effects on other
species or ecosystem dynamics (Gaitan-Espitia & Hobday,
2021; Libran-Embid et al., 2020; Morecroft et al., 2019).

Ecosystem adaptation is much less well defined than
adaptation at the species level. This is partly because
ecosystems are always in a state of flux in terms of structure
(for example, the identity of species present and their
abundance) and function (for example, water, nutrient and
carbon fluxes). The result is a wide range of perspectives on
adaptation objectives and the most suitable interventions to
enhance ecosystem adaptation to climate change (Morecroft
et al., 2019). At one extreme, the objective of interventions
can be to maintain ecosystem structure, function and
services close to the current state. Many consider this an
unrealistic goal given the observed and projected changes in
all ecosystems due to rising atmospheric CO, concentrations
and climate change (Arneth et al., 2020). At the other
extreme is the perspective that substantial ecosystem
change is inevitable and therefore aggressive adaptation
measures should focus on anticipating and facilitating these
changes (Morecroft et al., 2019; Thomas, 2020). Another
perspective is to avoid “regime shifts” that result in major
changes in ecosystem structure or degradation of ecosystem
function and nature’s contributions to people (IPBES, 2019;
Morecroft et al., 2019; Staal et al., 2020). Two examples
illustrate the differences in these perspectives. Forest
management in the face of climate change can focus on
measures to preserve current plant communities, especially
tree species, versus replacing vulnerable species with climate
change tolerant tree species, versus converting forests to
other types of ecosystems such as short rotation coppice
(see Section 4.4.1). Likewise, coral reef management in

the face of climate change can focus on efforts to maintain
current hard coral species communities, versus introducing
new heat tolerant hard coral species, versus managing

for a shift to non-hard coral dominated communities (see
Section 4.4.3). These approaches to enhancing adaptation
can be contradictory but are not always mutually exclusive
(Morecroft et al., 2019).

Actions to enhance adaptive capacity can be reinforced by
improved monitoring and detection and risk assessment.
To be effective in a context of change and uncertainty,
actions have themselves to be adaptive. The appropriate
governance is based on the implementation of dynamic
adaptation plans (Arneth et al., 2020). This may include
new arrangements for cooperation, improving innovation
and coordination across sectors and governance

scales, improving communication and reinforcing
international cooperation.



4.4 KEY SYSTEMS AND
SECTORS

&.4.1 Terrestrial

4.6.1.1 Forests and forestry

Biome models and Dynamic Global Vegetation Models
(DGVMs) project fundamental, large-scale shifts in the
global distribution of forest types during the 215t century,

as a consequence of climate change. For temperature-
limited forests, poleward and upward (in elevation) shifts
are consistently predicted across models and scenarios
(Settele et al., 2014). Such shifts might be beneficial for
nature’s contributions to people (NCP) delivered by the
forest systems that gain new habitat, but they endanger
species and NCP that depend on non-forested mountain or
tundra habitats (Settele et al., 2014). In the mid- and lower
latitudes, where water availability is a more important driver,
the results from different models diverge more, which implies
large uncertainty (Settele et al., 2014; Martens et al., 2020).

Heat and drought-induced tree mortality has been increasing
in many forest areas across the world (Settele et al., 2014;
Martens et al., 2020), for example, the western U.S. (van
Mantgem et al., 2013; Anderegg et al., 2015), Europe (Senf
et al., 2018) and old-growth Amazon rainforest (Hubau

et al., 2020). In some cases, drought has triggered large-
scale forest dieback, in particular through insect outbreaks
(Anderegg et al., 2015; Schuldt et al., 2020). Under a high
greenhouse gas emission scenario, the Amazon rainforest
might face a tipping point with massive forest loss (Lyra

et al., 2016). Here, climate-driven forest die-back might

be reinforced by a negative feedback from anthropogenic
deforestation on precipitation (Lovejoy & Nobre, 2018). Rising
atmospheric CO, concentrations might ameliorate drought
effects to some extent since it increases water use efficiency,
but strong effects on tree vigour and mortality under extreme
drought are unlikely (Allen et al., 2015; Walker et al., 2021).

It will be a major challenge for the forestry sector to adapt

to the impacts of climate change. Observations increasingly
show that current forestry practices cannot maintain the
societal benefits historically provided by forests (e.g., Schuldt
et al., 2020). Projections of future climate change impacts

on forestry are mostly negative. For Europe, e.g., economic
losses of up to several hundred billion Euros until the end of
the century have been predicted based on climate-driven
species distribution models (Hanewinkel et al., 2013).
Negative impacts of climate change are even expected for
cold boreal regions in Northern North America, where warmer
temperatures and longer growing seasons have increased
vegetation productivity (Zhu et al., 2016) and positive impacts
on timber production and the forestry industry might be
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expected. However, in large parts of Canada, the warming
trend has been accompanied by increasing drought stress,
fire disturbances and insect damages, leading to increasing
mortality in particular of late-successional economically
important tree species. Therefore, it is expected that climate
change will have negative economic impacts on forestry in
Canada (Brecka et al., 2018).

Extreme fires, i.e., fires that are of larger extent or greater
intensity than were the expectation in the past, are also an
important threat to forest ecosystems. Even though the total
global burned area might have decreased during recent
decades (Andela et al., 2017), increases in extreme fires
have been observed in several regions, such as the western
U.S. Bowman et al., 2017) and Australia, where fires during
the 2019/2020 fire season were the largest recorded in
temperate Australian forests since European settlement
(Nolan et al., 2020). Future weather-driven fire risk is
expected to increase (Bowman et al., 2017; Lange et al.,
2020), but large uncertainties in the representation of human
impacts on wildfire in DGVMS (Teckentrup et al., 2019) are
a challenge for future predictions of the burned area (Lange
et al., 2020). Both fire ignitions and effects on society will
also be strongly influenced by future urbanization dynamics
(Knorr et al., 2016).

A large number of potential adaptive strategies exist for
managing forests in order to maximize resilience and NCP
(see Table 4.1 for examples). Many of these have positive
effects on biodiversity but some have negative or poorly
known impacts on biodiversity and are hampered by large
uncertainties. Promoting genetic and species diversity in
order to spread risks appears to be crucial in most forest
systems. Field and modelling studies have confirmed the
common notion that tree species or functional diversity
often positively affect forest productivity and carbon storage
(Hulvey et al., 2013; Huang et al., 2018), resilience to
climate change (Sakschewski et al., 2016; Hutchison et al.,
2018), and multiple NCP (Gamfeldt et al., 2013; van der
Plas et al., 2016), even though, under certain conditions,
such as small environmental changes, monocultures can
produce the highest timber yields and short-term economic
revenues. Furthermore, communities in developing countries
that depend on forests for subsistence, tend to use many
different species for, e.g., their edible fruits, fuelwood supply
and medical purposes (Roberts et al., 2009; Heubach et
al., 2011). Thus, they rely on a higher tree diversity than
commercial forestry operations and face different adaptation
challenges (Roberts et al., 2009). As a more technological
measure, genetic engineering of trees has increasing
potential to improve productivity, wood quality and resistance
to biotic and abiotic stresses, which in many areas will be

of increasing importance under climate change. However,
due to the anticipated risks, limited societal acceptance
and regulatory hurdles, field research and commercial
applications have been limited so far (Chang et al., 2018).
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Table @ €) Examples of major adaptation measures in the forestry sector.

Note that local conditions might differ from the generalisations made here.

Adaptive strategy

Comment

Impact on biodiversity

Persistence of current forest
types

Local adaptation through
natural regeneration

Promoting mixed stands instead
of monocultures

Assisted migration’

Introduction of non-native
species?

Fire management

Shorter rotation periods

Reducing stem density and
water demand

Reducing non-climate stressors

Trees are locally adapted and acclimatized and often have high
phenotypic plasticity and, thus, capacity to adapt (Bussotti et al.,
2015).

Intraspecific (genetic and phenotypic) variability at a given site is
often higher than the variability among sites. Therefore, natural
regeneration can lead to local adaptation and high functional
diversity. (Bussotti et al., 2015).

Mixed forests appear to be more resistant, at least, to small-scale
natural disturbances (Jactel et al., 2017). Diversity in terms of
hydraulic strategies increases ecosystem resilience during drought
(Anderegg et al., 2018).

Can contribute to forest resilience (Bussotti et al., 2015), but
appropriate choices of source regions differ between climate
scenarios, implying large uncertainties (Broadmeadow et al., 2005;
Williams & Dumroese, 2013).

Larger choice of appropriate species and provenances than with
assisted migration, but similar challenges and potentially higher risk
to introduce new forest pests (Liebhold et al., 2012; Lovett et al.,
2016).

Reducing fuel loads with regular prescribed burning or increased
thinning can reduce fire severity, but effects are system-specific and
debated (Bowman et al., 2021).

Can lower risk from windstorms and increasingly novel climates.
Can compensate for accelerated stand development in regions with
temperature-limited tree growth. (Kolstrém et al., 2011).

Can mitigate drought effects (Kolstrédm et al., 2011; Cabon et al.,
2018; McDowell & Allen, 2015), but changes in stand integrity can
also have adverse effects on trees (Kolstrém et al., 2011).

Reducing forest exposure to stressors like ozone and high nitrogen
deposition can enhance forest resilience to climate change. In some
areas, a reduction of sulfur dioxide (SO,) and nitrogen oxides (NO,)
emissions, which result in soil acidification, can also enhance forest
resilience.

Positive if current forest types
are viable under climate change,
negative if climate-driven forest
dieback leads to habitat loss.

Positive as natural regeneration
processes often lead to high tree
species and vegetation structural
diversity.

Positive as forest resilience
increases and mixed stands
provide more different habitats.

Positive or negative, depending
on specific circumstances.

Mostly negative as fewer species
are adapted to non-native

tree species far away from the
planting region (Ennos et al.,
2019; Potzelsberger et al., 2020).

Positive if mimicking natural fire
regimes and catastrophic fires
can be prevented.

Mostly negative as older trees
provide valuable habitats. Also
reduces the forest carbon stock.

Positive if forest persistence
under climate change is
promoted.

Positive

1. Defined as movement of species and populations to facilitate natural range expansion in direct management response to climate change (Vitt
et al., 2010). The implication is that these are nearby species who cannot reach the area of preferred climate because they are two slow to
disperse or are blocked by habitat fragmentation.

2. Defined as the introduction of tree species from distant locations e.g., from other continents, that would not reach the target area without being

brought there by people.

The long lifespan of trees makes adaptation in the

forestry sector particularly challenging. Forests planted

or regenerated today should be viable under the present
climate and, at least, decades of future climate, whereby
future changes in precipitation and drought stress are
extremely uncertain in most areas (IPCC, 2019a). Even
adaptation to warmer temperatures alone might be
challenged by the occasional occurrence of cold winters,
which sets a limit for assisting migration of species from the
south (Bussotti et al., 2015). Furthermore, sudden large-
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scale tree mortality through forest pests (Weed et al., 2013;
Anderegg et al., 2015) is very difficult to predict with current
forest or vegetation models. This applies in particular to

the effects of potentially invasive forest pests (Hurley et al.,
2016; Seidl et al., 2018). Finally, it is difficult to predict the
market for timber products decades in the future. The large
uncertainty in future climate projections and the impacts

on forestry have been a major obstacle to adaptation. For
example, without confidence in certain potential adaptation
measures, forest owners in Central Europe are often



inclined to continue with business as usual (Brunette et
al., 2020).

Nature-based solutions and promoting natural adaptation
processes are central for climate adaptation in forest
ecosystems. The large uncertainties in future climate
projections imply that risk spreading (e.g., planting different
tree species and provenances, avoiding large even-aged
stands) and promoting the capacity of forest ecosystems
to adapt (e.g., through natural regeneration) are options
with high priority. Such a diversification of our forest
landscapes would have strong co-benefits for biodiversity
and many NCP.

Assisted migration and the introduction of non-native
species and provenances can contribute to risk spreading
and forest resilience but are subject to large uncertainties.
Monocultures of non-native species have mostly negative
effects on biodiversity, in particular when diverse tropical or
subtropical forests are replaced with single species (e.g.,
Cazetta & Zenni, 2020; Valduga et al., 2016) often with a
very narrow genetic base, such as a particular cultivar or a
hybrid clone. It has even been argued that non-native trees
should generally be avoided in native woodlands where the
protection of biodiversity or recreation are important goals
(e.g., Brundu et al., 2020).

The promotion of risk-spreading in forest management
practices implies a fundamental paradigm shift, as the
maintenance of forest ecosystems becomes more important
than maximizing shorter-term economic gains, which

are often higher from large-scale monocultures. Current
economic incentives primarily reward the production of
timber and other biomass-based products and do not
reflect the multitude of NCP that forests provide, such as
soil protection, water purification as well as microclimate
and global climate regulation. Economic incentives and
regulations might need to be re-designed to achieve efficient
adaptation with co-benefits to biodiversity. This also implies
that it is crucial to embrace indigenous and local knowledge
in adaptation planning (IPBES, 2019).

4.6.1.2 Agriculture

Agriculture is extremely climate-sensitive; thus adaptation

is essential, but will take a variety of forms across regions
and types of agriculture (IPCC, 2014a, 2019a). Negative
impacts of climate change are generally related to increased
drought, heat stress, other climate extremes (e.g., late frost,
hailstorms, etc.) and pressure from climate change effects
on pathogens and insect pests. Positive effects arise from
rising CO, concentrations and more favourable climates in
areas where production was previously limited, especially
by low temperatures. This explains why crops, livestock and
grasslands are generally projected to be negatively affected
in tropical regions and positively affected in high latitude
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systems over the coming decades (IPCC, 2019a). Towards
the end of the 215 century at moderate to high levels of
greenhouse gas emissions, negative impacts are projected
to become more widespread and affect a large proportion of
areas that currently provide most of the world’s food (IPCC,
2014a, 2018, 2019a, 2020).

