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Actions to halt biodiversity loss generally benefit the climate
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The two most urgent and interlinked environmental challenges humanity faces are

the international biodiversity and climate change agendas with the sharpening of

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Global Change Biology published by John Wiley & Sons Ltd.

Glob Change Biol. 2022;00:1-29. wileyonlinelibrary.com/journal/gcb 1


www.wileyonlinelibrary.com/journal/gcb
mailto:﻿
https://orcid.org/0000-0002-7259-9265
https://orcid.org/0000-0001-8264-0869
https://orcid.org/0000-0002-5374-3866
https://orcid.org/0000-0002-9076-7867
https://orcid.org/0000-0001-7930-7678
https://orcid.org/0000-0003-4423-9374
https://orcid.org/0000-0003-0790-075X
https://orcid.org/0000-0002-8994-5507
https://orcid.org/0000-0002-2858-8622
https://orcid.org/0000-0003-3070-9988
https://orcid.org/0000-0003-4053-5694
https://orcid.org/0000-0003-1531-8831
https://orcid.org/0000-0001-6535-6575
mailto:﻿
https://orcid.org/0000-0002-4864-2980
https://orcid.org/0000-0002-8624-4983
https://orcid.org/0000-0002-3784-1124
http://creativecommons.org/licenses/by-nc/4.0/
mailto:yunne-jai.shin@ird.fr
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fgcb.16109&domain=pdf&date_stamp=2022-02-27

Ly

Funding information

European Union’s Horizon 2020 research
and innovation programme, Grant/
Award Number: 869300; Asia-Pacific
Network for Global Change Research,
Grant/Award Number: CRRP2018-
03MY-Hashimoto; REVOcean; Research
Institute for Humanity and Nature, Grant/
Award Number: 14200103; Institute of
Geography, Russian Academy of Sciences,
Grant/Award Number: 0148-2019-0007;
Environment Research and Technology
Development Fund, Grant/Award
Number: S-15; BiodivScen ERA-Net
COFUND, Grant/Award Number: ANR-18-
EBI4-0003-01

SHIN ET AL.

ambitious strategies and targets by the Convention on Biological Diversity and the
United Nations Framework Convention on Climate Change. Within their respective
Conventions, the biodiversity and climate interlinked challenges have largely been
addressed separately. There is evidence that conservation actions that halt, slow or
reverse biodiversity loss can simultaneously slow anthropogenic mediated climate
change significantly. This review highlights conservation actions which have the larg-
est potential for mitigation of climate change. We note that conservation actions have
mainly synergistic benefits and few antagonistic trade-offs with climate change miti-
gation. Specifically, we identify direct co-benefits in 14 out of the 21 action targets
of the draft post-2020 global biodiversity framework of the Convention on Biological
Diversity, notwithstanding the many indirect links that can also support both biodi-
versity conservation and climate change mitigation. These relationships are context
and scale-dependent; therefore, we showcase examples of local biodiversity conser-
vation actions that can be incentivized, guided and prioritized by global objectives and
targets. The close interlinkages between biodiversity, climate change mitigation, other
nature's contributions to people and good quality of life are seldom as integrated as
they should be in management and policy. This review aims to re-emphasize the vital
relationships between biodiversity conservation actions and climate change mitiga-

tion in a timely manner, in support to major Conferences of Parties that are about to

KEYWORDS

1 | INTRODUCTION

Increasing lines of evidence show the important contribution of
nature to climate change mitigation. More than 30% of anthro-
pogenic CO, emissions are estimated to be re-absorbed annu-
ally into the land surface (12.5 + 3.3 GtCO,e year! (2010-2019),
Friedlingstein et al., 2020) through forest regrowth, enhanced
photosynthetic CO, uptake and sequestration (Pugh et al., 2019;
Ahlstréom et al., 2015; Schimel et al., 2015). A further ca. 25% of an-
thropogenic CO, emissions is estimated to be absorbed by the ocean
(9.2 + 2.2 GtCO,e year™! (2010-2019), Friedlingstein et al., 2020;
IPCC, 2019), due to both CO, dissolution in the ocean and the or-
ganic carbon cycle driven largely by photosynthesis, carbon seques-
tration in coastal vegetated habitats and the biological pump that
moves carbon from the upper ocean layers to the deep ocean waters
and sediments. Uncertainties in these estimates are large and reflect
multiple challenges such as uncertain hindcasts of land-use change,
diverging process representations in models that contribute to these
estimates, different sensitivities of these models to inter-annual vari-
ation in weather and climate. The overall presence of a large natural
sink is well constrained, however, by the measured increase of atmo-
spheric CO, concentrations and the relatively well-quantified fossil
fuel and industrial emissions. These powerful land and ocean sinks
are currently by far the leading natural climate mitigation processes

negotiate strategic frameworks and international goals for the decades to come.

biodiversity conservation, carbon sequestration, climate change mitigation, convention on
biological diversity, nature-based solutions, restoration

globally. Their carbon sequestration potential can be protected, and
even enhanced, through ecosystem management on land and in the
oceans. In the United Nations Framework Convention on Climate
Change (UNFCCC) and Convention on Biological Diversity (CBD),
the concept of nature-based solutions has been proposed as a way
to harness natural processes to help solve the climate challenge and
reduce the loss of biodiversity, while providing other co-benefits for
nature's contributions to people.

Implementing nature-based solutions, therefore, takes advan-
tage of the strong connections between the climate system, the
oceans, the land, and nature within these realms. Crucially, this
needs to be managed without compromising the many nature's
contributions to people (NCP) (Girardin et al., 2021). In this paper,
we provide evidence of the potential effects of biodiversity conser-
vation on the climate system including the greater storage of CO,
emissions by land and marine ecosystems, lowering greenhouse gas
(GHG) emissions, for example, by altered wildfire management and
land use practices, and changing the reflection of solar energy from
the land surface (albedo change). The central question we address is
the extent to which actions taken to halt or reverse biodiversity loss
have consequences for these climate change mitigation processes,
and how, when and where the form and strength of such links vary.

The last decade has seen increased concerns about biodi-
versity loss, with multiple lines of evidence that nature and its
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contributions to people are declining globally at unprecedented
rates (Diaz et al., 2019; IPBES, 2019; WWF, 2020). National level
responses have not been at the level of required actions, partially
achieving only a handful of the Aichi Biodiversity Targets of the
CBD Strategic Plan for Biodiversity 2011-2020 (Butchart et al,,
2019; Secretariat of the Convention on Biological Diversity, 2020).
Thus, there are high expectations for the upcoming CBD fifteenth
Conference of the Parties (CBD COP 15) which will be held in
2022 in Kunming (China) to finalize a new set of well-defined goals
and targets that would incentivize strong and ambitious actions
to reverse the loss of biodiversity. In the first draft of the post-
2020 global biodiversity framework of the CBD released in July
2021 (CBD 2021), there is a dedicated target on mitigation and
adaptation to climate change—‘Target 8: Minimize the impact of
climate change on biodiversity, contribute to mitigation and ad-
aptation through ecosystem-based approaches, contributing at
least 10 GtCO,e per year to global mitigation efforts, and ensure
that all mitigation and adaptation efforts avoid negative impacts
on biodiversity’. The UNFCCC Paris Agreement, under Decision
1/CP.21, made a singular reference to biodiversity where Parties
noted in the preamble ‘the importance of ensuring the integrity
of all ecosystems, including oceans, and the protection of biodi-
versity, recognized by some cultures as Mother Earth, and noting
the importance for some of the concept of “climate justice”, when
taking action to address climate change'. Although we see a step
forward in the recognition that biodiversity and climate change
are interconnected by decision- and policy-makers in these two
separate Conventions, the two issues are still largely addressed
separately and in an unbalanced manner.

Based on the work conducted for section 5 of the scientific out-
come of the IPBES-IPCC co-sponsored workshop on biodiversity
and climate change (Portner et al., 2021), we review recent scientific
evidence relevant to assessing potential synergy between slowing
and halting biodiversity loss and avoiding dangerous climate change.
To what extent are these most urgent and important challenges fac-
ing humanity today interlinked by mechanistic links and feedbacks?
Here, we focus on links between biodiversity conservation actions
and climate change mitigation. Such actions and interventions are
context and scale-dependent; therefore, we showcase examples
of local biodiversity conservation actions that can be incentivized,
guided and prioritized by global objectives and targets given all ac-
tions matter.

2 | POST-2020 BIODIVERSITY GOALS
HAVE STRONG POTENTIAL CO-BENEFITS
FOR CLIMATE CHANGE MITIGATION

Many policy measures designed to address biodiversity loss and
degradation of NCP have potential co-benefits with climate change
mitigation (Girardin et al., 2021; Poértner et al., 2021). The level of
such co-benefits largely depends on which processes and nature
components are targeted by management actions. Just as it is

oo, MOEMIE

important to distinguish between carbon capture (e.g. by photosyn-
thesis), storage (e.g. in the bodies of organisms) and sequestration
(e.g. protected from microbial activity in soils and sediments for pe-
riods of centuries to millennia) (Bax et al., 2021; Siegel et al., 2021),
understanding differences between carbon sinks and feedbacks also
greatly aids understanding of climate and biodiversity interactions.
Albedo feedbacks (and other feedbacks arising from biophysical pro-
cesses at the land surface) on climate may be an important compo-
nent of climate change, but they are currently ignored by UNFCCC
guidelines in accounting for the climate benefits of actions taken in
support of climate change mitigation (Duveiller et al., 2020; Jia et al.,
2019; Perugini et al., 2017).

Carbon sinks result from net carbon capture and storage and
can be mediated by physicochemical (e.g. direct oceanic uptake of
CO, via the solubility pump, which leads to ocean acidification) or
biological processes (photosynthesis and subsequent storage of the
assimilated carbon). Sinks can be either local (the carbon is captured
and stored in, e.g. forests or peatlands) or act by exporting the car-
bon in remote sites (e.g. kelp forests exporting to deep seas, or the
marine vertical biological pump). Many natural carbon sinks and the
capacity of processes driving those sinks are reduced by climate
change, thereby exacerbating climate change further (positive feed-
back; Arneth et al., 2010). In contrast, some carbon sinks, such as
polar continental shelves and boreal forests (taiga) increase with cli-
mate change, so they strengthen mitigation (negative feedback; Piao
et al.,, 2006; Zhu et al., 2016). Biodiversity conservation measures
and nature-based climate solutions can be powerful in regulating cli-
mate when they concern natural carbon sinks that are large and have
negative feedbacks on climate change.

The first draft of the post-2020 Global Biodiversity Framework
provides 21 action-oriented targets for 2030 which aim to contrib-
ute to the 2050 Vision for Biodiversity. Most of the framework tar-
gets have direct or indirect impacts on climate change mitigation
(Table 1), even though they were not primarily designed with this
goal. Here, we highlight a subset of biodiversity measures that are
shown to have impacts on the climate system, based on potential
contributions to carbon capture, storage and sequestration, the al-
bedo effect and non-CO, GHG fluxes.

2.1 | Restoring degraded natural areas and
retaining existing intact wilderness areas (Targets
1and?2)

Restoring degraded natural areas is a flagship target of the post-
2020 global biodiversity framework of the CBD and put in the spot-
light by the UN Decade on Ecosystem Restoration (2021-2030).
Restoration is particularly critical where natural systems are so dam-
aged that spontaneous recovery is unlikely or too slow compared
with their degradation rate. Initially designed for protecting nature
and its contributions to people, restoration programs provide op-
portunities for climate change mitigation, if selected ecosystems are
both rich in species and potentially large carbon sinks.
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TABLE 1 Action targets for 2030, from the first draft of the post-2020 global biodiversity framework of the CBD (refer to CBD (2021)
for the full and exact wording of the targets), and examples of biodiversity measures with contributions to climate change mitigation, and
the reliability associated with achieving mitigation outcomes. The colour coding reflects expert judgement based on scientific literature
(see Table S1 and main text). Target 8 is the outcome of all targets having significant and reliable positive contributions to climate change
mitigation. (T: Target, ILK: Indigenous and Local Knowledge, IPLC: Indigenous Peoples and Local Communities)

T1  Biodiversity-inclusive spatial planning addressing land/sea use Avoiding deforestation (2.1) il
change, retaining intact & wilderness areas Avoiding degradation of permafrost areas .

(2.1) '
T2 Restoration of at least 20% of degraded ecosystems, ensured (R;:(;restahom avolding forests degradation =

connectivity & focus on priority areas

Coastal restoration (2.1) et
Restoring degraded semi-arid ecosystems o
(2.1) :
Restoring inland wetlands (2.1) T
Biodiversity offsets (2.1) +
T3 Well connected & effective system of protected areas, at least 30% of Expanding networks of protected areas & o
- the planet corridors (2.2) o
T4 Recovery & conservation of species of fauna & flora (F;eev'\;}ding Withlerge"terrestylad mammeals ?
Rebuilding marine megafauna (2.3) +
T5 Sustainable, legal & safe harvesting, trade & use of wild species Sustainable fishing (2.4) +
T6 Prevention & reduced rate of introductions, control or eradication of
invasive alien species
7 Reduced pollution from all sources, including excess nutrients, Reducing pollution from excess nutrients
pesticides, plastic waste (2.5)
Impacts of climate change on biodiversity minimized, contributions to .
T8 ; St ; e o
climate change mitigation, adaptation
Ensured benefits, incl. food security, medicines, & livelihoods, through . o . _ L
T9  sustainable management of wild species RSB RS O Wi spedeaie ) &
T10 All areas under agriculture, aquaculture & forestry are managed gofglversny-frlendly agrioultural systems +
sustainably, through biodiversity conservation & sustainable use & :
increased productivity & resilience Intensive vs less intensive agriculture (2.6) +
Combatting woody plant encroachment (2.6) 7
™ Contribution to regulation of air quality, hazards & extreme events & @ 0
- quality & quantity of water ]
Increased area of, access to, & benefits from green/blue spaces for  Increasing benefits from biodiversity &
T12 e . +
health & well-being in urban areas green/blue spaces in urban areas (2.7)
Ensured access to & the fair & equitable sharing of benefits from '
- genetic resources & traditional knowledge
T14 Biodiversity values |ntegrateq into policies, regulations, planning, Mainstreaming biodiversity (2.8) *
development, poverty reduction, accounts & assessments
T15 Dependencies & impacts on biodiversity assessed in all businesses,  Sustainable food production & supply chains 4
‘negative impacts halved (2.4)
T16 People are informed & enabled to _rnake responsible choices, to halve Sustainable consumption patterns (2.9) %
the waste & reduce overconsumption where relevant
M7 Preventing, managing or controlling potential adverse impacts of
biotechnology on biodiversity & human health
T18 Redirect, repurpose, reform or eliminate incentives harmful for Eliminating incentives harmful for &
biodiversity in a just & equitable way biodiversity (2.10)
T19 Increasing financial resources & flows to developing countries, 5

T20

T21

ensured capacity-building, technology transfer & science cooperation

Relevant knowledge, incl. ILK, guides the management of biodiversity

by promoting awareness, education & research
Equitable & effective participation in decision-making by IPLCs,
respecting their rights over lands, territories & resources

Contribution to climate change mitigation

. Significantly positive, strong scientific evidence
Potentially positive, incomplete evidence & quantification
Unresolved, lack of evidence, system-dependent, tradeoffs

Indirect positive
Loose or non-existent link
Negative, strong scientific evidence

Reliability of the mitigation outcome

++ High
+ Medium

? Unresolved, lack of evidence
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2.1.1 | Reforestation, avoided deforestation and
degradation of forests

Large-scale degradation of tropical and subtropical forests and
woodlands is mainly driven by agricultural expansion and biofuel
production and adversely affects both biodiversity and carbon
stocks (Curtis et al., 2018; FAO, 2020; IPBES, 2019; Laurance et al.,
2014; Mackey et al., 2020). Tropical deforestation contributed to al-
most one fifth of global anthropogenic GHG emissions during the
1990s (~5.5 GtCO2e year *; Gullison et al., 2007). Recent remote
sensing studies highlight that the increasing area over which tropical
forest is being degraded may already match or exceed the area of
tropical deforestation (Bullock et al., 2020; Matricardi et al., 2020).
Above-ground carbon losses due to degradation could increase es-
timates of gross deforestation losses by between 25% and more
than 600% (Baccini et al., 2017; Maxwell et al., 2019; Pearson et al.,
2017). Additional losses from tropical forest soils are unknown.
Dryland forest and savannah have been deforested and degraded for
many decades, in South America (e.g. Chaco and Cerrado systems;
Mustin et al., 2017), Australia (e.g. Eucalypt woodlands; Queensland
Department of Science, Information Technology and Innovation,
2017) and Asia (Tolle et al., 2017), with African woodlands having
some of the highest deforestation rates in the world (e.g. 2,500-
3,000 km? year™ in Zambia; Vinya et al., 2011).

The adoption of the REDD+mechanism (reducing emissions
from deforestation and forest degradation in developing countries)
by the UNFCCC in 2007, has provided a significant opportunity to
align national climate change mitigation and biodiversity goals and
has strengthened international efforts to slow and ultimately avoid
deforestation (Johnson et al., 2019). Recent evidence shows that
REDD+projects have been effective in some regions, for example,
leading to the avoidance of 1.5 (+0.4) GtCO,e emissions from tropi-
cal forest in Brazil alone, between 2006 and 2017 (West et al., 2019)
but efforts are not always sustained over the long term and a range
of barriers exists in some other tropical regions such as in Indonesia
(Ekawati et al., 2019) and in Africa (Gizachew et al., 2017).