Projections of climate change impacts on agriculture
remain highly uncertain, especially in relation to changes in
precipitation and the effects that climate change has on the
frequency and magnitude of extreme events (Ben-Ari et al.,
2018; IPCC, 2014b). As such, it is important to distinguish
adaptive responses that focus on adaptation to commonly
anticipated changes in climate such as increasing water
and heat stress, versus adaptation focusing on enhancing
resilience to unpredictable and highly variable climate (i.e.,
“bet hedging”). Adaptive responses based on projected
changes in climate, especially when relying on a single
scenario or average projections, run a substantial risk of
being maladaptive, in part because of the unpredictable
nature of future climate and its impacts (Beillouin et al.,
2020), whereas resilience-oriented adaptations are less likely
to be maladaptive, but often involve production trade-offs.

There is already a tremendous amount of thought about
climate change adaptation in agriculture (IPCC, 2014a,
2019a; FAO, 20192, 2019b). There are also many programs
already in place to encourage the adoption of practices
that would increase adaptive capacity in agriculture
including livestock husbandry. Initiatives around “climate-
smart” agriculture are a good example of this (World Bank
Group, 2015; FAO, 2019a, 2019b; but see limitations

to this approach in Taylor et al., 2017). “Climate-smart”
approaches can contribute to enhancing biodiversity in
agricultural landscapes, climate mitigation, and reduction
of overall environmental impacts of agriculture, and so are
frequently presented as win-win solutions (FAO, 2019a).
These adaptive responses can occur at many levels ranging
from the farm and field level, to landscape levels, to global
scales, with important interactions between these scales.
For example, adaptive responses that reduce agricultural
productivity per unit area in one part of the world may
have indirect effects on biodiversity by increasing the area
used for agricultural production in other parts of the world.
In addition, global trade in agricultural commodities is a
major determinant of agricultural practices at local and
national levels.

Much of the scientific literature and actions on climate
adaptation in agriculture focuses on management
responses at the farm and field scales (Aguilera et al., 2020;
FAQO, 2019a, 2019b; IPCC, 2014a; Smith et al., 2019;
Stringer et al., 2020; van Wijk et al., 2020; Wiederkehr

et al., 2018; World Bank Group, 2015). At the level of
farmers this often emphasizes managing real and perceived
short- and long-term risk and the costs of implementation
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of adaptation strategies (Acevedo et al., 2020; Gardezi
& Arbuckle, 2020; Ju et al., 2020; Smith et al., 2019;
Waldman et al., 2020).

Recognition that agrobiodiversity contributes to the
resilience and social benefits of agricultural systems is
common in many traditional farming systems (FAO, 2019c;
Jackson et al., 2012). Mobilizing biodiversity and natural
ecological functions to replace chemical inputs, embodied
in agroecological practices, is drawing increasing attention
as alternatives to conventional agricultural systems that are

heavily dependent on chemical inputs (Doré et al., 2011;
FAO, 2019c), and these practices also frequently contribute
to improving climate adaptation capacity (FAO, 2019a,
2019b, 2019c¢). There are, however, strong economic

and socio-technical barriers to the adoption of practices
that favour agrobiodiversity in many contexts (Jackson

et al., 2012). These could be addressed by economic
mechanisms such as payments for ecosystem services that
overcome market failures (Narloch et al., 2011) and systemic
approaches to creating transformative change in agrifood
systems (Caron et al., 2018; Meynard et al., 2017).

Table @ ) Measures at field to regional scales that can enhance the adaptive capacity of

agricultural production systems.

The table is divided into two parts: €) Biodiversity-based measures aim to increase resistance and resilience of agricultural
ecosystems and reduce environmental impacts by mobilizing biodiversity to replace chemical inputs with ecological functions.
These measures often increase climate adaptation capacity. @ Technical and technological solutions that focus more
specifically on climate adaptation and are not biodiversity-based. This portion of the table also includes observed and projected
societal responses in agricultural systems to climate change. Note that implementation of biodiversity-based measures often
involves technical, technological and social innovation. Summarized from (FAO, 2019a, 2019¢, 2019b; IPBES, 2019; IPCC,
2019a; Smith et al., 2019; Doré et al., 2011; Landis, 2017).

Adaptive

strategy

Comment

Impact on biodiversity

o Biodiversity-based strategies

Agroecological
practices

Agroforestry

Improving soil

Increasing crop and livestock diversity including by using varietal mixes, more
complex crop rotations, intercropping, wild relatives for crop and livestock
selection, on-farm crop selection, and integrated farming (combining livestock
raising with crop and fodder production) have several advantages for climate
adaptation especially risk spreading. They also have other advantages
including reduction of susceptibility to disease and insect pest attacks.

Mixing trees with crops can reduce water and thermal stress for crops in
many situations and provides risk spreading if trees or shrubs are used for
diversifying income and livelihoods.

Reducing tillage, using less pesticides and increasing organic material

biodiversity input enhances the abundance and diversity of soil organisms, and
and health participates in making soils more resistant and resilient in the face
of climate change. Combating desertification and soil degradation
through management of grazing pressure, vegetation restoration and
soil conservation practices at landscape to regional scales can enhance
resilience in the face of climate change.
Organic Organic agriculture is not primarily a climate adaptation strategy; however,
agriculture it does typically aim to improve soil health and employ higher crop diversity
which can contribute to greater adaptive capacity.
Managing At the landscape level, agricultural productivity and socioecological
landscape resilience to climate change and other stressors can be achieved through
heterogeneity = managing the diverse landscapes such as Satoyama in Japan and Hani

Terrace in China.

Agroecological practices are intended
to reduce environmental impacts and
many practices are based on reinforcing
biodiversity.

Enhancing biodiversity is often one of the
objectives of agroforestry.

Soil conservation measures can have large
benefits for soil and non-soil biodiversity if
done wisely.

Biodiversity is generally higher in landscapes
with a substantial fraction of organic agriculture.
However, organic farming practices often
reduce productivity per unit area that can lead
to biodiversity impacts elsewhere.

Managing landscape heterogeneity can be
a very important component of maintaining
and restoring culturally important aspects of
biodiversity and NCP.

@ Technical and Technological Actions and Societal Adaptations

Improvements  Measures to improve the amount of water used to produce crops such as
in irrigation precision irrigation or “Alternate Wetting Drying (AWD)” rice can support
efficiency adaptation to increased water stress under climate change.

Increasing Increasing irrigation capacity is a common strategy to enhance climate
irrigation adaptive capacity, but has numerous potential drawbacks including long-
capacity term soil salinization, environmentally harmful levels of water abstraction

and creating water use conflicts.

Improved irrigation efficiency can potentially
be beneficial for biodiversity by reducing
water abstraction from rivers, streams and
lakes, although in practice it frequently does
not (Grafton et al., 2018).

Irrigation strategies involving building

dams or increased water abstraction pose
considerable risks for freshwater biodiversity
(see Section 4.4.2 on freshwater).



Table @

Adaptive

strategy
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Comment

Impact on biodiversity

GM crops pose a wide range of environmental
risks including spread of genes to wild
relatives. For example, genes from drought
resistant GMO crops could spread to wild
relatives, altering their competitive ability and
thereby impacting biodiversity and ecosystem
functioning (Liang, 2016).

The impacts of precision agriculture on
biodiversity are rarely considered, but
appropriately used can enhance biodiversity
in agricultural settings (Libran-Embid et al.,
2020).

Mobile livestock keeping can contribute

to sustainably using natural resources

(e.g., grass, water). However, the merits of
maintaining mobility (e.g., transhumance) vs.
sedentarization is still a disputed question
among scientists and policymakers.

Fire is a major driver of ecosystem function
and biodiversity in many grazing lands and
should be accounted for in climate adaptation
strategies.

Shifts in location are likely to have very large
impacts on biodiversity and society, but
the likelihood of large-scale shifts and their

Genetically GM crops that are more heat and water stress tolerant, as well as crops

Modified that use water more efficiently are commonly proposed technological

Crops (GM solutions to climate change adaptation.

crops)

Precision Precision agriculture, such as remote sensing and/or robots to target

agriculture fertilizer, pesticide and water use is often presented as playing a major role
in climate adaptation as well as a means to reduce environmental impacts
of agriculture.

Mobile Mobile livestock keeping, which is common in Africa and Central Asia,

livestock helps pastoralists to adapt to the climate change and weather extremes

keeping such as droughts and snowstorms.

Fire Fire management strategies can help avoid excessively frequent or intense

management in fire which are projected to become a more significant problem under

grazing lands climate change in many areas.

Shifts in the Shifts in the location of agricultural activities, either land abandonment due

location of to unfavourable climate or transformation of new areas for agricultural use

agricultural in areas where climate becomes favourable or is projected to be in the

activities future(Mendelsohn & Dinar, 2009; Liu et al., 2015).

Adaptive strategies are often most successful when
approached integratively. Nature-based solutions, technical
and social innovation can be highly complementary. For
example, on Mount Kilimanjaro, Tanzania, agroforestry
combined with diversification of agriculture and improving
irrigation efficiency led to greater resilience to climate risk,
spread economic risk, improved income, and enhanced
several other ecosystems services (e.g., climate mitigation,
watershed protection, FAO, 2019b). However, it is important
not to oversell win-win aspects of integrated adaptation
strategies since all adaptive solutions have drawbacks for
some actors.

As a broad generality, there is an emphasis in the agri-food
industry on technical solutions to climate change such as
biotechnology for crops and livestock, precision agriculture,
etc., versus resilience and risk spreading measures, in

part because the later often rely on social and technical
innovation rather than marketable technological innovations
(Meynard et al., 2017). There are many barriers to adoption
of climate adaptation in agriculture practices, including
behavioural response of farmers (especially perception of
risk) and consumers, information for farmers, institutions,
subsidies (Gardezi & Arbuckle, 2020). Socio-technical
lock-ins in food systems often greatly constrain adaptive
response and tend to favour solutions that fit into current

impacts are not well understood due to the
complex interplay between social, economic,
technical and environmental factors
underlying such major transformations.

paradigms such as increasing drought resistance of current
crop types, improving or adding irrigation (Gardezi &
Arbuckle, 2020).

It is necessary to consider adaptive strategies in agriculture
in the broader context of the food systems which they
supply. Diets with modest portions of meat and reductions
in food loss can ease pressure for increasing productivity
to feed a growing and more affluent human population,
which generally makes implementing adaptive solutions
easier (IPBES, 2019; IPCC, 2019a, 2019b). Demand from
consumers and constraints in the food supply chain also
drive changes in agricultural practice: this can provide
incentives and disincentives for biodiversity friendly adaptive
measures in agriculture. For example, shifts in emphasis

to local food supply chains in some regions can have both
liberating and constraining effects on adaptive response
(Caron et al., 2018).

4.6.1.3 Other terrestrial Systems

Table 4.3 summarizes major challenges to natural
adaptation and nature-based solutions for climate
adaptation in terrestrial biomes that cover large areas of
the globe other than the forest and agricultural ecosystems
addressed above. In most of these biomes, climate
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adaptation measures typically focus more on biodiversity
conservation and on regulating and non-material nature’s
contributions to people (NCP), and focus less on material
NCP than forests and agricultural systems. Likewise, human
intervention in these biomes is often absent or minimal, in
part due to low human population densities. For example,
Arctic and mountain tundras cover 14 Mkm?, are home to
160 million people and only 5% have been converted to
agriculture (IPBES, 2019). Deserts and semideserts cover
28 Mkm?, are home to 788 million people and only 8% has
been converted to agriculture. This can be compared with
tropical and subtropical forests that cover 28 Mkm?, are
home to 2.9 billion people and 22% have been converted to
agriculture. The vast areas of these biomes and low levels
of human intervention mean that adaptation will primarily

depend on ecological adaptation. Human-led interventions
to enhance adaptation may be locally important but affects
small areas relative to the overall size of the biome. A
notable exception to this is grasslands and savannas which
often have moderate to high provisioning NCP value and
moderate to strong human intervention, in particular related
to livestock grazing, management of large populations of
wild grazers or management of fire. See Section 4.4.2 for
discussion of adaptation in grasslands used intensively or
extensively for livestock grazing. In all cases, reductions

in non-climate stressors such as land use change, land
degradation, invasive species, pollution and resource
extraction can make substantial contributions improving
climate adaptation capacity.

Table @ €) Adaptation challenges and measures for key terrestrial biomes.

The first column highlights risks and constraints on ecological adaptation to climate change (Box 4.1). Human-led adaptation
measures in this table focus on nature-based solutions to reduce impacts on biodiversity and nature’s contributions to people.
Biome classification is based on IUCN (IUCN, 2020) which is very similar to the IPBES “units of analysis” (IPBES, 2019).

See Box 4.1 for the definition of nature-based solutions used in this report.

Ecological adaptation: Risks and
constraints

Nature-based solutions

References

Polar - alpine: o
Arctic Tundra

Very high rates of climate change in

many areas

¢ |nvasion by woody vegetation

e Tipping points especially related to loss
of permafrost and snow cover

e Limitation by non-climate factors such
as daylength

¢ Slow regeneration following disturbance

® Pressures such as accumulation

of pollutants

Loss of area as species move up

in altitude

¢ Tipping points related to loss of snow
cover, permafrost and glaciers

e Limitation by non-climate factors such
as soils

e Slow regeneration after disturbance

Polar - alpine: o
Mountain

Grasslands & ® Pressure from habitat destruction
Savannas and fragmentation

(see Section * Invasion by woody vegetation due to
4.4.1.2 for land management and rising CO,
discussion of ¢ Environmental limitation by non-

climate factors
e Large areas of savannas close to climate
tipping points (see Section 6)

livestock grazing)

Deserts & ©
Semideserts

Many species may already be at the
edge of climate adaptation limits

* Regeneration is slow

following disturbance

Shrublands * Pressure from land use change
& shrubby and fragmentation is very high in
woodlands many regions
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¢ Rewilding with large herbivores (IPCC, 2014a,

¢ Herding of managed species such as reindeer 2019a, 2019c;
to maintain short stature vegetation Section 6)

— very limited in area compared to global extent of

these biomes

e Assisted migration (IPCC, 2014a,

Grazing by livestock
Rewilding

2019b; Section 6)

— limited in area compared to global extent of
these biomes

Protect remaining semi-natural areas
Maintain and restore connectivity
Active and passive restoration
Wildlife grazing management

Fire management

(IPBES, 2018),
(IPCC, 2019a),
(IPCC, 2014a)

(IPBES, 2018),
(IPCC, 2019a),
(IPCC, 2014a)

Wildlife grazing and fire management especially
in semideserts

Active and passive restoration

Soil protection and management

Restore hydrological function

—all very limited in area compared to global extent
of deserts

Fire management
Passive and active restoration

IPCC, 2014a)



&4.L.2 Freshwater systems

Global climate change is recognized as a threat to species
survival and ecosystems health (Erwin, 2009). Aquatic
ecosystem’s biodiversity in particular has been declining
worldwide over the last century with climate change
becoming an additional pressure, especially in regions
already characterized by water deficit (Lefebvre et al., 2019).
Climate change will therefore make future efforts to restore
and manage wetlands more complex. Since the IPCC AR5
report (IPCC, 2014a), many adaptation plans and strategies
have been developed to protect species, ecosystems and
their benefits to people, but there is limited evidence of the
extent to which adaptation is taking place and even less
evaluation of its effectiveness.

4.6.2.1 Rivers and streams

Restoring riparian vegetation, streambeds and wetlands

— Responses in freshwater species are strongly related to
climate driven changes in the physical and hydrological
environment, including increased water temperature and
reduced ice cover, timing of runoff and peak flows or loss of
connectivity in rivers. Catchment Adaptation Framework can
enable river basin management to systematically assess the
adaptation options for better decision-making (Lukasiewicz
et al., 2016). Apart from catchment adaptation, the use of
formal decision support systems such as Bayesian belief
networks (Gawne et al., 2012) and multi-criteria decision
analysis (Zsuffa et al., 2014), which are easily iterated with
updated information, may prove useful in the adaptive
management of wetlands within the context of climate
change. Hydrological modelling also plays an important

role in facilitating strategic decision-making concerning
environmental response and in developing adaptation
strategies to climate change as well as policies for hazard
mitigation (Ghazal et al., 2019).

Riparian ecosystems are likely to play a critical role in
determining the vulnerability of natural and human systems
to climate change, and in influencing the capacity of

these systems to adapt (Capon et al., 2013). The need

for planned adaptation of and for riparian ecosystems

is likely to be strengthened as the importance of many
riparian ecosystem functions, goods and services will grow
under a changing climate (Palmer et al., 2009). Riparian
restoration often begins with the removal of stressors

that have altered the system. Here science may or may
not be needed to identify the stressor (e.g., grazing), and
once identified, simply altering or removing it (i.e. passive
restoration) may be all that is needed for restoration
(Palmer et al., 2016). One should also recognize that most
stressors and drivers of wetland and riparian systems

are interactive or synergistic (Patten, 2016). For example,
while riparian zones can cross climate gradients, many

of which are being impacted by climate change, they
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also create microclimates for the vegetation, reducing
environmental heterogeneity (Hopley & Byrne, 2019).
Species with differing distributions in these environments
provide an opportunity to investigate the importance of
genetic connectivity in influencing signals of adaptation
over relatively short geographical distance (Wang &
Bradburd, 2014). Thus, successful long-term restoration
and management of wetlands ecosystems amid climate
change impacts depend on how we choose to respond to
the effects of climate change (Erwin, 2009).

Wetland habitat responses to climate change and the
implications for restoration will be realized differently on a
regional and mega-watershed level, making it important to
recognize that specific restoration and management plans
will require examination by habitat (Erwin, 2009). Wetlands
and their riparian or floodplain forests store, distribute and
hold water in ecosystems and whole landscapes (Haase,
2017). For this reason, nature-based solutions are good
options for wetlands. Wetlands and riparian forests are very
efficient spaces for water and matter regulation, pollutants
fixation and flood water retention. Thus, particularly

for dense urban areas, they represent almost perfect
nature-based solutions for risk mitigation and adaptation
concerning climate extremes that result in floods and
droughts. Nature-based solutions (NbS) are most often used
as a term to signify an approach for increasing resilience

to the impacts of climate change and has been a focus in
climate mitigation and adaptation projects (Ruangpan et
al., 2020). Today, nature-based solutions are increasingly
adopted as a measure for facilitating climate change
mitigation and adaptation, for reducing flood risks, and for
enhancing urban ecosystems (Cohen-Shacham et al., 2016;
Denjean et al., 2017; Debele et al., 2019).

For example, in the United Kingdom, flood control has

been done using NbS. The project involved working

with landowners to create in-channel, riparian, field, and
woodland structures aimed at attenuating high flows or
increasing infiltration rates to reduce flood risk. Early results
suggest that social, as well as natural, capital has been
enhanced through the project (Short et al., 2019). NbS can
combine technical, business, finance, governance, and
social innovation, bringing together established ecosystem-
based approaches, such as ecosystem services, green-blue
infrastructure, ecological engineering, and natural capital
(Nesshover et al., 2017). In Slovenia, practitioners and
policymakers have realized that grey infrastructures may

not be the most suitable solution to reduce flood risk, but
rather a shift from grey solutions to nature-based solutions is
required (Zwierzchowska et al., 2019).

Restoring environmental flows and connectivity — The
deteriorating condition of riverine and wetland ecosystems
and loss of freshwater biodiversity resulting from water
infrastructure impacts, water extraction, and altered flow
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regimes has led to a need to restore environmental flows in
order to protect the health of the river and its biodiversity
(Andersson et al., 2018). The types of interventions for
restoration depend on the extent to which functionality
has been lost and the desired endpoints. Interventions
can range from allowing natural regeneration to much
more invasive measures including physical reconstruction
of riverbeds (Figure 4.2). The science and practice of
environmental flow management has a long history as

an approach to protect and recover aquatic biodiversity,
ecosystem integrity and NCP (Matthews et al., 2014).

An important new element of the Declaration and Action
Agenda is the emphasis given to full and equal cross-
cultural participation for people of all cultures, and
respect for their rights, responsibilities and systems of
governance in environmental water decisions (Arthington
et al., 2018; Jorda-Capdevila & Rodriguez-Labajos, 2017).
The Global Action Agenda (2018) makes 35 actionable
recommendations to guide and support implementation
of environmental flows through legislation and regulation,
water management programs, and research, linked by
partnership arrangements involving diverse stakeholders
(Arthington et al., 2018).
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Dam construction for water storage and flood prevention:
Many densely populated cities are prone to inundation and
existing infrastructure may not be resilient enough facing the
increased peak flows that may occur with climate change.
As such, many approaches to adaptation against floods
have been proposed: The operation of water infrastructure
may disrupt the natural movement of water and may change
important hydrological indicators such as water level rise
and fall rates, flooding extent and extreme (annual, seasonal
and monthly) water levels (Dang et al., 2016).

Across sub-Saharan Africa for example, there is increasing
dependency on wetland ecosystem services among poorer
and vulnerable people in rural areas. The sustainable use of
wetlands therefore requires a social-ecological catchment
wide management approach that balances livelihood
needs with environmental sustainability (Dixon et al., 2021).
Across Africa, Wetland Action’s ‘Functional Landscape
Approach’ (FLA), which has been developed over two
decades of action research among wetland communities,
is an important innovation for wetland management and

a potential means of addressing this existential challenge
of increased use of wetlands across sub-Saharan Africa.
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Figure @ @ Conceptual model of ecosystem degradation and responses to it through restoration.

Adopted and modified from Keenleyside et al. 2012 with permission from Parks Canada.
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The FLA essentially draws upon a holistic, social-ecological
systems view of the dynamic relationship between people
and the environment, in both space and time.

Changing irrigation and other types of water abstraction.
An increasing number of nations are becoming aware of
the pressures that ever-changing economic conditions,
ever-changing technologies, population growth and ongoing
climatic change are placing on their water management
regimes (Young, 2014). It is estimated that urban water
demand will increase by 80% by 2050, while climate change
will alter the timing and distribution of water (Florke et al.,
2018). Changing agricultural practices can therefore be

an effective climate adaptation strategy (Davidson, 2016).
Improving irrigation efficiency could effectively deal with
changing global water endowments, especially if achieved
via farmers adopting new behaviours and water efficient
practices rather than through large-scale infrastructural
interventions. Well-designed adaptation processes such as
community-based adaptation can be effective depending
upon context and levels of vulnerability. It is therefore
appropriate to replace the existing water abstraction
management regime with one that is designed specifically
to enable the cost-effective management of the many
challenges that increasing water scarcity brings to a region
(Young, 2014).

Improved irrigation efficiency has been cited as an important
way to adapt to climate change (Frisvold & Bai, 2016;

Joyce et al., 2011). However there exists significant regional
disparities in vulnerability to climate change in the irrigation
sector as experienced across Europe (Garrote et al., 2015).

4.6.2.2 Lakes and ponds

Lakes and associated wetlands are inherently dynamic
systems. In their native state, they are constantly adjusting
to changes in sediment and water inputs by laterally
migrating across the landscape and by changing the depth,
width, and sinuosity of their channels (Hohensinner et

al., 2018).

For this reason, actions to restore or protect wetlands,
floodplains, and riparian areas can help moderate or reduce
stream temperatures, alleviate the flooding and scouring
effects of extreme rainfall or rapid snowmelt, improve habitat
quality, and enable species migrations (Shannon et al.,
2019). To be effective, management must be place-based
focusing on local watershed scales that are most relevant to
management scales. The first priority should be enhancing
environmental monitoring of changes and river responses
coupled with the development of local scenario-building
exercises that take land use and water use into account.
Protection of a greater number of rivers and wetlands
corridors is essential, as is conjunctive groundwater/surface
water management (Palmer et al., 2009). Adaptation actions
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may thus occur in legal, regulatory, institutional, or decision-
making processes, as well as in on-the-ground conservation
activities (Meffe et al., 2002).

Changing fisheries management: Fisheries managers

have a long history of adapting management strategies

to changing environmental and social conditions. Climate
change is adding to the suite of uncertainties influencing fish
populations and their response to management (Hansen et
al., 2015). Adaptation can thus be facilitated by forecasting
future climate conditions. However, such predictions are
fraught with uncertainty (Capela Lourengo et al., 2015).
Therefore, our capacity to manage fisheries under a
changing climate relies solely on reasonably accurate future
predictions of ecological conditions but, more important,

it depends on our ability to manage ecosystems in a way
that buffers against some of these predicted changes by
using a management structure designed to adapt to rapidly
changing ecological and social systems. Managing for
resilient systems requires collaboration between fisheries
management and a wide range of partners focused on land
use, policy, and human systems.

In capture fisheries, adaptation involves adjusting

fishing pressure to sustainable levels. Setting catch

limits based on changes in recruitment, growth, survival
and reproductive success can be done via adaptive
management, monitoring and precautionary principles (Das
et al., 2019). For example, conceptualizing the fisheries
of Lake Victoria as a complex adaptive social-ecological
system (SES) is a step towards a more holistic, ecosystem-
based approach to fisheries management in the basin
that considers humans to be a part of “the environment.”
This means that reducing vulnerability and enhancing the
adaptive capacity of Lake Victoria as a SES is essential
for coping with future climate change. Key strategies

to implement SES include: protecting and enhancing
biological and occupational diversity, reducing pollution,
reducing gender disparities (Whitney et al., 2017),
accounting for the social and environmental externalities
of Nile perch exports (Johnson, 2010). This may also
require changes in vessel or gear types if new fisheries
opportunities become available. Other issues could
include transboundary issues if populations move into
other territorial waters. This will require cooperation and
discussion between neighbouring countries and regions,
including developing or modifying fishing agreements and
collaborative management. Additionally, adaptation in
fisheries and aquaculture can include a variety of policy
and governance actions, specific technical support

or community capacity building activities that address
multiple sectors, not just capture fisheries or aquaculture
farmers. Adaptation activities may be addressing short- or
long-term impacts. Table 4.4 lists adaptations to specific
impacts such as reduced yields and profitability and
increased risk.
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Table @ ) Potential adaptation measures in Fisheries and Aquaculture (based on Shelton, 2014).

Adaptation measure

Reduced yields

Increased yield
variability as ecotourism)

Precautionary management

Shift to culture-based fisheries

Reduced
profitability

Change aquaculture feed management
Shift to culture-based fisheries
Increased risk Adjustments in insurance markets
Insurance underwriting

Weather warning systems
Improved communication networks

Improved vessel stability/safety
Compensation for impacts

Increased .
vulnerability for o
those living near e Early warning systems and education
rivers and lakes e Rehabilitation and disaster response
L]
increased storm damage)
e Post-disaster recovery
L]

&.4.3 Marine systems

Exploitation of biologically produced marine resources
depends heavily on harvesting natural systems (fishing,
harvesting of shellfish, seaweed), although the contribution
of food from aquaculture now exceeds that of fishing, albeit
from a much smaller area of the ocean. Ocean ecosystems
contrast with those on land and in freshwater in the degree
to which they are managed. A far smaller proportion of the
ocean is actively managed for production of resources than
is the case on land (Chen et al., 2018).