Reforestation or restoration of degraded forests and woodlands
with indigenous species plays a role in addressing losses of biodiver-
sity and NCP, including through recovering the soil carbon stocks of
these ecosystems (e.g. Edwards et al., 2021; Sileshi, 2016), and by
targeting spatial spots that allow to re-establish forest habitat conti-
nuity with additional positive impacts (e.g. Atlantic Forest; Newmark
etal.,, 2017; Strassburg et al., 2018). It has been estimated that refor-
esting up to 3.7 million km? of degraded tropical forest (less than half
the potentially reforestable area) could support a carbon uptake rate
of 5.5 GtCO,e year™! by 2030, while contributing to conservation
of forest-dependent vertebrate species (Kemppinen et al., 2020).
Reforestation using monoculture plantations of non-indigenous spe-
cies (e.g. Lewis et al., 2019), as well as some large scale sylviculture
programs (e.g. Brazil; Mustin et al., 2017; Ethiopia; Pistorius et al.,
2017) pose significant risks for nature and its contributions to peo-
ple (Reisman-Berman et al., 2019) but these practices are currently
being incentivized financially.

ST v -

2.1.2 | Coastal restoration
Coastal habitats and ecosystems (e.g. mangroves, seagrass, salt
marshes, coral reefs) are highly productive areas, harbouring large
amounts of biological diversity, and providing valuable ecosys-
tem services (e.g. water quality, carbon sequestration, food, liveli-
hoods, cultural services and coastal protection; Mcleod et al., 2011).
Coastal ecosystems are exposed to increase in temperature, acidi-
fication, sea level rise, salinification, and exposure to intensified
storms (IPCC, 2014; Hoegh-Guldberg et al., 2018). Urbanisation and
coastal hardening further exert a strong pressure with increasing
clustering of cities and other forms of development along the coasts
(Barragan & de Andrés 2015; Liu et al., 2018; Loke et al., 2019).
All these pressures have considerably shrunk the extent of many
coastal ecosystems such as mangroves (Babcock et al., 2019), coral
reefs (Oppenheimer et al., 2019) or seagrass (Waycott et al., 2009).
Critically, the destruction and the degradation of these habitats re-
sult in reduced ‘blue carbon’ stocks by slowing biomass accumula-
tion and exposing soils to increased oxidation of organic deposits
(Mcleod et al., 2011). Compared to terrestrial forests, the global
carbon sequestration is much lower in coastal systems due to their
smaller extent, but the amount of carbon sequestration per unit of
coastal vegetated area is typically much higher (Donato et al., 2011).
The success and costs of restoration options has varied between
coastal ecosystems. Bayraktarov et al., (2016) reviewed restoration
costs across a range of coastal ecosystems and found that coral reefs
and seagrass beds were among the most expensive ecosystems to
meaningfully restore, whereas mangrove restoration projects were
the least expensive per unit area. It has also been shown that man-
grove forests are capable of storing and sequestering a substan-
tial proportion of carbon in both their biomass and soil substrates
(Sanderman et al., 2018) even when fringing dense urban develop-

ment areas (e.g. in Singapore; Friess et al., 2015).

2.1.3 | Avoiding degradation of permafrost areas

The perennially frozen ground, known as permafrost, stores large
amounts of organic carbon. The permafrost found in the Arctic
and high mountain regions contains twice as much carbon as the
atmosphere and about four times as much as all the carbon emit-
ted by human activity from 1960 to 2019 (Canadell et al., 2021;
Friedlingstein et al., 2020; Schadel et al., 2014). Permafrost wet-
lands degrade due to climate warming and commercial minerals
extraction (CAFF, 2021; Opekunova et al., 2018; Peterson, 2001).
Because of global warming, permafrost thaw, more frequent wild-
fires and shifts in hydrological flows in the permafrost region are
anticipated (Canadell et al., 2021; Mishra et al., 2021). The upshot
is the release of the carbon stored in the soil, biogenic CO, and
CH, emissions and water quality reduction (Bruhwiler et al., 2021).
These alterations impact biodiversity negatively because of soil
moisture change and habitat loss, and increase the risk of extinc-
tion of wetland endemic and dependent species (Shin et al., 2019).



SHIN ET AL.

Ly S

Better management of permafrost wetlands, stopping destructive
activities (drainage or excavation), preserving undamaged peat-
lands, rewetting artificially drained areas and restoring degraded
areas will help maintaining their biodiversity and keeping carbon
locked in the ground (Anisha et al., 2020; Avagyan, et al., 2017).
Such management actions have been successfully implemented
by the plan on the Long-Term Gravel Pad Reclamation in Alaska
(Peterson, 2001) and the Strategic Plan for peatland conservation
and wise use in Mongolia (Ariunbaatar et al., 2017). In northern
high-latitude ecosystems, introducing large herbivores compacts
snow and decreases its depth due to winter grazing and animal
movements. This substantially reduces the thermal insulation ef-
ficiency of snow during wintertime and exposes permafrost to
colder temperatures, thereby preventing or decreasing CH4 re-
lease from permafrost thawing. In addition, the selective grazing
by large herbivores changes vegetation and soil properties, by de-
creasing shading and surface roughness, which may result in an
increase of summer albedo (Cahoon et al., 2012; Falk et al., 2015;
Schmitz et al., 2018; te Beest et al., 2016). Such an ecosystem-
based management experience could be scaled up to the entire
Arctic permafrost region as a strategy to support mitigation of the
global climate (Table 2 and Case study 11 in Table S3).

2.1.4 | Restoring degraded semi-arid ecosystems
Degradation of semi-arid ecosystems leads to significant carbon
emissions via soil erosion and degradation (e.g. Chappell et al.,
2016, 2019). Reversal of soil degradation is a longstanding focus of
the UN Convention to Combat Desertification. Rebuilding soil (es-
pecially) and plant carbon stocks in semi-arid regions is seen as a
potentially significant contribution to mitigation of CO, emissions
because these regions are vast, and they appear to affect both the
interannual variability and trend in the land carbon sink (Ahlstrom
etal., 2015). But this view is not fully supported by the evidence (e.g.
Yusuf et al., 2015), and the efficacy of restoring degraded semi-arid
systems is, thus, somewhat contested (Gosnell et al., 2020). Many
semi-arid systems have been observed as having ‘greening’ trends
(Fensholt et al., 2012; Leroux et al., 2017; Stevens et al., 2017), ten-
tatively linked to plant fertilization by rising atmospheric CO, (Deng
et al., 2021; Donohue et al., 2013; Zhu et al., 2016), with one of the
outcomes being an increase in the competitive advantage of woody
plants over grasses and increasing woody cover in these ecosystems.
Global analysis suggests that this greening is associated with soil
drying as a result of higher plant cover (Deng et al., 2020) and that
associated shrub encroachment reduces grazing potential (Anadén
etal.,, 2014).

2.1.5 | Restoring inland wetlands

Inland wetland ecosystems provide vital services, such as food and
freshwater, water purification and flood prevention. Humans use

inland wetlands intensively for agriculture, aquaculture and urban
development causing widespread degradation (IPBES, 2018). While
important for global carbon sequestration, the disturbance of
wetlands could result in increases of GHGs (Adhikari et al., 2009).
Conversion, drainage and degradation of tropical wetlands and peat-
lands are important drivers of current increases in the atmospheric
concentration of CH, (Shukla et al., 2019). Notably, many irrigated
rice areas are Ramsar sites for the protection of endangered species
(Xi et al., 2020), but these are also important emitters of CH, in the
atmosphere (Shukla et al., 2019).

The protection and restoration of wetlands and peatlands is ex-
pected to reduce net carbon loss to the atmosphere between 0.15 and
0.81 GtCO2e year'1 up to 2050 (Couwenberg et al., 2009; Griscom
et al., 2017; IPCC, 2019) and provide continued or restored natural
CO, removal (IPCC, 2019). There has been significant knowledge
gained over the last decade on wetland drainage and rewetting prac-
tices (IPCC, 2013), while the carbon storage and flux rates, in partic-
ular the balance between CH, sources and CO, sinks are still hard to
quantify (IPCC, 2019; Spencer et al., 2016). Recent evidence shows
that tropical wetland CH, emissions are underestimated, perhaps by a
factor of two (IPCC, 2019). This could be due to the lack of inclusion
of release by tree stems (Pangala et al., 2017). However, consistent
with inventory data, agriculture may be a more probable source of in-
creased emissions, for example, from wetland rice and livestock pro-
duction systems in the tropics (Patra et al., 2016; Schaefer et al., 2016;
Wolf et al., 2017). For peatlands models show mixed results for their
role as future sink (Chaudhary et al., 2017; Ise et al., 2008; Spahni et al.,
2013). Extensive historical data sets suggest that the currently global
peatland sink could increase slightly until 2100 and decline thereafter,
under scenarios of future warming (Gallego-Sala et al., 2018).

2.1.6 | Biodiversity offsets

Biodiversity offsetting is the practice of mitigating the negative im-
pacts of developments on biodiversity (e.g. urban development, min-
ing, agricultural expansion) by setting aside areas for restoring or
protecting biodiversity elsewhere. Biodiversity offsets are meant to
compensate for the services of carbon storage in biomass and soils
through the development of newly restored or created habitats either
in public or private lands. There are 12,983 listed biodiversity offsets
under no net loss (NNL) principles implemented across 37 countries,
predominantly forest ecosystems, covering about 153,679 km? (Bull
& Strange, 2018). The true benefits of biodiversity offsetting are cur-
rently being questioned. Although a large number of offset projects are
located in less industrialized and emerging economies, existing stud-
ies on biodiversity offsets focused on North America, Western Europe
and Australasia (Bull & Strange, 2018). In addition, although biodiver-
sity offset programs advocate NNL principles, a recent review revealed
that only one third of biodiversity offsets met the NNL principle with
varied performance across different ecosystems (zu Ermgassen et al.,
2019), suggesting the limited capacity of existing biodiversity offset-
ting projects to regulate climate and compensate for biodiversity loss.
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Impacts of biodiversity measures

Regulating NCP

fm Material NCP

/-[‘a MNon-material NCP

Case study (C5) number

Climate change mitigation -.‘b -\

Bicdiversity status = Ci_l

Strong positive impacts
Moderate positive impacts
Unresolved/trade-offs
Megative impacts

FIGURE 1 Example case studies (see Table 2, and Supplementary material for full description of the case studies and references) showing
emerging synergies or trade-offs between biodiversity conservation, climate change mitigation and nature's contributions to people (NCP).
For each case study, five pieces of information are color-coded in a pie chart regarding the impacts of biodiversity conservation measures
on: biodiversity, climate change mitigation, regulating, material and non-material NCP. None of the biodiversity measures implemented in
the case studies resulted in negative impacts (indicated in orange), despite the fact that we had considered such negative impacts as possible
in our assessment. CS: Case study, CS1: Kailash Sacred Landscape Conservation and Development Initiative, CS2: Cultural landscapes in
Central Europe, CS3: Irrigated rice terraces and forests in Southeast Asia, CS4: The Coral Triangle initiative, CS5: Biodiversity-friendly cities
and urban areas, CSé: The Sundarbans, India-Bangladesh, CS7: Southern Ocean, South Georgia Island, CS8: Marine BBNJ (Biodiversity
Beyond National jurisdiction), South Orkney Islands, CS9: Bush encroachment, Southern Africa, CS10: Amazonian rainforest, CS11:

Pleistocene Park, North-eastern Siberia, CS12: African Peatlands

It should also be noted that, even when the offsetting program meets
the NNL principle and is successful in maintaining carbon storage for
climate change mitigation, biodiversity offsets can limit local people's
access to, or cause loss of benefits from, the biodiversity and NCP
on which their livelihoods depend, and so impacting their adaptation
to climate change (Jones et al., 2019). However, existing studies on
biodiversity offsets rarely assess potential trade-offs between carbon
storage and other ecosystem services (Sonter et al., 2020). Applying
the NNL principle to offsetting programs will not necessarily minimize
the trade-offs and disconnects between the loss of local benefits from
biodiversity, with gains in remote or global benefits. To avoid such
trade-offs, the type and distributions of NCP should be taken into
consideration in the offsetting process along with the NNL principle,
through more spatially explicit evaluation of NCP.

2.2 | Implementing a well-connected and effective
system of protected areas (Target 3)

2.21 | Expanding the network of protected areas

As of July 2021, protected areas cover 15.7% of terrestrial habitats and
7.7% of marine habitats (UNEP-WCMC, 2021). There is increasing evi-

dence that creating new protected areas and maintaining existing ones
can help mitigating climate change through carbon sequestration and

storage on land (Dinerstein et al., 2020; Soares-Filho et al., 2010; UNEP,
2019) and at sea (O’Leary et al., 2016; Roberts et al., 2017; Sala et al.,
2021). At sea, ecological representation and connectivity between ma-
rine protected areas would require at least 30% of sea protected, with a
focus on areas most affected by human activities (Roberts et al., 2020).
Most known, and nearly all measured examples of linking marine pro-
tection to climate change mitigation are in coastal wetlands, yet the vast
majority of ocean (and protected ocean) is deep water. Although little
studied, deep water ecosystems can hold considerable and important
seabed carbon, such as around remote islands and seamounts (Barnes
et al., 2019), Arctic and Antarctic continental shelves (see Souster et al.,
2020 and Bax et al., 2021, respectively). On land, it is estimated that
current protected areas store between 12% and 16% of land carbon
stocks (Dinerstein et al., 2020; Melillo et al., 2016). To both reverse bio-
diversity loss and stabilize the climate, Dinerstein et al., (2020) suggest
that protected areas should cover 50.4% of the terrestrial realm, storing
atotal of 1420 GtC. There is a substantial overlap of 92% between areas
that require reversing biodiversity loss and the areas needing protection
for enhancing carbon storage and drawdown. It is argued that by limit-
ing global warming to 2°C and conserving 30% of the terrestrial surface,
aggregate extinction risk could be reduced by more than half compared
with business as usual scenario of unmitigated climate change and no
increase in conserved areas (Hannah et al., 2020). These studies, while
needing to be consolidated, suggest a stronger interlinkage between
biodiversity conservation and climate change mitigation.
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2.2.2 | Establishing ecological corridors

Enhancing efficiency and effectiveness of protected areas in frag-
mented land- and sea-scapes require establishment of ecological
corridors (Dinerstein et al., 2017; Keeley et al., 2018; Littlefield et al.,
2019). The carbon densities found in most of the ecological corri-
dors are similar to those found in the protected areas they connect
(Jantz et al., 2014). The ‘Global Safety Net’ plan—that aims to re-
verse biodiversity loss and increase carbon storage and drawdown
by connecting all protected areas—indicates the need of only 4.3%
of additional areas (but based on 2.5 km corridor width) (Dinerstein
et al., 2020). Hallmarks of successful connectivity conservation in-
cludes community involvement, habitat priority setting, restoration
actions and environmental services payments that satisfy tenets of
climate-smart conservation and 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 their climate benefits have not

been fully explored.

2.3 | Recovering and conserving wild species
(Target 4)

Gaining increasing attention and supported by the 2021-2030 UN'’s
decade of ecosystem restoration (https://www.decadeonrestora
tion.org/), ‘rewilding’ conceives the restoration and protection of
natural ecosystem processes, with no or little human interference
following initial restoration. On land, vegetation and soils in most
natural ecosystems store more carbon than systems managed for ag-
riculture, forestry or grasslands. Rewilding is, therefore, considered
a potentially important contribution to climate change mitigation,
since the regrowing plants remove carbon dioxide from the atmos-
phere, storing this carbon in biomass and soils (Arneth et al., 2021;
Smith et al., 2020; Strassburg et al., 2020). Rewilding, however, often
also means trophic rewilding such as the reintroduction of large
mammal herbivores or carnivores into ecosystems, supporting over-
all restoration efforts by rebuilding trophic cascades and promot-
ing system self-regulation (Bakker & Svenning, 2018; Sandom et al.,
2020). Presence or absence of animals and the relative abundance
of different animal groups affect ecosystem functioning, for exam-
ple, by altering the amount of above-ground biomass, changing light
transfer into the canopy, albedo and evapotranspiration, altering
plant species composition, affecting wildfire and mediating soil and
ecosystem carbon and nitrogen turnover rates (Perino et al., 2019;
Schmitz et al., 2018). It is widely accepted that the reintroduction of
animals as part of rewilding will not only gain—often charismatic—
species but also bring their ecosystem function. The impact of eco-
system processes relevant for climate change mitigation may well be
considerable, as inferred from experimental plots, satellite remote
sensing analyses, as well as assessment of paleo-data (Cromsigt
et al., 2018; Perino et al., 2019; Sandom et al., 2020; Schmitz et al.,
2018). Whether or not trophic rewilding could be part of targeted
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mitigation strategies is unclear, however, and discussed contro-
versially (Bakker & Svenning, 2018; Cromsigt et al., 2018; Sandom
et al., 2020; Schmitz et al., 2018). Trophic rewilding could trigger
processes that support mitigation as well as opposing it (Bakker &
Svenning, 2018; Cromsigt et al., 2018; Sandom et al., 2020; Schmitz
et al., 2018). Likely, the net climate impacts will differ strongly be-
tween regions and ecosystem types, and also how climate change
will impact trophic interactions and species communities (Bakker &
Svenning, 2018; Cromsigt et al., 2018; Sandom et al., 2020; Schmitz
etal., 2018).

At sea, 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. As for terrestrial mammals, the contribution of these em-
blematic species in the global carbon cycle has been neglected until
recent studies show the role of these predators either as carbon sinks
or mediators of carbon sequestration in the deep 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 animals has been particularly scrutinized in marine
vegetated coastal habitats, identified as carbon-rich ecosystems,
where predators are essential to control the abundance of herbi-
vores and bioturbators, which in turn impact the canopy height, root
and shoot densities of the macrophytes, all characteristics playing a
role in carbon capture and storage in plants, sequestration in sed-
iments, and particle trapping (Atwood et al., 2015). Trophic down-
grading triggered by the loss of predators can 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 high densities as a result of intense rewilding programs, and
in the absence of predators (overexploited sharks), can overgraze
and deplete seagrass beds (Heithaus et al., 2014).