Climate change impacts specific to ocean ecosystems
pose particular challenges for adaptation. Reduced primary
productivity in low latitudes through reduced surface
nutrients and increased productivity at high latitudes

due to increases in light with sea ice loss and deepening
mixed layers are likely to have consequences for fisheries
(IPCC, 2014a). Hypoxia in coastal oxygen minimum
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Diversify livelihoods, markets and/or products
Exit fishery Reduce costs to increase efficiency

Access higher-value markets Increase fishing effort (risks overexploitation)

Shift aquaculture to non-carnivorous commodities

Selective breeding for increased resilience in aquaculture

Moving/planning siting of cage aquaculture facilities

Change aquaculture feed management: fishmeal and fish oil replacement; find more appropriate feeds
Migration as fish distribution changes (risks overexploitation)

Research and investments into predicting where fish populations will move to (risks overexploitation)
Improve water-use efficiency and sharing efficacy (e.g., with rice paddy irrigators) in aquaculture
Aquaculture infrastructure investments (e.g., nylon netting and raised dykes in flood-prone pond systems)

Diversify livelihood portfolio (e.g., algae cultivation for biofuels or engage in non-fishery economic activity such

Ecosystem approach to fisheries/aquaculture and adaptive management

Shift to propagated seed for previously wild-caught seed stocks (higher cost)

Improve capacity through training to teach data gathering and interpretation
Monitoring of harmful algal blooms where molluscs farmed

Hard defences (e.g., sea walls) (risks affecting local ecosystem processes and/or local livelihoods)
Soft defences (e.g., wetland rehabilitation or managed retreat) (risks affecting local livelihoods)

Infrastructure provision (e.g., harbour and landing site protection, building aquaculture facilities to withstand

Encourage native aquaculture species to reduce impacts if fish escape damaged facility

zones, especially in areas of increased temperature and
productivity, severely impacts biodiversity and reduces
tolerance of thermal extremes (Portner et al., 2017). Marine
heatwaves can result in loss of genetic variability (Gurgel et
al., 2020). Ocean acidification threatens calcifying organisms
(Figuerola et al., 2021; Mao et al., 2020; Orr et al., 2005).
Impacts emerge for species, (including farmed shellfish),
ecological communities (producing shifts from calcifying to
non-calcifying algae, for example), habitats (through loss of
habitat-forming species: mussel reefs, coral reefs including
cold-water corals, Lophelia) and ecosystems (increasing
primary production in macroalgae, (Kroeker et al., 2013); but
reducing primary production from calcareous phytoplankton,
(Fox et al., 2020)). Effects of extreme climatic events such as
marine heatwaves, or coastal hurricanes can be especially
rapid and tip ecosystems into novel states, often through
loss of foundation species: coral bleaching, kelp forest loss
(Wernberg et al., 2013). The consequences for nature’s
contributions to people from oceans can be dramatic



and are often well understood from responses to climate
fluctuations in the past. The collapse of South Eastern
Pacific fisheries such as anchovy has been linked to climatic
variability (Arias Schreiber et al., 2011), for example.

Loss or gain of species as cold-adapted species retreat
from and warm-adapted species expand into specific
locations can have unpredictable consequences for
ecosystem services (Nagelkerken et al., 2020). Species
spreading polewards from more species-rich lower latitudes
generally increases biodiversity, resulting in growing biotic
homogenization of ecosystems (in exploited fishery species,
(Magurran et al., 2015). Such changes are reflected in
fishery catch composition (see Section 4.3) with warm-
adapted species generally replacing cold-adapted ones
(Burrows et al., 2019; Cheung et al., 2013).

4.6.3.1 Ecological Adaptation in coral reefs

On coral reefs, a 1-2°C rise in temperature can result in
widespread bleaching (Donner et al., 2005), the most evident
impact of climate change in this habitat, particularly evident
during marine heatwaves (Smale et al., 2019; Selig et al.,
2010). Replacement of sensitive genetic clades by more
temperature-tolerant ones has been seen for both coral hosts
and their photosynthetic symbionts (Ove Hoegh-Guldberg et
al., 2017). While genetic adaptation to elevated temperatures
is possible, the present pace of temperature change has

not been experienced for millions of years, and the lifetime

of many species extends over many decades. Together,
these factors make genetic adaptation to high rates or high
magnitudes of climate change unlikely (Ove Hoegh-Guldberg
et al., 2017). Poleward expansions of ranges have been

seen in both Northern (Yamano et al., 2011) and Southern
Hemisphere species (Baird et al., 2012), balancing negative
effects of heating focused in the warmest parts of the species
distribution ranges (Smale et al., 2019). Range expansion
may be blocked by lack of suitable hard seabed habitats

at cold range edges. The capacity for natural geographical
spread of species and tolerant genetic clades may be limited,
leading to suggested interventions to assist the processes of
ecological adaptation (van Oppen et al., 2015).

4.6.3.2 Conservation management of
natural marine systems

Addressing the challenges posed by climate-related
changes through increased protection and effective
conservation will help in maintaining biodiversity, food
provision and carbon storage in marine systems (Sala et al.,
2021). Climate-related shifts in species distributions present
issues such as changes in fishery catch composition, as
well as opportunities such as the expansion of coral reefs

in subtropics (Price et al., 2019). Adaptation strategies

to anticipated shifts in distribution of foundation species
(particularly those supporting NCP) under climate change
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include climate-smart marine protected areas., i.e., the
design and location of area-based management schemes,
such that they continue to fulfil their function in the presence
of such shifts. (Fulton et al., 2015; Hobday, 2011). Networks
of spatial management units that allow for shifts in key
species between areas of differing climate sensitivity can
ensure that key species can be protected over long periods,
despite short “climate residence time” (Ackerly et al.,

2010). Such networks connect metapopulations (such as
those on coral islands) in a way analogous to connecting
habitat patches on land (Robillard et al., 2015) or creating
wildlife corridors through heavily fragmented or urbanized
landscapes (Lawler et al., 2020). For coastal species with
relatively limited mobility (seaweeds) identifying core regions
of species ranges with high genetic diversity (including
glacial refugia, (Assis et al., 2017) helps in targeting
conservation actions where most needed.

Where climate change makes new regions habitable (usually
at poleward range edges) but capacity for colonization is
limited, adaptation is facilitation of colonization by assisted
colonization or migration. This may be a last resort to the
issue of species extinction or local extirpation (Hoegh-
Guldberg et al., 2008), particularly useful for isolated
populations or the last remnant of a species range. While
facilitating distribution shifts may be an attractive solution
for severely threatened systems such as coral reefs,
evidence so far (Hughes et al., 2017) suggests that such
efforts have limited success and would be prohibitively
expensive to implement at meaningful spatial scales, as

well as introducing risks that introduced species become
invasive. Deliberate translocation of aquaculture species
(see aquaculture) involves shifting heat-tolerant strains or
species to cooler areas. Direct translocation by unintentional
transport via shipping and movement of materials
associated with aquaculture activity enables shifts of species
across biogeographical barriers including ocean basins and
hemispheres. This has an adaptive effect for the species
being transported in expanding its geographical range,

but potentially negative for the new host community or
ecosystem. Hard structures in the ocean may unintentionally
provide stepping-stones for climate shifts (coastal protection
structures: Airoldi et al., 2015; Dong et al., 2016).

4.6.3.3 Coastal protection

Nature-based solutions for coastal flood protection, such

as using natural coastal habitats (vegetation or coral

reefs) to provide protection from flooding during storm
events, increasingly likely due to sea-level rise, is frequently
preferred to engineered defences, partly because the former
also provide biodiversity benefits whereas the latter may

be damaging to biodiversity. The coastal wetlands that
naturally provide coastal protection are moving inland and
polewards, including poleward expansion of mangroves

into saltmarshes, but their extent is generally declining
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by 0.2% — 0.4% per year because of development and
land use change (Bindoff et al., 2019). Development and
construction of hard coastal defences produces “coastal
squeeze” (Ducrotoy et al., 2019; Leo et al., 2019; Raw et
al., 2020): the restriction of area available for natural habitats
(mostly vegetation such as saltmarshes or mangroves)

to provide wave attenuation during storms (IPCC, 2020).
Once built, sea-level rise (SLR) progressively reduces

the area seaward of defence structures. Such defences
(dykes, groynes) can also change patterns of transport of
sediment along coastlines, increasing erosion and coastline
retreat at sites with reduced sediment supply, which can
be maladaptive for biodiversity. Further coastal defence
works include realignment of rivers changing salinity and
ecosystem structure. Adaptation strategies include sediment
augmentation and restoration of shorelines to natural
states to stem the loss of intertidal habitat and vegetation
under sea-level rise. Managed realignment can also be
effective, converting pasture to saltmarshes, albeit with a
slow establishment of the novel habitat as a carbon store,
(Burden et al., 2013), while sediment inputs from rivers can
counteract effects of sea-level rise.

4.6.3.4 Coastal marine fisheries

Adaptation has implications not only for fish stocks and their
management, but also for food security and the livelihoods
of the millions of people that are employed in fisheries and
related industries. Adaptation to sea-level rise and extreme
events that are having impacts on fishing operations and
safety at sea must be planned systematically, including

the effects on the physical infrastructure of coastal

fishing communities, if it is to avoid destroying or severely
damaging assets such as boats, landing sites, post-
harvesting facilities and roads. In some coastal areas,
impoverished small-scale fishing communities already
subsist in precarious conditions and may face increased
food insecurity in areas currently vulnerable to hunger and
malnutrition. The lack of ability to anticipate and adapt

to climate change tends to be greatest among the most
vulnerable. Early warning systems are important adaptive
responses for both industrial and small-scale fisheries.

Much can be done at the household, community and
industry levels to support the resilience of the sector in a
changing climate. For example, communities can receive
targeted and improved weather and extreme event
information, which can help ensure the safety of fishing
vessels and fisheries while out fishing. The sector can also
be supported to improve its monitoring and analysis of local
changes and to have access to global information (Hobday
et al., 2016; Popova et al., 2016; Martins & Gasalla, 2020).
Other adaptation options include social protection and
livelihood diversification, and potentially the use of improved
technologies such as refrigeration to prolong use of produce
in remote areas.
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Methods and zones of fishing can be adapted to the change
that is likely to occur and post-harvest processes can be
improved to adjust to changing species and to minimize
losses. The adaptive capacity of the marine ecosystems
can also be improved by nature-based solutions and
ecosystem approach to fisheries, using natural defences to
erosion and storms and minimizing the negative impacts of
harmful activities. Enabling conditions include secure tenure
and access rights to the natural resources upon which

they depend. Policymakers and managers can implement
adaptive fisheries co-management plans, development and
trade climate-smart strategies. It is also essential that the
needs of the sector are included in broader national and
regional adaptation plans (Johnson et al., 2019).

Small-scale fisheries are highly exposed and sensitive to
climate change but also possess flexibility and the capacity
to adapt to future change. Ensuring the implementation of
effective primary fisheries management is a fundamental
action that will underpin all other adaptation efforts.

Incorporating local knowledge, capacity and governance will
be key components of successful adaptation to minimize
climate change vulnerability and enhance resilience of small-
scale fisheries (Martins & Gasalla, 2018).

Climate-informed, ecosystem-based approaches to fisheries
management that incorporate community awareness of

the effects of changing climate on coastal fish stocks and
habitats are required (Martins & Gasalla, 2020). Therefore,
actions to use coastal fish and invertebrates sustainably

in the face of a changing climate are key to minimizing
vulnerability and supporting adaptation (Bell et al., 2015).
Most critical, however, is the need to support responsible
fisheries transitions (e.g., to different species, gears,
techniques) with alternative protein and income sources in
some areas such as small islands that have limited options
when harvest controls increase. Key lessons from successful
adaptations in small islands developing states (SIDS) can
help to identify the suite of options most appropriate to
small islands and their fisheries, also guiding international
and regional initiatives and investments to address specific
needs of small-scale fisheries (Johnson et al., 2019).

Community-based (bottom-up) adaptation has emerged
as an important part of the response to this need and an
increasing number of case studies are emerging that focus
on the development of adaptation tools and the application
of locally relevant data collection methods (Reid et al.,
2019; Johnson et al., 2019). This includes examples where
social learning, networking and empowerment was found to
support community adaptation efforts (Butler et al., 2016);
community-based adaptation actions that emphasize local
knowledge to complement and validate scientific data at
appropriate spatial and temporal scales (Martens et al.,
2020); and integrated multi-sector planning efforts that



seek to enhance community benefits (Wongbusarakum

et al., 2015). These local studies support the overall
development of adaptation tools, improve the prioritization,
funding, and completion of adaptation projects in small
island communities, and support an understanding of how
climate change impacts on small island communities and
associated fisheries can be best addressed.

Supporting policies that address direct climate impacts
are also a critical element of adaptation, and the climate
and disaster provisions in the Voluntary Guidelines

for Securing Sustainable Small-Scale Fisheries (SSF
Guidelines) (FAO, 2018) are of particular interest to
fisherfolk. They have engaged in influencing policies

so that they incorporate more fisheries perspectives in
regional climate arrangements that have been endorsed
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at the highest ministerial levels (McConney et al., 2015).
Such influence is intended to mobilize resources beyond
those normally allocated to small-scale fisheries. Climate
change adaptation provides the leverage required to obtain
additional resources.

Climate-driven reductions in fisheries production and
alterations in fish-species composition will be especially
important in locations with limited adaptive capacity, as is
often the case in tropical regions dominated by developing
economies. Given the billions of people dependent on
marine fisheries in some capacity, there is a clear need to
adapt to the effects of climate change on these resources
when building climate-resilient sustainable-development
pathways (Lam et al., 2020).

Table @ & Major adaptation strategies in marine fisheries.

Comment

Adaptive strategy

Increasing regional
and international
awareness of and
support for adaptation

Risk-management and
insurance

While adaptation projects address complex challenges posed by climate change, there is limited current investment
in adaptation to marine fisheries. There is also little agreement on the factors needed to support local-scale
adaptation or guidance on how adaptation should proceed (Mcleod et al., 2015).

The broad concept of insurance as a risk management tool and a climate change adaptation strategy in fisheries
has been widely accepted by governments and their fisheries sectors. This prompted the trial of schemes designed

to ensure a large pool of fishers on the one hand and to be a viable business for insurers on the other. Innovative
insurance programmes can promote good management practices. Public-private partnership models such as
mutual insurance can be feasible in providing insurance services to groups of small fishers, but government

subsidies are needed initially.

Emerging fisheries

New fisheries are emerging because of increased abundance of previously rare species or those that were not

heavily exploited, e.g., zooplankton and mesopelagic fish. New fisheries can also have negative effects on other
commercially important species and result in an additional pressure for range contraction or local extirpation of
those species. In some locations, developed markets need to adapt to those changes or become more volatile.
Also, there are potential feedbacks to climate of new fisheries when they target significant elements of the active
biological carbon pump in the ocean (e.g., mesopelagic fish).

Climate-smart
fisheries management

Improving fisheries management and rebuilding overexploited or depleted fish stocks can help alleviate climate-
induced decrease in potential fisheries production on actual catches. Quantitative models predict that adopting

proactive and adaptive fishery management approaches today would lead to substantially higher global profits
(154%), harvest (34%), and biomass (60%) in the future compared to no adaptation (Gaines et al., 2018). There
is also a general consensus that improving the resilience of fisheries is a key adaptation option (Free et al., 2020;
Ojea et al., 2020). However, the effectiveness of such adaptation measures is likely to be lower in many tropical
developing countries, particularly in small-scale fisheries, where capacity for effective fisheries management is
not ideal (Martins & Gasalla, 2020; Oremus et al., 2020). As such, enhancing fisheries management capacity,
from gathering and utilizing scientific information to fisheries governance, is an important part of the portfolio of
adaptation measures (Lam et al., 2020). Adaptation strategies are required in several cases, as follows.

Shifting target-species

Expected shifts need to be considered by fisheries commissions and agencies when governing the sustainable use,

developing harvest strategies and allocating fishing rights to minimize the implications of fish redistribution for local

economies (Lam et al., 2020).

Examples regarding management of highly mobile oceanic prey and predators, such as mackerel and tunas (Bell
et al., 2013; Hobday et al., 2013) call for flexible strategies, e.g., allowing for spatial shifts in fishing effort. Another
consequence of range shifts is overexploitation on the “trailing edge” of a population shifting its distribution.

Also, displacement and migration of human populations from low-lying areas to less risky areas or to follow
changes in fish distribution do require interventions (Viraparat, 2019).

Reallocation of fishing
areas

With range shifts of the stocks, fishing fleets adapt by reallocating to new fishing grounds.
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Table @

Adaptive strategy

Changing
management
measures

Implementing adaptive
management

Granting equitable
fishing rights

Increasing adaptive
capacity

Reducing other non-
climate stressors
(e.g., eutrophication,
plastic pollution, noise
pollution).

Negotiating new
agreements

Many of the world’s exclusive economic zones (EEZs) are

Comment

In addition to reducing vulnerability, fisheries management frameworks should be capable of evaluating and
predicting the response of marine ecosystems to climate change and to adequately assess the threats and
opportunities created by climate change (Lindegren & Brander, 2018). Flexible fisheries management practices can
allow fishers to change target species, diversity of gears, improve technologies, and cope with seasonality (Ojea et
al., 2020).

A critical feature is the ability to properly model and account for multiple sources of uncertainty and risks through
Management Strategy Evaluations (MSE). MSE will be particularly useful to evaluate the consequences of a range
of scenarios and management strategies under climate change (Lindegren & Brander, 2018).

A fisheries reform to address current inefficiencies, to respond to changes in productivity and improve institutional
performance is likely to contribute to reducing the consequences of climate change for industrial fisheries under
good national governance.

Adaptive management is indicated to both industrial and small-scale fisheries as an adaptation option. It includes
monitoring and updating catch and effort controls to shifting stock status that can avoid overexploitation and
sustain livelihoods for a longer period (Ojea et al., 2020).

Property rights guarantee stewardship over new resources, and stock ownership allows for spatial mobility.

Adaptive capacity is a key component to reduce vulnerability and should therefore be a priority consideration in
adaptation planning and management. Adaptation among fishers is typically reactive, based on previous experience
of change. One of the primary factors building adaptive capacity is awareness, yet a number of case studies
present limited awareness of climate change impacts among fishermen and fishing industries. This is typically due
to an individual perception of limited risk to climate change, at least compared to other greater and more immediate
pressures, such as overfishing (Lindegren & Brander, 2018). In order to increase awareness of climate-related risk
and support communities to adapt to change, effective science communication is therefore needed. Another key
factor impairing the adaptive capacity is the reliance on a single stock, sector, or source of income. To increase

the adaptive capacity and reduce risks facing individual fishers or fishing communities, more diverse and flexible
livelihoods, partially including sectors and sources of income outside fishing is often suggested (Lindegren &
Brander, 2018; Martins & Gasalla, 2020).

Local management (e.g., integrated coastal zone management and marine protected areas) can play an important
role to improve ocean health. Also, the situation in the high-seas and areas beyond national jurisdiction (ABNJ)
require Regional fisheries management organisations (RFMO) to promote solutions to ocean pollution that amplifies
climate change impacts as part of the Ecosystem Approach to Fisheries implementation. Lack of power for artificial
light and refrigeration can be considered as an additional stressor for some fishing communities.

Adaptation for the new fisheries that cross jurisdictional boundaries within and between countries and/or in
international waters is required.

collaboration to avoid disputes that can impair the

likely to receive one to five new, climate-driven transboundary
stocks by the end of the century. Up to ten new stocks were
projected for some EEZs in East Asia, a region where new
transboundary stocks could exacerbate maritime relations
already complicated by disputed territories, overlapping

EEZ claims, and illegal fishing (Pinsky et al., 2018). Previous
examples such as range shifts in Pacific salmon which
caused a severe and long-lasting conflict regarding quota
allocations between Canada and the United States, showed
that adaptation is difficult when fish stocks are exploited by
many competing users, especially in the light of incomplete
information regarding stock structure and dynamics (Miller
et al., 2010). The need for accurate scientific assessments
combined with flexible institutional arrangements to

maintain cooperation should enable adaptation (Lindegren &
Brander, 2018).

Thus, climate-driven shifts in distributions of fish species
across political boundaries require higher levels of
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sustainability of co-managed fisheries. Effective management
of transboundary fish stocks in the face of climate change
will depend on identifying all self-replenishing populations
within the geographical range of the species, modelling

the response of each population to climate change and
identifying the stakeholders for each current and redistributed
population. New combinations of stakeholders require the
development of cooperative sustainable harvest strategies
informed by changing ocean conditions (Lam et al., 2020).

Effective management of the large transboundary stocks that
underpin several industrial fisheries also requires improved
monitoring, modelling and decision-support frameworks.
Built-environment options, such as improved climate-
forecasting and advanced-warning systems, not only for the
extreme events that affect fishing vessel and crew safety at
sea but also for geographical shifts in biomass of target fish
species, will also facilitate sustained operation of industrial
fisheries, and the equitable sharing of economic benefits



derived from them, as the climate continues to change (Lam
et al., 2020).

Regional Fishery Management Organization (RMFOs)
should cooperate on the potential for future shared stocks,
interacting with other regional and sectoral regulators
(Pinsky et al., 2018). This is currently a concern since there
are limited signals of action. Concerns also remain over
the limited application of ecosystem-based management
principles by RFMOs, including limited consideration

of impacts on non-focal species. Data-sharing with

other bodies is also vital. An exception seems to be the
Commission for the Conservation of Antarctic Marine Living
Resources (CCAMLR) which has established collaborative
arrangements with neighbouring RFMOs to monitor the
movement of stocks across regulatory frontiers. Crucially,
CCAMLR has forged similar arrangements with other
sectoral regulators to consider the prospective ecological
footprint of a moving fishing industry. However, taking
effective account of climate change impacts in both target
species and related predators seems to be still limited.

In tropical regions, some cooperative fisheries-management
arrangements seem to be flexible enough to respond
reasonably effectively to transboundary redistribution of
biomass (Lam et al., 2020). With adaptable agreements
between states, ocean fisheries can continue to provide the
myriad nutritional, livelihood, and economic opportunities
relied upon by billions of people around the world (Pinsky et
al., 2018).

Lastly, the effects of climate-driven changes in the distribution,
catch composition and catch potential of small pelagic fish on
aquaculture operations (for fishmeal) have been documented.
Salmon aquaculture in Norway, Chile, the UK and Canada
provides over 85% of global farmed salmon production and,
with the exception of Chile, these countries depend heavily
on imported fishmeal, including that derived from Peruvian
anchoveta. The pronounced effects of El Nifio-Southern
Oscillation (ENSO)-mediated climatic variability on annual
harvests of Peruvian anchoveta led telecoupled aquaculture
industries to develop mechanisms to cope with dramatic
variations in the supply of anchoveta. In particular, the wild-
fish component in aquaculture feed is being replaced with
soybean meal, rendered terrestrial animal products and
seafood or aquaculture processing wastes. These innovations
might enable the consumption of farmed fish to increase by
2050 even under RCP 8.5, thereby, limiting the effects of
climate change on the telecoupled dependence of salmon
farming on Peruvian anchoveta (Lam et al., 2020).

4.6.3.5 Aquaculture

There are many options for the adaptation of aquaculture
to climate change, from simple management changes to
complex engineering or biotechnology solutions. These
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can be applied at the farm management level or be driven
by wider governance initiatives. Three categories have
been identified: coping mechanisms at the local level
(e.g., water quality management techniques), multilevel
adaptive strategies (e.g., changing culture practices) and
management approaches (e.g., adaptation planning,
community-based adaptation) (Galappaththi et al., 2020).

Some aquaculture sectors may be unable to adapt, while
there will be opportunities for new sectors. Aquaculture has
the capacity to adjust to environmental changes, achievable
through adequate monitoring, control and surveillance

for adherence to ecological considerations (Oyebola &
Olatunde, 2019). Adaptation options in aquaculture may be
focused on:

diet quantity and quality

genetics and biotechnology
management and husbandry practices
flooding and storm protection
reallocation of farms

real-time monitoring and prediction
diversification of cultured aquatic species

Engineering and management solutions can reduce
exposure to stressors or mitigate stressors through
environmental control. Epigenetic adaptation may have the
potential to improve stressor tolerance through parental

or early life stage exposure. Stressor-resistant traits can

be genetically selected for and maintaining adequate
population variability can improve resilience and overall
fitness. Information at appropriate time scales is crucial for
adaptive response, such as real-time data on stressor levels
and/or species’ responses, early warning of deleterious
events, or prediction of longer-term change. Diet quality and
quantity have the potential to meet increasing energetic and
nutritional demands associated with mitigating the effects
of abiotic and biotic climate change stressors (Reid et al.,
2019). Some shellfish hatcheries have already relocated to
less acidic waters (Reid et al., 2019). GIS or remote sensing
tools have been used for some time to select appropriate
aquaculture locations (Ottinger et al., 2016). Selective
breeding programmes that cater for more temperature-
tolerant species have been implemented. Initiatives to
promote integrated aquaculture and agriculture systems,
including using flooded/saline land and water bodies have
also been in place in several countries.

Responses to flooding have included building higher pond
dikes, netting and fencing around the low elevated ponds,
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community-based flood protection and changing stocking
dates (Ahmed & Diana, 2016). Pumping out groundwater,
changing fish culture accordingly and rainwater harvesting
are some of the common responses documented for
drought conditions (Lebel et al., 2018).

Several adaptation measures have been in place for the
sector as a whole (Bueno & Soto, 2017), which includes:

changing focal species and opening new areas
for cultivation

developing heat-tolerant strains

control of novel parasites and diseases

risk assessment and management along the value chain
and a feasibility assessment

Investments in research to identify new commercially
viable strains for aquaculture species tolerant of low water
quality, high temperatures and disease are needed. Future
research should also look at whether different groups of
aquaculture farmers (e.g., indigenous peoples) face and
adapt differently to climate change; and the use of GIS
and remote sensing as cost-effective tools for developing
adaptation strategies and responses (Galappaththi et al.,
2020). Adaptation also includes research advancements in
understanding how climate change affects aquaculture and
will benefit most from a combination of empirical studies,
modelling approaches, and observations at the farm level
(Galappaththi et al., 2020).

Moreover, the rehabilitation of coastal ecosystems which
provide protection from storms and waves (mangroves,

wetlands, marshes and coral reefs) should be part of
adaptation plans, including identifying opportunities to
access carbon finance for mangrove planting or restoration
(IFAD, 2014).

Low trophic level aquaculture, and particularly seaweed
mariculture has the potential to relieve emphasis on
terrestrial agriculture, having per se an adaptation role to
be highlighted.

&.4.L Climate adaptation measures
for infrastructure and human health

For most of the adaptation measures relating to
infrastructure, there are nature-based alternatives (Table
4.6). In many cases, the nature-based alternatives have
the advantage of providing a wide range of nature’s
contributions to people in addition to the intended climate
adaptation objectives (Raymond et al., 2017). For example,
enhancing green infrastructure in cities can reduce urban
heat island effects, and has also been shown to have
positive effects on several measures of human health
unrelated to climate (Mears et al., 2019). As with all climate
adaptation measures, biodiversity-based solutions are not
without drawbacks. For example, reducing flood risks by
creating wetlands can engender problems with insect pests
and disease vectors if improperly managed (Hanford et al.,
2020), therefore, these measures must be evaluated based
on the full range of their impacts and the context in which
they are being implemented (Berry et al., 2014).

Many technical, technological and societal measures have
potentially large impacts on biodiversity. Measures like
building dams and seawalls have been treated in previous
sections. However, other measures, especially relocation of

Box @ @ Climate-Smart Fisheries and Aquaculture.

The fisheries and aquaculture sectors have one of the lowest
carbon footprints among all food production systems, while
supporting livelihoods of millions of people. Climate-smart
fisheries and aquaculture adaptation options can support the
objectives of: (i) sustainably increasing output productivity/
efficiency; (i) reducing the vulnerability and increasing resilience
of the fish production system(s) concerned and the people

it supports; and (jii) reducing and removing greenhouse gas
emissions from the sector. The adaptation measures that

are available for both fisheries and aquaculture are important
considerations for the development of National Adaptation
Plans (NAP). As in other sectors, adaptation is place and
context-based and should be viewed as an ongoing and
iterative process. Disseminating climate change adaptation
information and communicating it effectively to a broad range
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of fisheries and aquaculture stakeholders affected by climate
change is one of the keystones of effectiveness. All segments
of the fish value chain should be involved in determining
adaptation goals, particularly the post-harvest sector,

where the gender implications of adaptation activities are
especially important.