In offshore waters, whales contribute to the biological pump, that
is, the removal of carbon from the euphotic zone to the deep sea and
sea bottom where it can be sequestered for several centuries or more
(Passow & Carlson, 2012). While the sinking of whales’ carcasses is
negligible compared with other drivers of the biological pump, it serves
as a synergistic positive outcome of rebuilding programs (Pershing
et al., 2010). Possibly more important is the role played by whales’
faecal plumes in fertilizing surface waters in allochthonous limiting
nutrients, iron in particular, boosting primary production and thereby
capturing atmospheric carbon down to deeper waters via the ocean
biological pump (Lavery et al., 2010; Roman & McCarthy, 2010).

2.4 | Ensuring sustainable harvesting of wild
species, food production and supply chains (Targets 5,
9 and 15)

With the global human population projected to reach over 9 bil-
lion by 2050 (Adam, 2021), it is likely that we will need to produce
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more food, from land and the oceans, as well as to substantially re-
duce food loss and waste. Agriculture is one of the main causes of
biodiversity loss on land (Green et al., 2005; IPBES, 201%9a, 2019b;
Newbold et al., 2015, 2016), due to a wide range of impacts includ-
ing agriculture expansion into natural ecosystems, conversion for
livestock farming, pollution from pesticides and fertilizers and its
contribution to climate change (Crist et al., 2017; IPBES, 2019a).
The biodiversity status of agricultural land and food supply chains
can be improved by interventions such as the following: (a) sustain-
able intensification of production (Pretty et al., 2018), which allows
land to be freed for nature conservation (Balmford et al., 2018; and
see Section 2.6), (b) less intensive farming practices, for example, by
adopting agroecological techniques (Albrecht et al., 2020; Tittonell
et al., 2020; and see Section 2.6)—although this could exacerbate
the clearance of natural ecosystems for agriculture if it resulted in
lower productivity (Phalan et al., 2011), and (c) demand-side changes
in the food supply chain, such as dietary shifts toward more plant-
based diets containing less meat and dairy (Alexander et al., 2016;
Bajzelj et al., 2014; Xu et al., 2021), and reducing food loss and
waste (Alexander et al., 2017; Gustavsson et al., 2011), which re-
duces demand for products with a large land footprint (Hayek et al.,
2021). These interventions to improve the biodiversity status of
agricultural land also have significant climate change mitigation and
adaptation benefits with mitigation potentials ranging from 0.1 to
8 GtCO,e year ?, and adaptation benefits accruing to up to 2.3 bil-
lion people (Smith et al., 2020a).

In the ocean, fishing wild species as the main source of seafood
production is a major driver of biodiversity loss as a result of over-
exploitation, bycatch and destruction of habitats (IPBES, 2019a,
2019b; Rogers et al., 2020). Fishing can also impact carbon fluxes,
by exporting ocean carbon to land and ultimately to the atmosphere
that would otherwise be sequestered in the deep sea (Mariani et al.,
2020; Sala et al., 2021). Downward passive transport of carbon from
the surface to the deep ocean occurs through sinking of dead car-
casses, faecal pellets of fish and invertebrates, and this has been
shown to be a significant contribution to the biological pump. By
preventing these natural processes to happen, large pelagic fish-
eries have released an estimated minimum of 0.73 GtCO,e since
1950 (Mariani et al., 2020). In addition, fishing impacts the biologi-
cal pump by extracting organisms that realize active diurnal vertical
migration (DVM), feeding at the surface at night, and then joining
the deeper mesopelagic domain during daytime where they produce
faecal pellets. The flux of carbon driven by DVM is estimated to be
3.85 + 0.5 GtCO, year™?, about 18% of the passive flux of carbon
(Aumont et al., 2018). In the Southern Ocean, fishing krill (Euphausia
superba) has the potential to impact the biological pump significantly
as krill is estimated to be responsible for about 35% of the current
export of carbon to the ocean floor in the marginal ice zone (Belcher
et al. 2019). An additional effect of fishing comes from the disrup-
tion and resuspension of sediments by bottom trawling, enhancing
remineralization of organic matter and releasing CO, in the water
column (Atwood et al., 2020). The release of carbon into the atmo-
sphere is massive during the first years of bottom trawling. For the

surface currently trawled each year (1.3% of the global ocean), in a
fictitious scenario where this surface would be free from previous
disturbance, carbon emissions after 1 year of trawling are estimated
at 1.47 Gt aqueous CO,, equivalent to about 15-20% of the atmo-
spheric CO, absorbed by the ocean each year (Sala et al., 2021).

Concerns regarding unsustainable fish production have driven
a number of efforts to minimize environmental impacts, including
developing sustainable aquaculture practices. These efforts first fo-
cused on replacement of fish-derived protein and oil in aquaculture
feeds with plant products resulting in a reduction of the trophic level
of aquaculture species (Cottrell et al., 2021). This has a direct impact
on fishing wild fish species for feed, with indirect consequences on
the biological pump of carbon. There has also been a focus on de-
velopment of integrated multitrophic aquaculture (IMTA) and culti-
vation of low trophic level species that do not require inputs from
fisheries. IMTA relies on raising species from different trophic lev-
els in close proximity to one another so that waste materials from
one species cultivation serve as input food and nutrients for others
(Knowler et al., 2020). Examples of IMTA include the cultivation of
salmon with mussels and kelp or the growth of sea cucumbers with
seaweeds and mussels (e.g. Knowler et al., 2020; Stenton-Dozey
et al., 2020). Cultivation of seaweeds has been concentrated in
south east Asia but is now expanding globally in areas suitable for
growth (Cai et al., 2021). Seaweeds can be used as a healthy food
source, as food additives (e.g. phycocolloids), as animal feeds (reduc-
ing methane production from ruminants) and a range of other prod-
ucts such as bioplastics (Ditchburn & Carballeira, 2019; Kim et al.,
2019). Seaweed cultivation can also have significant environmental
benefits including removal of excess macronutrients such as N and
P from coastal waters (Xiao et al., 2017), CO, capture (e.g. Sondak
et al., 2016) and can form habitat for natural populations of marine
animals such as fish (also for bivalve cultivation; Theuerkauf et al.,
2021). Research is currently underway to determine the scope of
expanding IMTA and low trophic level aquaculture geographically as
well as the environmental carrying capacity of these forms of food
production if it is to be undertaken sustainably (e.g. Cai et al., 2021,
Froehlich et al., 2019; Stenton-Dozey et al., 2020).

2.5 | Reducing pollution from excess nutrients
(Target 7)

As the human population grows, so have the inputs of nutrients and
organic matter to inland and coastal waters. Excess nitrogen, and
in some cases phosphorus, originating from agricultural fertilizer
runoff on land, industrial, wastewater and stormwater discharges,
fossil-fuel burning or aquaculture facilities lead to algal blooms
and in some cases hypoxia in fresh, estuarine and coastal waters
(Deininger & Frigstad, 2019; Jeppesen et al., 2010; Nazari-Sharabian
et al., 2018; Rabalais et al., 2014). This phenomenon, termed eu-
trophication, can modify the biogeochemical cycles of carbon, nitro-
gen, phosphorus, sulphide and silica as well as food webs and other
ecosystem processes (Jeppesen et al., 2010; Li et al., 2021; Rabalais
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et al., 2014). There are more than 500 coastal locations and hun-
dreds of freshwater lakes where oxygen loss occurs, accompanied
by rising carbon dioxide levels due to microbial decomposition of
excess primary and secondary production stimulated by eutrophica-
tion (Breitburg et al., 2018; Jane et al., 2021). Warming of fresh and
ocean waters increases respiration rates and may tip eutrophic areas
into hypoxia or anoxia; thus, it can be difficult to attribute observed
oxygen and pH declines solely to eutrophication versus climate
change (e.g. Kessouri et al., 2021).

Rising eutrophication combined with warming may increase GHG
emissions in freshwater bodies, creating a positive feedback loop that
accelerates both climate change and eutrophication, but with some
complex, counteracting effects. This loop involves enhanced methane
(CH,) release (Davidson et al., 2018); phytoplankton blooms that re-
lease CO, but also dimethyl sulphide (DMS) that reduces solar radia-
tion; deposition of acid nitrogen and sulphur compounds that promote
ammonium oxidation releasing nitrous oxide (N,O) and warming-
enhanced stratification that might limit CH, release and facilitate its
storage (Li et al., 2021). Under eutrophication and anoxia in freshwa-
ter, the coupling of methanotrophy and denitrification may ameliorate
N,O release (Naqvi et al., 2018). Also, eutrophic freshwater lakes (with
>30 pglP L™ bury 5 times more organic carbon than non-eutrophic
lakes (Anderson et al., 2014). Biogeochemical feedbacks to climate
from expanded coastal hypoxia may include increased denitrification
and ammonium oxidation in coastal waters and release of N,0 (Naqvi
et al., 2010). Release of inorganic phosphate and iron from sediments
under anoxic conditions stimulates further primary production and ox-
ygen consumption as is the case in several oxygen minimum zones
(Linsy et al., 2018; Lomnitz et al., 2016). Under some circumstances
hydrogen sulphide, which is highly toxic, may be generated in anoxic
water or sediments.