Policy measures in support of the implementation of adaptation
to climate change in fisheries and aquaculture can cover
institutional adaptation, livelihoods adaptation, and risk
reduction and resilience (Raymond et al., 2017; Brugere & De
Young, 2020). Transboundary issues need to be considered
when developing an adaptation strategy to ensure adaptation
options of neighbouring countries are unaffected (Brugere & De
Young, 2020).



people and infrastructure have potentially very large impacts,
either positive or negative, on biodiversity depending on the
areas these are relocated to. In addition, other measures
like burying electric lines to avoid storm damage, building
avalanche protection barriers or controlling invasive disease
vectors may have more local effects on biodiversity, but
could collectively have large impacts on biodiversity.

4.5 SYNTHESIS AND
CONCLUSIONS

Even low levels of climate change will require some adaptive
response, and high projected levels of climate change

will exceed the adaptive capacity of most ecosystems

and social-ecological systems leading to degradation of
nature, nature’s contributions to people and good quality

of life. There is a wide range of measures that can enhance
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the capacity of systems to adapt to climate change, but
many narrowly focused climate adaptation measures

can have detrimental impacts on biodiversity or may be
maladaptive and turn out to have unforeseen bad outcomes
(Figure 4.3).

Nature-based solutions (NbS) that focus on maintaining
and restoring genetic and species diversity and abundance,
or on preserving, restoring or creating healthy ecosystems
can contribute to climate adaptation (Figure 4.3). Many of
these measures enhance adaptive capacity by reducing risk
in the face of uncertain climate projections. However, these
nature-based solutions can be imperilled by high levels of
climate change or by other pressures such as land use
change, overexploitation or pollution.

To avoid maladaptive responses, it is important to account
for large uncertainties in future climate change and the
response of socioecological systems to climate change.

Table @ (3 Examples of climate adaptation objectives for protecting life and property with a
distinction between biodiversity-based approaches and technical, technological and

social solutions.

These measures are not mutually exclusive and can be complementary. Measures in red pose significant potential risks for
biodiversity. This table is based on the IPCC AR5 WGII assessment, in particular (Revi et al., 2014) (urban areas), (IPCC, 2014a) (key
economic sectors) and (Smith et al., 2014) (Human health: impacts, adaptation, and co-benefits), as well as references cited above.

Climate adaptation
objective

Health: minimize heat
stress on people

Improve access to green spaces

Health: reduce risk of

Adaptation measures: Nature-based

Adaptation measures:
Technical, Technological, Social

Relocate people; increase air conditioning (and
accompanying GHG emissions); improve passive
climate control of buildings; change behaviour

climate-related increase in
zoonotic disease

Health: ensure safe and
sufficient water supply

Cities: reduce heat island
effects

Ports: storm surge and
sea-level rise

Energy transmission:
severe weather

Natural disasters: minimize
avalanche and landslide
risks

Natural disasters: minimize
flooding impacts life and
property including bridges,
roads and housing

Maintain and reinforce species diversity in natural
and semi-natural ecosystems (controversial); avoid
deforestation; regulate wild animal use and trade

Protect natural and semi-natural vegetation in

watersheds

Enhance green infrastructure: green spaces, green
roofs, trees along streets

Protect and restore natural barriers such as coral
reefs, coastal wetlands and mangroves

Preserve and restore vegetation especially in hilly
and mountainous areas

Reduce flood risk by protecting and restoring
wetlands and watersheds

Control populations of animal vectors; develop health
system strategies for avoiding pandemics

Build dams and reservoirs; increase efficiency of water
use; reinforce technical, financial and institutional tools
to ensure fair water distribution

Install cool roofs (e.g., reflective or evaporative) and cool
roads; expand use of passive cooling of buildings; take
climate into account in urban planning

Reinforce, elevate or abandon vulnerable ports;
reinforce advance warning systems

Burial of electric lines; reinforcement or
repositioning of pipelines

Build hard avalanche and landslide protection;
abandon vulnerable housing and infrastructure; reinforce
advance warning systems

Control flooding with dams; reinforce, reposition
or abandon vulnerable structures; relocate people;
avoid building in vulnerable sites; reinforce advance
warning systems
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This argues in favour of approaches to climate adaptation
that put a strong emphasis on risk management, through
strategies that can evolve over time and keep options
open, as opposed to implementing strategies that focus
on managing for a specific climate scenario, or that

lack flexibility.

Such diversification can make social-ecological systems
more resilient to climate change and increase genetic,
species and habitat diversity. Current economic incentives
within agriculture, forestry and fisheries, however, do not
promote such diversification and fail to reflect the multiple
ecosystem services that contribute to human well-being
(Section 4.4).

Risk management to cope with uncertainty in future
climates and responses to climate change can greatly
benefit biodiversity conservation actions, and vice versa. For
example, diversification of agricultural land use types, the
genetic variety of crops, and tree species helps spread risk.

Technical, technological and socioeconomic measures
for climate adaptation often have large negative impacts
on biodiversity (Figure 4.3), but also can be highly
complementary to biodiversity-based measures. There is

Forests

Provide wood products,
other ES, biodiversity
4.4.1.1)

Agriculture

Provide food, other ES,
biodiversity
4.41.2)

(b

Rivers & streams

Reducing flooding and
flood damage
(4.4.2)

Conserve and enhance
genetic and species
diversity

Shift forested areas

Genetically modified trees

Enhance diversity of crops
and livestock

Improve soil health
Shift agricultural areas

Improve irrigation
efficiency

Increase irrigation capacity

Restore environmental flows
and connectivity

Protect and restore natural
ecosystems in watersheds

Move infrastructure out of
flood zones

Build dams

Dune reinforcement

Protect and restore coastal
wetlands and mangroves

Avoid construction along
coasts

Build seawalls and other
hard coastal protection
”Rebuild” fisheries by
reducing fishing pressure
Shift areas for fishing
Improve climate warning

systems

Protect and restore
herbivorous fish
populations

Reduce tourism pressure

Build artificial reefs

Create green infrastructure
Account for climate and
biodiversity in
urban planning

Cool roofs and roads

Coasts

Reduce coastal erosion,
damage from sea level
rise and storm surge
(4.4.3.3)

O~
NN g

Marine Fisheries

Provide food
(4.4.3.4)

=~ 2N
Tropical coral reefs

Provide coastal protection, fishing,
tourism, other ecosystem services
(4.4.3)

B

Cities
Reduce heat island effects
4.4.4)

FONT . Biodiversity positive
COLOR

BACKGROUND Terrestrial Nature-based adaptation
COLOR

Biodiversity neutral Freshwater and marine Nature-based adaptation

Biodiversity possible risk or benefit Social & institutional adaptation

Tech adaptation

Biodiversity negative

Figure o

Nature-based solutions are shown in green (terrestrial) or blue (freshwater or marine), social and institutional measures in
orange and technical and technological measures in grey boxes. Font colour indicates whether the measures are generally
positive (green), negative (red), neutral (black) or negative or positive depending on context (orange) for biodiversity. More
detailed explanations for each key system or sector are provided in the indicated subsections.

Examples of climate adaptation measures.
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an urgent need to better understand and account for these
impacts and complementarities. Of particular concern

are adaptive measures for managing floods and droughts
such as building dams and for managing sea-level rise
with hard defences such as building sea walls (Figure
4.3). Shifts in human populations and activities such as
agriculture and fishing to adapt to climate change may also
have considerable effects on biodiversity that are context
dependent (Figure 4.3). On the other hand, there is a wide
range of adaptation measures such as creating green roofs
for buildings or improving the efficiency of irrigation for
agriculture that may have little impact on biodiversity, or that
can have direct and indirect benefits (Figure 4.3).

Adaptation is placed and context-based and should be
viewed as an ongoing and iterative process. Disseminating

climate change adaptation information and communicating it

effectively to a broad range stakeholder affected by climate
change is one of the keystones for effectiveness.

/// SECTION 4 - BIODIVERSITY AND ADAPTATION TO CLIMATE CHANGE
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The effects of biodiversity
conservation actions on

climate change

INTRODUCTION

In this section, the effects of actions to halt or reverse
biodiversity loss on the climate system are evaluated. We focus
on links between conservation actions and climate change
mitigation since links between biodiversity and adaptation

are addressed in Section 2. The value of nature in mitigating
climate change is well recognized and has been quantified
globally. Aimost 30% of anthropogenic CO, emissions are
absorbed onto the land surface through forest regrowth
(Pugh et al., 2019), enhanced photosynthetic CO, uptake and
sequestration, the vast majority likely occurring in natural and
semi-natural ecosystems. A further ca. 25% of anthropogenic
CO, emissions is absorbed by the ocean (Friedlingstein et al.,
2019; IPCC, 2019Db), due to both CO, solubility in the ocean
and the organic carbon cycle driven largely by photosynthesis,
carbon sequestration in coastal vegetated habitats and the
biological pump that moves carbon from the upper ocean
layers to the deep ocean waters and ocean floor sediments.
These powerful natural sinks are currently the leading natural
mitigation processes globally. Their carbon sequestration
potential can be enhanced, both through ecosystem
management on land, and in the oceans, though not without
risks in each case. In the UNFCCC and CBD, the concept of
nature-based solutions (NbS) has been proposed as a way
to harness natural processes in contributing to solving the
climate challenge and that reduces the risk to biodiversity in
particular and may have other co-benefits. NbS therefore aim
to make use of the powerful interactions between the climate
system, the oceans and the land, without causing damage to
ecosystems providing the climate mitigation and adaptation
services. The techniques proposed include the enhanced
sequestration of anthropogenic CO, on land and in the
oceans, reduction of greenhouse gas fluxes to the atmosphere
associated with ecosystem management (e.g., wildfires, land
cover change and agricultural practices), and increasing the
reflectivity of the land surface (albedo change). Actions taken
1o halt or reverse biodiversity loss almost always have some
consequence for these processes, although the form and
strength of such links vary.

The level of contribution of biodiversity conservation

measures to climate change mitigation highly depends on the
processes affected and the nature component involved. Just
as it is important to distinguish between carbon capture (e.g.,
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by photosynthesis), storage (e.g., in the bodies of organisms)
and sequestration (e.g., buried below microbial activity

in sediments) (Bax et al., 2021, Figure 1), understanding
differences between sinks and feedbacks also greatly aids
understanding of climate and biodiversity interactions. Albedo
feedbacks on climate may be an important component of
climate change, but they are currently ignored by UNFCCC
guidelines regarding how to account for the climate benefits
of actions taken in support of climate mitigation.

Sequestration of organic carbon in soils slows the rate at
which the products of photosynthesis are returned to the
atmosphere by the process of respiration. These forms of
sequestration associated with terrestrial ecosystems are
referred to as ‘green carbon’ (Mackey et al., 2008). The
sequestration of organic carbon in marine processes and
ecosystems is referred to as ‘blue carbon’, by analogy to the
oceanic origin of these forms of sequestered carbon dioxide
and other greenhouse gases (Mcleod et al., 2011).

Carbon sinks are the result of net carbon capture and
storage. Such sinks can be physico-chemical (e.g., direct
oceanic uptake of CO,, which leads to ocean acidification)
or biological (photosynthesis). The sink is usually in situ
(e.g., forests, peatlands, agricultural soils or mangroves)

but sometimes act by exporting the carbon elsewhere (e.g.,
kelp forests exporting to deep seas, or the marine vertical
biological pump) and a portion of the carbon is usually (but
not always) sequestered (i.e., effectively removed from the
biospheric carbon cycle for periods of centuries to millennia,
e.g., by burial (Bax et al., 2021; Mao et al., 2020). Many
natural carbon sinks are reduced by climate change, so they
capture and store less carbon, thereby exacerbating climate
change further (positive feedback). In contrast, some carbon
sinks, such as polar continental shelves and hyperboreal
forests (taiga) increase with climate change, so they work as
a negative feedback (strengthening mitigation). The current
size and strength of carbon sinks are only partly related to
the strength of climate feedback loops. Climate-induced
sea ice losses around the Southern Ocean have increased
phytoplankton blooms, which have doubled carbon storage
by seafloor organisms in the last 25 years (Barnes et al.,
2018). This makes it a significant negative feedback on
climate change, despite only being a small carbon sink at
~160 MtC yr'. When conservation measures and nature-
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based solutions concern natural carbon sinks having both
large size and negative feedback on climate change, they
can be powerful in driving global temperature.

5.1 PRACTICES WITH STRONG
POTENTIAL CO-BENEFITS OR
TRADE-OFFS

Many policy measures to address biodiversity loss and
degradation of ecosystem services have co-benefits with
climate change mitigation and some have trade-offs. The
update of the zero draft of the post-2020 global biodiversity
framework (CBD, 2020) provides 20 action-oriented targets
for 2030 which aim to contribute to the 2050 Vision for
Biodiversity. Most of the framework targets have direct

or indirect impacts on climate change mitigation (Table

5.1), even though they were not primarily designed with

this intention. Here, we highlight a subset of biodiversity
measures that are shown to result in potentially strong or
moderate impacts on the climate system, based on potential
contribution to carbon capture, storage, and sequestration,
the albedo effect, and non-CO, greenhouse gas fluxes.

5.1.1 Reducing threats to biodiversity

5.1.1.1 Wetland restoration, including effects
on both carbon dioxide and methane fluxes

Wetland ecosystems (e.g., mangroves, mudflats, saltmarsh)
support a diverse natural biota and provide vital contributions
to people, such as freshwater and food, water purification,

Table @ € Action targets for 2030, from the zero draft of the post-2020 global biodiversity
framework (see CBD/POST2020/PREP/2/1 for the full and exact wording of the
targets), and examples of biodiversity measures with impacts on climate change

mitigation (see main text).

The effects of biodiversity measures on climate change mitigation are colour coded (see legend), as well as the reliability of
achieving the mitigation outcome. The colour coding reflects expert-judgement based on scientific literature (see supplementary
material) and is supported by the corresponding section in the main text. Note that when scientific evidence is too scarce for a
biodiversity target (i.e., its impact on climate change mitigation), no biodiversity measure is documented (T10 and T18; T: target).
T7 is not colour coded as it is the outcome of all other targets, as documented in the table.

Contribution to climate change mitigation

[ | Significantly positive, strong scientific evidence

Potentially positive, incomplete evidence and quantification
Unresolved, lack of evidence, system-dependent, tradeoffs
Negative, strong scientific evidence

Indirect positive

Loose or non-existent link

Post-2020 Action targets for 2030

00

T1. Spatial planning addressing land/sea use
change, retaining existing intact wilderness
areas, and restoring degraded natural areas

5.1.1.3. Reforestation and avoided degradation

5.1.1.4. Restoring degraded semi-arid ecosystems

5.1.1.8. Avoided deforestation

5.1.1.11. Biodiversity offsets

T2. Well connected and effective system of
protected areas, at least 30% of the planet

Biodiversity measures
(and corresponding subsection in the main

5.1.1.1. Inland wetland restoration

5.1.1.2. Coastal restoration

5.1.1.5. Protected areas and connectivity

Reliability of the mitigation outcome

Chance of achievement > 2/3
1/3 < chance of achievement < 2/3
Unresolved, conflicting/insufficient evidence

Chance of achievement < 1/3

Effects on
climate
change

mitigation

Reliability
mitigation

text) outcome

73



SCIENTIFIC OUTCOME OF THE IPBES-IPCC CO-SPONSORED WORKSHOP ON BIODIVERSITY AND CLIMATE CHANGE

Table @

Post-2020 Action targets for 2030 Biodiversity measures Effects on Reliability
(and corresponding subsection in the main climate mitigation
text) change outcome

mitigation

T3. Recovery and conservation of wild 5.1.1.6. Rewilding with large terrestrial mammals = aacaaaaooooo
species of fauna and flora e e e e == ==

5.1.1.7. Rebuilding marine megafauna

T4. Legal, sustainable and safe harvesting, 5.1.1.9. Sustainable fishing
trade and use of wild species of fauna and flora

T5. Reduced rate of new introductions of
invasive alien species, control or eradication
of invasive alien species

T6. Reduced pollution from all sources, incl. 5.1.1.10. Reducing pollution from all sources
excess nutrients, biocides, plastic waste

T7. Increased contributions to climate
change mitigation, adaptation and disaster
risk reduction

00

T8. Ensured benefits, incl. food security, See T4 and T14
livelihoods, health and well-being through
sustainable management of wild species

T9. Supporting the productivity, sustainability =~ 5.1.2.4. Regenerative agriculture

and resilience of biodiversity in agricultural

and other managed ecosystems through

conservation and sustainable use of such 5.1.2.5. Intensive vs less intensive agriculture
ecosystems

5.1.2.1. Combatting woody plant encroachment = ____ .-

5.1.2.2. Enhancing biodiversity conservation in EEEEE
transformed ecosystems [

5.1.2.3. Avoiding degradation of permafrost areas

T10. Contribution to regulation of air quality, e mmaaaaa
hazards and extreme events and qualityand = em === == -
quantity of water . mmsemmmmmeee

T11. Increased benefits from biodiversity 5.1.2.6. Biodiversity-friendly urban areas
and green/blue spaces for human health and
well-being

T12. Ensured access to and the fair and
equitable sharing of benefits arising from
utilization of genetic resources and traditional
knowledge

00

T13. Biodiversity values mainstreamed 5.1.3.4. Mainstreaming biodiversity
across all sectors and integrated into

policies, regulations, planning, development,

poverty reduction and accounts at all levels

T14. Reduced negative impacts on 5.1.3.1.Sustainable food production and supply
biodiversity through sustainable production chains
practices and supply chains

T15. Eliminating unsustainable consumption 5.1.3.2. Sustainable consumption patterns
patterns, taking into account individual

and national cultural and socioeconomic

conditions
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Table @

Post-2020 Action targets for 2030

T16. Preventing, managing or controlling
potential adverse impacts of biotechnology
on biodiversity and human health

T17. Measures to redirect, repurpose,
reform or eliminate incentives harmful for
biodiversity

T18. Increasing financial resources and
implementing the strategy for capacity-building,
technology transfer and scientific cooperation

T19. Quality information, incl. traditional
knowledge, is available for the effective
management of biodiversity through
promoting awareness, education and
research

T20. Equitable participation in decision-
making related to biodiversity and ensured
rights over relevant resources of indigenous
peoples, local communities, women and
youth

and flood prevention. Humans have been enjoying such
benefits for millennia for agriculture, aquaculture, and urban
development, among other activities, which often led to
widespread wetland degradation (IPBES, 2018). Although
wetland restoration is valued and practiced in many regions,
conflicts between economic interests of stakeholders, such
as developers and conservationists, often hamper restoration
progress (Marazzi et al., 2018).

Wetlands are important for global carbon sequestration, but
their disturbance could result in increases of greenhouse
gases (Adhikari et al., 2009). Conversion, drainage and
degradation of tropical wetlands and peatlands are
important drivers of current increases in the atmospheric
concentration of CH, and its inter-annual variability (Shukla
et al., 2019). Irrigated rice cultivation, which takes place
mostly in former wetlands is also an important contributor
to CH, in the atmosphere (Shukla et al., 2019), noting

that many irrigated rice areas are sites for the protection

of endangered species e.g., in terms of RAMSAR (Xi et

al., 2020). On the other hand, protection and restoration

of wetlands, peatlands and coastal habitats reduces net
carbon loss to the atmosphere (primarily from the oxidation
of sediments and soil carbon) and provides continued or
restored natural CO, removal (IPCC, 2019a; Section 4.9.4).
Reducing annual emissions from peatland restoration could
mitigate 0.15 to 0.81 GtCO,e y' up to 2050 (Couwenberg
et al., 2009; Griscom et al., 2017; IPCC, 2019b;

Section 2.7.1.4).

Biodiversity measures
(and corresponding subsection in the main

Effects on
climate
change

mitigation

Reliability
mitigation

text) outcome

5.1.3.3. Eliminating subsidies harmful to biodiversity

Wetland drainage and rewetting was included as a flux
category under the second commitment period of the
Kyoto Protocol, with significant management knowledge
gained over the last decade (IPCC, 2013). However, there
are high uncertainties as to the carbon storage and flux
rates, in particular the balance between CH, sources and
CO, sinks (IPCC, 2019a; Spencer et al., 2016; Section
2.7.1.4). Peatlands, many of which harbour a specialized
set of organisms, are often regarded as being of high value
for biodiversity and thus are often a target of conservation
measures with the aim to maintain or restore them. Climate
change may increase carbon uptake by vegetation and
carbon emissions due to respiration, with the balance being
regionally dependent (IPCC, 2019a; Section 2.7.1.4), and
one can expect the same ambiguity of the balance when
mitigating climate impacts through restoration measures.

There is large uncertainty regarding the future of the
peatland carbon sink globally. Some peatlands have

been found to be resilient to climate change (Minayeva &
Sirin, 2012), but the combination of land use change and
climate change may make them vulnerable to fire (Sirin et
al., 2011). While models show mixed results for the future
sink (Spahni et al., 2013; Chaudhary et al., 2017; Ise et al.,
2008), a study that used extensive historical data sets to
project change under future warming scenarios suggested
that the currently global peatland sink could increase
slightly until 2100 and decline thereafter (Gallego-Sala et
al., 2018).
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Recent evidence (IPCC, 2019a, Chapter 2) shows that
tropical wetland CH, emissions are underestimated, perhaps
by a factor of 2. One suggestion is that estimates do not
account for release by tree stems (Pangala et al., 2017).
However, several authors have concluded that agriculture

is @ more probable source of increased emissions, and
particularly from rice and livestock in the tropics, which is
consistent with inventory data (Wolf et al., 2017; Patra et al.,
2016; Schaefer et al., 2016).

5.1.1.2 Coastal restoration

Coastal ecosystems are under pressure as a result of both
local and global changes. They are exposed to changes in
variables such as temperature, acidification, sea level rise,
salinification and exposure to intensified storms, each of
which are undergoing rapid changes under climate change
(IPCC, 2014a, 2014b, 2018). Urbanization is also exerting
a strong pressure on coastal ecosystems with increasing
clustering of cities along the coasts (Barragan & de Andrés,
2015). The range of many coastal ecosystems has been
contracting as a result (e.g., mangroves: (Babcock et al.,
2019); coral reefs: (IPCC, 2020); seagrass: (Waycott et al.,
2009)) or moving (Poloczanska et al., 2016), threatening
biodiversity and ecosystem services (see Section 5.2.3).
Critically, the destruction and degradation of these habitats,
the second most important drivers of biodiversity loss in
marine ecosystems (IPBES, 2019) have led to reduced
‘blue carbon’ stocks as biomass accumulation slows and
soils are exposed to increased oxidation of organic deposit
(Mcleod et al., 2011).

Coastal zones are highly productive areas with rich
interactions across the transition from land to coastal

and oceanic areas. Specific habitats and ecosystems

are found along coastal regions, housing large amounts
of biological diversity, and providing valuable ecosystem
services to human communities (e.g., water quality, carbon
sequestration, food, livelihoods, cultural services, coastal
protection and increasing impacts from rising sea levels
(Mcleod et al., 2011)). The opportunity and ecosystem
services provided by coastal plant communities presents
very significant benefits to coastal communities and
biodiversity. Blue carbon stocks relate to the sequestration
of organic carbon from coastal productivity into ‘blue’
carbon that is stored in the soils and sediments of coastal
ecosystems such as seagrasses, salt marsh and mangroves
(Mcleod et al., 2011). It is the marine twin of analogous
stocks of buried organic carbon (i.e., ‘green’ carbon)

from terrestrial ecosystems. While the total sequestration
of carbon is much lower in coastal systems, the amount
per m? is typically much higher. In combination, carbon
sequestration can play a very significant role in trapping
and preventing the oxidation of hundreds of years of
organic carbon being sequestered in soils and sediments.
Protecting these ecosystems has considerable benefits,

76

with the protection and restoration of these areas of
considerable value.

Increasingly, attention has focused on the restoration

of coastal ecosystems, with adaptive responses
accommodating the loss or movement of critical
ecosystems (e.g., mangroves, seagrass, coral reefs, salt
marshes) as sea temperature as well as sea level and storm
impacts increase. The success of these options varies
between ecosystems. For example, mangrove forests

are capable of storing and sequestering a substantial
proportion of carbon in both their biomass and soil
substrates even when fringing dense urban development
areas, as demonstrated in Singapore (Friess et al., 2015).
(Bayraktarov et al., 2016) reviewed restoration costs across
a range of coastal ecosystems and found that the average
and median costs of restoration of marine coastal habitat
was US$80,000 per hectare (2010) and US$1,600,000 ha™’
(2010), respectively. Coral reefs and seagrass beds were
among the most expensive ecosystems to restore, while
mangrove restoration projects were the least expensive per
hectare with projects being larger. Restoration projects often
did not last — they were often damaged by ongoing stress,
including climate change.

5.1.1.3 Reforestation and avoided
degradation of tropical and subtropical
forests and woodlands

Land use change in tropical forests and subtropical
woodlands and savannas drives multiple shifts in ecosystem
structure and function (Baldi & Jobbagy, 2012; Baldi et

al., 2013), with globally negative impacts on biodiversity
and carbon stocks (Mackey et al., 2020). Agricultural
expansion in these systems is the largest current threat to
their conservation and biodiversity (e.g., Laurance et al.,
2014). Growing demand for food is likely to drive agricultural
expansion by 100 million ha in sub-Saharan Africa,
especially in woodlands and savannas with enough rainfall
to support crops (Estes et al., 2016).

Primary forest clearing is particularly significant for carbon
stocks (estimated carbon recovery rate of 40-100+ years,
(Mackey et al., 2020)) and biodiversity, due to amplified
adverse effects of forest cover loss on conservation

value (Barlow et al., 2016). Dryland forest and savanna
deforestation and degradation have proceeded over many
decades, threatening carbon stocks and the rich biodiversity
in South America (Mustin et al., 2017) (e.g., in Chaco and
Cerrado systems (Mustin et al., 2017), Asia (forest; Tolle

et al., 2017) and Australia (e.g., Eucalypt woodlands;
Queensland Department of Science, Information Technology
and Innovation, 2017), with high biodiversity African
woodlands (Kier et al., 2005) having some of the highest
deforestation rates in the world (Zambia’s deforestation

rate is 2500 — 3000 km? y', (Vinya et al., 2011)). Despite
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degradation affecting almost one fifth of southern African
woodlands, biomass gains over about one half of the region
balanced losses of carbon stocks between 2007 and 2010
(McNicol et al., 2018).