Control of nutrient pollution (oligotrophication) may lead to a
significant decrease in coastal deoxygenation and the climate feed-
backs associated with CH, and N,O emissions or phosphorus and
iron release. Effective tools to decrease coastal deoxygenation and
associated GHG emissions include altered agricultural practices, var-
ious eco-engineering approaches such as river diversions through
wetlands to employ natural processes that reduce nitrogen loads
(Engle, 2011) or new wetland construction (Duarte & Krause-Jensen,
2018; Jahangir et al., 2016). Both eutrophication and the incidence
of red tides (phytoplankton blooms) and green tides (macroalgal
blooms) are predicted to increase under future warming scenarios
(Gao et al., 2017; Gilbert, 2020; Xiao et al., 2019). The reduction of
harmful algal blooms, which act as co-stressors by releasing toxins
and consuming oxygen, is a co-benefit of oligotrophication (Griffith
& Gobler, 2019; Pitcher & Jacinto, 2019).

By limiting nutrient inputs to both freshwater bodies and the
ocean, it is possible to address eutrophication and climate change
simultaneously, in part by preventing the two-way feedbacks be-
tween eutrophication and climate. Societal choices about land and
ocean management need to ensure that regionally rising precipita-
tion (e.g. in the US or Asia) does not negate the nutrient removal
benefits of these choices (Sinha et al., 2019).
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2.6 | Supporting the productivity,

sustainability and resilience of biodiversity in
agricultural and other managed ecosystems (Target
10).

2.6.1 | Biodiversity-based and biodiversity-friendly
agricultural systems

Reducing biodiversity loss and enhancing biodiversity in agricul-
tural systems can help mitigate climate change and enhance a wide
range of NCP (Leippert et al., 2020; Vanbergen et al., 2020; Wanger
et al., 2020). Biodiversity can be promoted in agricultural systems
directly—for example, through greater crop diversity, agroforestry
or integration of crop production with livestock raising or aquacul-
ture; or indirectly through practices that are biodiversity friendly—
for example, through organic amendments to soils, reduced tillage or
reduced pesticide use (Smith et al., 2020a; Tamburini et al., 2020). In
general, these practices do not compromise agricultural yields, and
in addition to enhancing biodiversity, they reduce nutrient losses,
reduce soil erosion and improve soil fertility (Tamburini et al., 2020).
Biodiversity-based and biodiversity friendly agricultural practices
also tend to increase carbon sequestration, but have highly vari-
able effects on total GHG emissions, so identifying and implement-
ing win-win practices for biodiversity and climate change mitigation
need to be done with this in mind (Smith et al., 2020a; Tamburini
et al., 2020). Practices that promote biodiversity in agricultural sys-
tems include agroecology (which relies in part on the use of eco-
logical processes to substitute for chemical inputs), regenerative
agriculture (which focuses on restoring soil health and reversing
biodiversity loss) and organic agriculture, as well as certain aspects
of climate-smart agriculture, conservation agriculture and sustain-
able intensification (Doré et al., 2011; FAO, 2019a; Giller et al., 2021;
Pretty et al., 2018).

Insitu conservation and restoration of biodiversity is one of a suite
of practices falling within agroecological principles. Agroecology can
also include promoting local and national food production, small-
scale farming and local innovations and resource use (Altieri et al.,
2012). Mbow et al., (2014) provide an example of African smallholder
farmers using agroecological practices (agroforestry) such as diversi-
fication of trees on-farm and within the landscape to increase carbon
content, prepare for climate extremes at the same time reduce and/
or avoid crop failures. In dryland agriculture, soil and water conser-
vation measures potentially improve ground cover and soil carbon
content (Vanbergen et al., 2020; Wanger et al., 2020) and albedo
(Creed et al., 2018).

The three main objectives of climate-smart agriculture are to sus-
tainably increase agricultural productivity and incomes; adapt to and
build resilience to climate change and reduce GHG emissions (FAO,
2019a). Many of the practices promoted for climate-smart agricul-
ture are also good for biodiversity. For example, the Government
of India and its Indian Council of Agricultural Research identified
the districts most vulnerable to climate change and implemented
climate-smart agricultural interventions such as appropriate use of
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nitrogen fertilizers, which also reduces negative effects of nitrogen
losses on non-agricultural ecosystems, and conservation tillage for
increased soil carbon content, which also enhances soil biodiversity.
In addition, these measures helped farming groups protect their
agricultural systems for local food security and increase adaptive
capacity (Rao et al., 2020; Vanbergen et al., 2020) in climate-smart
villages (Aggarwal et al., 2018).

2.6.2 | Intensive vs less intensive agriculture and the
land sharing-land sparing debate

GHG emissions will continue to increase with continued agricultural
expansion and continued conventional intensification (Vanbergen
et al., 2020). Scenarios that achieve climate change targets gen-
erally require substantial changes in agricultural intensification
and demand for agricultural products (IPCC, 2019). One approach
to conserving biodiversity could be to boost yields per unit area,
through sustainable intensification on existing farmland that could
in principle spare land for remaining natural habitats (Balmford et al.,
2018; Smith et al., 2020a). However, intensive high-yield farming
raises other concerns because it can generate high levels of GHG
emissions and nutrient losses. For example, excessive fertilization
of crops results in N,O emissions, which is a potent GHG, and also
results in other gaseous nitrogen losses that contribute to dry and
wet deposition of nitrogen into terrestrial ecosystems that can re-
duce species richness (Galloway et al., 2003; Gerber et al., 2016;
Tian et al., 2020). Moreover, NO, emissions can result in increased
tropospheric ozone which can reduce productivity of natural eco-
systems (Galloway et al., 2003). In addition, intensive high-yield
systems may move the provision of non-material benefits (aesthet-
ics, sense of place etc.) to larger distances from people's centres of
livelihood, in contrast to less intensive and often more biodiverse
agriculture. Others have argued that the most beneficial approach
to conserving biodiversity in agricultural landscapes is to ‘share’ land
more effectively with biodiversity, often by reducing agricultural
intensity (Kremen, 2015). However, this approach runs the risk of
increasing land conversion elsewhere to compensate for reduced
agricultural yields per unit area, resulting in an overall negative im-
pact on biodiversity and climate change mitigation (Balmford et al.,
2018; Kremen, 2015). A growing consensus is that the benefits and
drawbacks of these approaches are highly context dependent, not
mutually exclusive and require careful spatial planning (Egli et al.,
2018; Kremen, 2015; Salles et al., 2017).

In terms of demand for agricultural products, Van Meijl
et al., (2017) indicate that demand is more influenced by population
growth and changes in dietary preferences than for instance by GDP
growth. This implies that in the end, agricultural pathway choices are
about quality versus quantity and that high yield agriculture based
on high inputs of energy, fertilizers and pesticides may not be neces-
sary if demand shifts to reduce overconsumption, reduce food waste
and loss and increase the fraction of plant-based foods (Clark et al.,
2019).

2.6.3 | Using fire and bush removal to combat woody
plant encroachment

Woody plant encroachment has been observed on several con-
tinents, especially in tropical and subtropical latitudes, linked to a
poorly understood mix of land management actions and climate
change drivers, including CO, fertilization of woody plants (e.g.
Stevens et al., 2017). Woody plant encroachment and its reversal
may have important implications for both biodiversity and carbon
sequestration. In Namibia, for example, the extent of bush encroach-
ment is sufficient to offset national fossil fuel emissions (Ministry of
Environment and Tourism, 2011), and this may reduce incentives to
combat this trend at the cost of iconic species that are dependent on
open ecosystems.

Bush encroachment converts open ecosystems to a more densely
tree or bush-covered state that alters biodiversity patterns signifi-
cantly. For the open savannah plains fauna of Africa, clear direct neg-
ative impacts of bush encroachment are already visible for vulture,
cheetah, and a myriad of smaller grassland bird species. Wildfire
and browsing pressure used to maintain these systems in an ‘open’
condition may no longer be effective (e.g. Bond & Midgley, 2012),
threatening the biodiversity of grassland and savannah landscapes
across tropical Africa, South America, and Australasia. Experimental
use of extreme fires and mechanical removal to reverse or halt bush
encroachment have been tested (e.g. Smit et al., 2016), but the
drive to maintain open ecosystems using disturbance can be mis-
interpreted as counter to the need for carbon sequestration. Apart
from biodiversity benefits of reducing encroachment, maintenance
of open grasslands can be motivated by the fact that carbon stocks
of semi-arid grassland ecosystems may match that of alternative
woody ecosystems (Wigley et al., 2020) when below-ground carbon
stocks are taken into account. Maintenance of open ecosystems also
helps to maintain streamflow (e.g. Creed et al., 2019) and reduce the
intensity of wildfire regimes. In addition, open ecosystems provide
multiple material benefits for subsistence livelihoods, including ex-
tensive grazing and thatching, as well as the irreplaceable cultural
elements associated with these lifestyles.

Recognition of the natural cooling effects of high albedo of
grasslands, and the plethora of local and global benefits provided by
tropical open ecosystems to people support the need for sustainably
managing these systems. In South Africa, active removal of invasive
non-indigenous woody plants has created millions of job opportuni-
ties, with some demonstrable results with respect to slowing woody

plant encroachment rates (van Wilgen et al., 2012).

2.7 | Increasing benefits from biodiversity and
green/blue spaces in urban areas (Target 12)

The United Nations estimated that 55.3% of the world's population
lived in urban settlements in 2018 (UNDESA, 2019). It is projected
that the urbanization trend will continue to accelerate, while the
majority of GHG emissions are generated by urban dwellers (United
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Nations Economist Network, 2020). Contrary to common percep-
tion, it has been shown that cities can harbour rich biodiversity
(Secretariat of the Convention on Biological Diversity, 2012; Chan,
2019). As highlighted in the Edinburgh Declaration that highlights the
commitment of subnational governments, cities and local authorities
to the delivery of the post-2020 Global Biodiversity Framework, cit-
ies can contribute to solutions for both biodiversity loss and climate
change and do so in an integrated way across public, private and
business sectors to be more effective. This has been the approach
taken by cities such as Berlin, Edinburgh, Melbourne, Portland,
Singapore, Toronto and Washington DC where biodiversity-friendly,
green and sustainable practices have been adopted (Beatley, 2016;
Plastrik & Cleveland, 2018), to make them a more liveable and desir-
able habitat for people and nature.

Many of the methods used to conserve biodiversity in cities
result in the enhancement of sinks for GHGs (Epple et al., 2016).
Instead of relying on energy to cool down buildings, designing
biodiversity-friendly (‘biophilic’) buildings and building green infra-
structure have gained much traction due to the multiple benefits
that have been observed (Enzi et al., 2017). Planting native plants
that attract native fauna in vertical greenery and roof-top gardens
provide habitats for wildlife as well as reduce ambient temperatures,
thereby resulting in decreased energy consumption (Alhashimi et al.,
2018; Wong et al., 2003). Other forms of green infrastructures result
in multiple benefits such as the emulation of tropical rainforest with
multi-tiered and multi-native species planting of roadsides (Chan,
2019), park connectors, the creation of sponge cities (Yu, 2020), the
naturalization of drainage channels or the coverage of coastal walls
with a range of different materials and forms that increase the estab-
lishment of marine biodiversity.

All these measures are implemented to increase biodiversity,
with multiple benefits including the reduction in adverse effects
of climate change (reduction of urban heat island effect, etc.), the
enhancement of regulating (water quality, air quality, soil reten-
tion, etc.), material (urban agriculture in roof-top gardens) and non-
material ecosystem services connecting people to nature to ensure
their physical, psychological and mental well-being (World Health
Organization, 2016). The extent to which greening cities also con-
tribute to climate change mitigation has yet to be better quantified

and its potential to be prospected globally.

2.8 | Mainstreaming biodiversity (Target 14)

The Convention on Biological Diversity has put a strong empha-
sis on the importance of biodiversity mainstreaming which entails
‘embedding biodiversity considerations into policies, strategies and
practices of key public and private actors that impact or rely on bio-
diversity, so that it is conserved, and sustainably used, both locally
and globally’ (Huntley & Redford, 2014). As biodiversity conserva-
tion and climate change challenges are intricately linked, it follows
that biodiversity and climate are most effectively mainstreamed to-
gether (Portner et al., 2021).
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Several examples illustrate the variety of ways in which biodiver-
sity issues can be mainstreamed, and how this mainstreaming can
be beneficial for climate change mitigation. Biodiversity reporting
and natural capital accounting can help mainstreaming in govern-
ments and policies by informing decision-making. In the case of the
System of Environmental Economic Accounting (SEEA) framework,
which has been implemented by more than twenty countries, na-
tional accounts are used to inform decision-making on biodiversity,
climate change mitigation and other environmental issues across
government agencies (Secretariat of the Convention on Biological
Diversity, 2005). Mainstreaming biodiversity in financial instru-
ments, such as fiscal reforms, taxation models and fiscal incentives
may also contribute to climate change mitigation. One of the most
important and urgent reforms requiring cooperation across many
actors are the reduction or elimination of subsidies that are harm-
ful to both biodiversity and climate (see Section 2.10 for examples).
Better integration of biodiversity into business operations and prac-
tices might also benefit climate change mitigation. Businesses are
increasingly using GHG emissions accounting to identify and reduce
their contributions to climate change, but adoption of biodiver-
sity accounting has lagged behind, in part due to low awareness of
biodiversity as a major issue for businesses and to a lack of well-
established biodiversity metrics for business to assess and value
their impacts and dependencies on biodiversity (Smith et al., 2020b).
Climate and biodiversity footprints of businesses are, however, inti-
mately related because reducing biodiversity footprints depends on
reducing GHG emissions because climate change is one of the major
factors impacting on biodiversity and also relies on reducing the im-
pacts of businesses on drivers that are common to both biodiversity
loss and climate change such as deforestation, mining and unstain-
able agricultural practices (IPBES, 2019). Mainstreaming biodiversity
across society, for example through education can be beneficial for
climate change especially when they are part of an overall strategy
to raise environmental awareness. For example, an examination of
educational curricula in 46 countries found that fewer than half of
education policies and curricula mentioned climate change and only
a fifth made reference to biodiversity, leading to a recommendation
that ‘more emphasis should be given to environmental themes in
education, with a particular need to expand integration of climate
change and biodiversity’ (UNESCO, 2021).

With a growing number of programmes and projects adopting the
mainstreaming approach, there are now more case studies document-
ing their success stories. The Working for Water programme (WfW) in
South Africa (Redford et al., 2015) demonstrates that mainstreaming
biodiversity resulted in controlling invasive alien species and speeded
the rate of legal protection of areas of high biodiversity. In Costa
Rica, the joint policies of several Ministries (Environment, Agriculture,
Planning and Finance) resulted in a national sustainable development
plan that led to the creation of the Forest Incentives Programme where
landowners could benefit from income derived from the conservation
of forests. This would contribute to climate change mitigation from
biodiversity conservation actions. Under the circumstances where
climate change mitigation measures could have negative impacts on
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biodiversity conservation or vice versa, trade-offs should be consid-

ered and comprehensively analysed (cf. 3.3).

2.9 | Eliminating unsustainable consumption
patterns (Target 16)

Where sustainable consumption occurs, biodiversity and ecosys-
tems have been frequently shown to benefit, with some further
climate change mitigation benefits. The largest potential for re-
ducing agriculture, forestry and other land use (AFOLU) emissions
of GHG is through reduced deforestation and forest degradation
(0.4-5.8 GtCO,e year'l), a shift towards plant-based diets (0.7-8.0
GtCO,e year™) and reduced food and agricultural waste (0.8-4.5
CO,e year™) (Jia et al., 2019). Thus, there is a high potential that
consumers’ choices can directly impact both biodiversity and the cli-
mate. For example, the market for wood products that are sustain-
ably harvested and/or produced has shown clear benefits for forest
cover and diversity—and this may result in improved measures in
carbon sequestration and albedo (Di Sacco et al., 2021; Heilmayr
et al., 2020). Furthermore, the trend to demanding and consuming
other products that are harvested or produced in a more biodiver-
sity- and climate-friendly way is clear—some examples here include
sustainably produced meat (including wildlife products and meat
produced using improved rangeland management; D'Aurea et al,,
2021; Conant et al., 2017), sustainable fashion, potatoes, tea and
coffee (Alom et al., 2021; Ruggeri et al., 2020; Vogt, 2020; Zhao
et al., 2021)—and work on the quantification of such benefits is a
valuable and growing field.

On the food demand side, nearly 10% of the agricultural land area
could be spared globally through halving consumer waste arising from
over-consumption in some sectors of society (Alexander et al., 2017).
In high-income countries, consumer behaviour significantly influences
the amount of food wasted, so raising awareness of the consequences
on biodiversity and climate change among consumers but also along
the whole supply chains involving industries and retailers, is of crit-
ical importance (FAO, 2019b). Likewise, studies that explore dietary
scenarios of reduced consumption of animal protein estimate that
between 10% and 30% of today's area under agriculture could be
freed for other purposes (Alexander et al., 2016; Shin et al., 2019). The
aforementioned Conant et al., (2017) study shows, for example, how
better grazing management can increase soil carbon stocks—showing
rates from 10 to more than 1000 MgC km™2 year 2.