Deforestation in some regions has led to problems of

soil salinization, due to rising water tables, especially in
Australian drylands (Bradshaw, 2012), but is also noted in
dryland forests of South America (Marchesini et al., 2017).
Deforestation of woodlands for biofuel production (e.g.,
Jatropha planting) has been widespread (van Eijck et al.,
2014), and for African Miombo, woodlands have been
found to create a carbon deficit, mainly relating to soil
carbon losses (Romijn, 2011). Reforestation or restoration
of degraded forests and woodlands with indigenous
species plays a role in addressing losses of biodiversity
and ecosystem services, including through recovering
the soil carbon stocks of these ecosystems (e.g., Sileshi,
2016). Reforesting up to 369 million ha of degraded tropical
forest (less than half the potentially reforestable area)
could generate a potential C uptake of 5.5 PgCO% yr '
by 2030, and contribute to the conservation of hundreds
of threatened forest-dependent vertebrate species
(Kemppinen et al., 2020). Spatially targeted reforestation
efforts could re-establish forest habitat continuity with
outsize positive impacts (e.g. Atlantic Forest, (Newmark
et al., 2017)). Financial incentives currently encourage
reforestation using monoculture plantations of non-
indigenous species (e.g., Lewis et al., 2019), and some
massive silviculture programs are planned (e.g. Brazil
(Mustin et al., 2017), Ethiopia, (Pistorius et al., 2017))
motivated both by financial and by mitigation objectives.
Reforestation using non-indigenous species may be
associated with significant risks (Reisman-Berman et al.,
2019), while contributing to carbon sequestration in above
ground stocks (Guedes et al., 2018).

Misidentification of subtropical grassland systems with

high frequency disturbance regimes as degraded risks
significant adverse biodiversity effects if this encourages
their afforestation (Bond et al., 2019). Even without direct
afforestation efforts, Asian (Kumar et al., 2020) and African
(Pfeiffer et al., 2020) mixed savannas and woodlands are at
significant risk of conversion from grassland to woodland
dominated systems due to climatic and CO,-fertilization
effects. Mixed tree-grass systems (woodlands and
savannas) are threatened by woody plant encroachment
globally (Stevens et al., 2017) with adverse impacts on

the biodiversity of species dependent on “open” systems
(Bond & Parr, 2010). Suppression of wildfire represents an
apparently attractive approach to enhance woody carbon
stocks in mixed tree/grass systems, but increased carbon
stocks (e.g., 1.2 Mg ha" year~' accrued since 1986 in a fire-
suppressed Brazilian Cerrado) likely lead to loss of diversity
(richness declines for Brazilian Cerrado one quarter of plant
and one third of ant species) (Abreu et al., 2017).

5.1.1.&4 Restoring degraded semi-arid
ecosystems

Degradation of semi-arid ecosystems is often associated
with significant losses of soil, and the carbon that is held in
that sail (e.g., Chappell et al., 2016, 2019). Reversal of soil
degradation linked to desertification trends has long been

a focus of the UN Convention to Combat Desertification
(UNCCD), but progress may require greater focus than

is currently the case in policy instruments such as the
Sustainable Development Goal framework (Byron-Cox, 2020).
Rebuilding sail (especially) and plant carbon stocks in semi-
arid regions is seen as a potentially significant contribution

to mitigation of CO, emissions due to their large extent but
has seen contradictory claims of efficacy in the last decade
(Yusuf et al., 2015). The capacity of restoring degraded
semi-arid systems using land use management approaches
is thus somewhat contested (Gosnell et al., 2020). Many
semi-arid systems around the world have been observed
through remote sensing as having “greening” trends (Fensholt
et al., 2012). This has been speculated as being due to the
effects of rising atmospheric CO, in increasing plant water-
use efficiency (Donohue et al., 2013) thereby increasing the
competitive advantage of woody plants over grasses and
increasing woody cover in these ecosystems. Global analysis
of remote-sensed data suggests that greening is generally
associated with soil drying as a result of higher plant cover
(Deng et al., 2020), and woody encroachment also reduces
grazing potential (Anadon et al., 2014).

5.1.1.5 Increasing the area under protection
and enhancing connectivity

Two of the main biodiversity and habitat conservation
measures include establishing protected areas and
enhancing ecological connectivity among protected

areas and fragmented habitat patches (Dinerstein et al.,
2019; Kostyack et al., 2011; Townsend & Masters, 2015).
Habitat conservation by creating new protected areas and
maintaining existing areas can mitigate climate change
(Dinerstein et al., 2020; UNEP, 2019) through carbon
sequestration (Dawson et al., 2011; Hagerman et al., 2010;
Soares-Filho et al., 2010; UNEP, 2019). Globally, terrestrial
and marine protected areas cover 265,908 (15.13% of
terrestrial habitats) and 18,584 (7.68% of marine habitats)
sites, respectively (UNEP-WCMC, 2021). Terrestrial
protected areas store approximately 238 GtC (2,078.83
Gt CO%) (12% of land carbon stocks), and they sequester
0.5 GtC yr-1 (i.e., 1.835 GtCO,e yr", 20% of all terrestrial
carbon stocks) (Melillo et al., 2016). Protected areas also act
as a negligible source of carbon export to the atmosphere.
For example, 2018 protected areas from tropical countries
store a total of 35.8F 15.7 GtC (131.386+57.619 Gt
CO,e, 14.5% of total carbon biomass estimated in tropical
countries), with a mean loss of 38+17 MtC yr' (139.46 +
62.39 Gt CO,g) (Callins & Mitchard, 2017).
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To reverse biodiversity loss, as well as enhancing climate
change mitigation, it has been estimated that 30.6% of
unprotected land surface (41 million km?) would need to
be added as protected areas, on top of the existing 15.1%
of protected areas, which would contribute to continued
storage of 1.49 GtC (5.473 Gt CO,e) of carbon from such
unprotected lands through conservation of diversity and
abundance of terrestrial life as well as enhancement of
carbon drawdown and storage (Dinerstein et al., 2020).
Interestingly, 92% of the area needing protection for
enhancing carbon storage and drawdown are covered by
the area needed to reverse biodiversity loss. (Hannah et
al., 2020) calculated that by limiting global warming to 2°C
and conserving 30% of the terrestrial surface, aggregate
extinction risk would be more than halved relative to a
base case of unmitigated climate change and no increase
in conserved areas. These studies emphasize the strong
interlinkage between conservation, biodiversity, and climate
change mitigation.

Currently, 7% of the global oceans are in protected areas
(see Section 2). It is widely agreed that increased coverage
of marine protected areas is required to protect marine
biodiversity (30% protection by 2030 has been proposed)
vis-a-vis mitigating climate change impacts by sequestering
carbon in those areas (O’Leary et al., 2016; Roberts et al.,
2017; Sala et al., 2021). MPAs can act as wildlife refugia in
the changing environment and prevent the loss of species,
including those playing a key role as carbon sinks or
mediators of C sequestration, and help restoring carbon-rich
ecosystems (see Sections 5.1.1.6 and 5.1.1.7)

Establishing ecological corridors through landscape
conservation or ecoregion-based approaches is essential
to enhance the efficiency of protected areas in fragmented
landscapes and seascapes (Dinerstein et al., 2017; Keeley
et al., 2018; Littlefield et al., 2019). A large number of
corridors have carbon densities that approach or exceed
those of the protected areas they connect, containing for
example 15% of the total unprotected aboveground carbon
in the tropical region (Jantz et al., 2014). Under the ‘Global
Safety Net’ plan that aims to reverse biodiversity loss and
increase C storage and drawdown, only 4.3% of additional
area (based on 2.5 km corridor width) would be required

to connect all current protected areas by potential wildlife
and climate corridors (Dinerstein et al., 2020). In the marine
realm, ecological representation and connectivity between
marine protected areas would require at least 30% of sea
protected with a focus on areas most affected by human
activities (Roberts et al., 2020).

The connectivity requirement is especially high in
fragmented biomes that are functionally dependent on
processes that operate over scales larger than the typical
protected area or remnant fragments, for example tropical
forests (including dry forests), temperate grasslands, and
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tropical grasslands (Dinerstein et al., 2020). Successful
connectivity conservation includes community involvement,
habitat priority setting, forest landscape restoration, and
environmental services payments that satisfy tenets of
climate-smart conservation, improve the resilience of
human and ecological communities (Littlefield et al., 2019;
Townsend & Masters, 2015). Progress in protecting and
restoring habitat connectivity has been slow (Keeley et al.,
2018), and the climate benefits of connectivity conservation
have not been fully explored.

In cities, natural and semi-natural areas are inevitably
fragmented. To maximize biodiversity conservation, green
infrastructures acting as ecological corridors can be set
up: e.g., a) roadsides planted with multi-tiered planting with
diverse native species (Chan, 2019), b) park connectors,
rooftop and vertical greenery, and c) naturalizing drainage
channels) that also contribute to climate change mitigation
by reducing urban heat islands and increasing carbon
sequestration and carbon sinks (see Sections 5.1.2.6

and 5.2.2).

5.1.1.6 Rewilding with large terrestrial
mammals

This topic is also discussed in Section 3.3.4. Rewilding
includes fostering the regrowth of natural vegetation as well
as the reintroduction of native fauna, such as large predators
and herbivores. Vegetation regrowth, especially naturally
regenerating trees and shrubs in rewilded areas, contributes
to climate change mitigation by capturing carbon dioxide
and enhancing above-ground carbon pools (see Section
3). Animals have long been considered irrelevant for
carbon cycling in land ecosystems, simply because their
biomass is orders of magnitude lower than that of plants
and microbes (Bar-On et al., 2018; Schmitz et al., 2018).
This view is being challenged by an increasing body of
literature. Herbivory reduces above-ground live biomass,
enhances light transfer into the canopy, and increases
nutrient input to the soil through impact on litter amount
and quality. Herbivory also affects canopy structure, ranging
from shifts in the ratio of woody to herbaceous vegetation
in grasslands and savannas, to age structure and species
composition in forests (Sankaran et al., 2013; Schmitz et
al., 2018; Tanentzap & Coomes, 2012). Cascading trophic
effects triggered by top predators or the largest herbivores
propagate through food webs and reverberate through the
functioning of whole ecosystems, changing productivity
and net carbon storage significantly (Malhi et al., 2016;
Schuldt et al., 2018). Carnivore-herbivore-plant interactions
mediate soil and ecosystem carbon and nitrogen turnover
rates (Schmitz et al., 2018; Tanentzap & Coomes, 2012),
thus affecting fundamental properties of the terrestrial
carbon cycle. The overall impact on carbon uptake (and
thus climate change) is not yet well understood and likely
will differ between regions and ecosystem types. These
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carbon side effects associated with rewilding would need to
be monitored in order to determine the biodiversity-climate
interactions of rewilding efforts.

5.1.1.7 Rebuilding marine megafauna

Marine mammals, sharks and big predatory fish have been
severely overexploited for decades (Myers & Worm, 2003;
Roman, 2003), and are now the focus of many conservation
programs around the world. The functional role of these
emblematic species in the global carbon cycle has often
been neglected because of their relatively low biomass
compared to other taxa, and historically low levels reached
today. Recent studies show that these predators are
important to consider either as carbon sinks or mediators
of carbon sequestration in the ocean (Atwood et al., 2015;
Heithaus et al., 2014; Lavery et al., 2010; Mariani et al.,
2020; Passow & Carlson, 2012; Roman & McCarthy, 2010).

The role of predators has been particularly scrutinized in
marine vegetated coastal habitats (seagrass meadows,
mangroves, salt marshes), identified as carbon-rich
ecosystems that bury C at fast rates, especially mangroves
(Alongi, 2014), and contribute 50% of the total C buried

in ocean sediments (Duarte et al., 2005). In these coastal
wetlands, predators are essential to control the behaviour,
the abundance, the life history traits of herbivores and
bioturbators which in turn impact the canopy height, root
and shoot densities of the macrophytes, all characteristics
playing a role in C capture and storage in plants, C
sequestration in sediments, and particle trapping (Atwood
et al., 2015). Trophic downgrading triggered by the loss of
predators can on the contrary lead to the complete loss of
salt marshes and seagrass habitats (Atwood et al., 2015),
or severe reduction in the density of kelp forests (Wilmers
et al., 2012). The case of the green turtle, a vulnerable and
emblematic species, poses an interesting conservation
challenge, as this seagrass grazer, when at low to moderate
densities, plays an important role in enhancing seagrass
health by preventing the formation of sediment anoxia.
However, at high densities subsequent to intense rewilding
programs, and in the absence of overexploited sharks, their
main predators, green turtles can overgraze and deplete
seagrass beds (Heithaus et al., 2014). Hence the necessity
to envision and settle an integrated ecosystem-based
conservation program, preserving healthy populations of
both sharks and turtles to help restore seagrass habitats.

In offshore waters, whales contribute to the biological pump,
i.e., the removal of C from the euphotic zone to the deep
sea and sea bottom where it can be sequestered for several
centuries or more (Passow & Carlson, 2012), either through
the active vertical migration of animals (Aumont et al.,

2018) or through the passive sinking of feces, aggregates,
and dead organisms. The sinking of whales’ carcasses is
negligible compared to other contributors to the biological

pump, it is however a synergistic positive outcome of
rebuilding programs (Pershing et al., 2010). Maybe more
important is the role played by whales’ fecal plumes in
fertilizing surface waters in allochthonous limiting nutrients,
iron in particular, boosting primary production and thereby
capturing atmospheric C through to the ocean biological
pump (Lavery et al., 2010; Roman & McCarthy, 2010).

5.1.1.8 Avoided Deforestation

Tropical deforestation is a key driver of biodiversity decline
and contributed to almost one fifth of global anthropogenic
greenhouse gas emissions during the 1990s (annual
emissions of about ~1.5 GtC, Gullison et al., 2007).
International efforts to incentivize the slowing and ultimate
avoidance of deforestation were accelerated in the mid-
2000s with the negotiation of this modality under the
UNFCCC from 2005. The REDD+ mechanism (reducing
emissions from deforestation and forest degradation

in developing countries, REDD+) was adopted by the
UNFCCC in 2007. Potential synergies between mitigation
and biodiversity goals have been described as an
unprecedented opportunity, but a review of 80 REDD+
projects showed that biodiversity conservation goals
lacked specificity, and that links between goals, actions
and monitoring efforts were not coherent (Panfil & Harvey,
2015). National level reporting under UNFCCC and CBD
frameworks provides a significant opportunity to align
national mitigation and biodiversity goals relating to REDD+
(e.g., Johnson et al., 2019).

Recent evidence shows that the REDD+ mechanism has
been effective in some regions, for example, leading to
the avoid