2.10 | Eliminating incentives harmful for
biodiversity (Target 18)

Subsidies are often inefficient, expensive, socially inequitable, and en-
vironmentally harmful (IPBES, 2019a, 2019b; OECD, 2005). Despite
the commitments of the governments to phase out or reform biodi-
versity harmful subsidies by 2020, they are still continuing but the
detailed information on potential impacts of such subsidies is mostly

unavailable (Dempsey et al., 2020). The financial resource allocated
to environmentally harmful subsidies in various sectors outweigh the
resources allocated to biodiversity conservation by a factor of 10 to
1 (OECD, 2019), indicating the pervasiveness of such subsidies. For
example, in the agriculture sector, OECD countries spent US$100 bil-
lion in 2015 in activities that are potentially harmful to nature (OECD,
2019). Similarly, it is estimated that the annual global fossil fuel subsi-
dies (US$300 to US$600 billion) generate negative externalities of at
least US$4 trillion (Coady et al., 2019; Franks et al., 2018).

In the forestry sector, Brazil spent $14 billion (88 times more)
subsidizing activities linked to deforestation compared to $158
million to stop deforestation (McFarland et al., 2015). In the fish-
eries sector, subsidies promoting sustainable exploitation are about
$10 billion compared with $22 billion spent in causing overfishing
(Sumaila et al., 2019). These discrepancies in environmentally bene-
ficial and harmful subsidies arise partly due to difficulty in tracking
such subsidies, and ignorance of the complexity of institutions. It
is also partly due to activities around politicking and interest-group
lobbying, for example, for palm oil in Indonesia (Maxton-Lee, 2018)
and petroleum lobbying in Canada (Blue et al., 2018).

Further, difficulties arise from the effectiveness of environment-
friendly subsidies. In Europe, the European Court of Auditors (ECA)
found that the foreseen expenditure on ‘farmland biodiversity’ of
the European Commission, amounting to €66 billion between 2014
and 2020, had little effect (https://www.eca.europa.eu/en/Pages/
Docltem.aspx?did={B5A7E9DE-C42E-4C1D-A5D2-03CA1FADE6
F8}). Over the same period, more than a quarter of the Commissions
subsidies under the Common Agricultural Policy had aimed to target
climate change mitigation and adaptation, but GHG emissions from
European farms are not decreasing (https://www.eca.europa.eu/
en/Pages/Docltem.aspx?did={D6EB02B9-C74E-4017-912B-EE46E
75127B1}). The ECA raises numerous flaws in the ways the subsidies
are oriented: the unreliable way the Commission tracks biodiversity
expenditure, the low potential of the measures financed, the poor
formulation of the agriculture targets and the poor quality of the
indicators used to track progress among the main reasons.

Fast and bold actions are needed to eliminate harmful subsidies
to halt biodiversity loss and to mitigate climate change simultaneously
(IPBES, 2019a, 2019b). Such actions include enhancing a culture of sub-
sidy accountability among individuals and businesses; reforming policies
for better transparency, reporting and assessments and using policy tools
to incentivize individuals, communities and governments to maintain
biodiversity, for example, public procurement, taxes and fees (Barbier
et al,, 2018, 2020; Girardin et al., 2021; Lundberg & Marklund, 2018).

3 | INTEGRATING SYNERGIES AND
TRADE-OFFS BETWEEN MULTIPLE GOALS
AT THE LEVEL OF LANDSCAPES AND
SEASCAPES

The success of environmental measures, whether for biodiversity
conservation or climate change mitigation, strongly depends on
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their context in a landscape or seascape, with consideration of the
degree of its transformation, its multiple uses, local socio-economic
conditions and the quality of life of local communities. Ecosystem
management is challenged with achieving multiple goals simulta-
neously in multifunctional and multiple-use land- and sea-scapes
(hereafter referred to as ‘scapes), within which synergies and trade-
offs between biodiversity conservation and climate change mitiga-
tion can be realized (see section 2 in Pértner et al., 2021). The use
and transformation of ecosystems by human society occur mainly
at local scales, but these local effects accumulate at larger spatial
scales, resulting in significant changes in regional and higher-scale
biodiversity and ecosystem functioning. We, therefore, make use
of local case studies (CS) to better understand how human ap-
propriation of nature has resulted in the spatial fragmentation of
‘scapes and biodiversity loss and to unpack the enabling conditions
(including incentives and governance factors) that have been effec-
tive in fulfilling multiple ‘scape objectives simultaneously (Table S3;
Figure 1; Table 2). Protection of biodiversity is only one of a range of
management objectives for a multi-functional and multi-use ‘scape.
A clear need going forward is to improve our ability to mainstream
biodiversity objectives and measure multiple benefits in specific
contexts (Figure 1), but preferably with scope for upscaling and
generalizing across cases. We propose an integrative analysis based
on a selection of case studies that cover a wide range of IPBES units
of analyses and are located on different continents, oceans and lati-
tudes. Case studies also cover a diversity of conservation measures,
types of NCP, needs of local communities, socio-economic contexts

and governance situations.

3.1 | Local toregional actions and the critical
role of scale and linkages

Ecosystems are used and transformed by human societies at local
scales, but effects on biodiversity and ecosystem functioning accu-
mulate and can be amplified at larger spatial scales. For example,
nature-based solutions in urban contexts can individually make a
small contribution to global climate change mitigation and biodi-
versity protection, but given the high human densities in cities, all
actions, collectively, have huge potential impact at the global scale,
while improving the quality of life locally for a large share of the
world population. On land, land use and land cover change result
from increasing and changing human demands for nature's contri-
butions, with the extent of change varying geographically, due to a
complex interplay between biophysical, socioeconomic, and govern-
ance factors as illustrated by our set of case studies (Figure 1, Table 2
and Tables S2-S3). The configuration of anthropogenic landscapes
offers opportunities to achieve various objectives in different loca-
tions relating to both human needs and sustainability objectives, in-
cluding biodiversity and mitigation-related regulating benefits like
carbon storage and sequestration. Achieving specific objectives at
local scales can together enable to reach multiple objectives at the
‘scape and global scale.
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Land-use and land cover change for increasing food provision
or infrastructure expansion fragment and reduce the area of habi-
tats and is currently the leading cause of terrestrial biodiversity loss
(IPBES, 2018, 2019a, 2019b). While these processes also almost al-
ways result in net carbon release to the atmosphere (IPCC, 2019),
they supply critical material benefits that maintain human society
and contribute to good quality of life (Case studies CS 2, 3, 9, 10,
12, IPBES, 2019a, 2019b). Understanding how land cover can be
allocated between competing uses is advancing and offers oppor-
tunities to optimize between multiple objectives (CS 2, 3). Such
trade-offs may include assessing the balance between biodiversity
conservation, production of food and fibre (material NCP), carbon
sequestration via reforestation (regulating NCP; CS 10) and resto-
ration (regulating and cultural NCP; see CS 11 and 2.1 for the bene-
ficial effects of rewilding mammoth steppe with large herbivores in
Arctic permafrost areas).

Hannah et al., (2020) suggest that at the landscape to national
scales, increasing conserved area from 20 to 30% significantly in-
creases the resilience of the conserved area network to climate
change (i.e. more species may be assured of persistence). The un-
equal distribution of biodiversity globally means that some regions
have higher concentrations of rare species (Enquist et al., 2019) and
prioritizing conservation objectives in these relatively small regions
permits achievement of species conservation most efficiently (CS
1, 4). Spatial planning methodologies can be applied to maintain
ecological functioning even in fragmented landscapes, through the
consideration of zonation that takes into account landscape hetero-
geneity (Harlio et al., 2019; Moilanen et al., 2005). Many efforts are
underway to green cities with multiple co-benefits for human well-
being. Such efforts have the potential to connect cities to surround-
ing natural or managed areas and contribute to both biodiversity
conservation and climate change mitigation regionally, as is the case
in coastal cities for example (Beatley, 2014; 2.7 and CS 5).

In the ocean realm, governance differs greatly from that on land,
with very little private ownership, and large amounts of global com-
mons (CS 7, 8). Apart from coastal areas, marine ecosystem transfor-
mation occurs mainly via harvesting of consumer species for material
benefits, with relatively low rates of plant use, and lower prevalence
of high intensity food production systems. Important links between
human use of the oceans and climate change mitigation have been
identified, with local and regional harvesting scaling up to signifi-
cantly alter the global food chain, with important impacts on pro-
cesses like seabed sequestration of carbon and the biological pump
of carbon (cf. 2.3, 2.4).

3.2 | Realizing co-benefits and synergies in
land- and sea-scapes

Species-rich areas are often prioritized for biodiversity conserva-
tion measures at the ‘scape level, and in many cases, these same
areas coincide with important carbon stores and sinks (CS 4, 6, 10,
12; Strassburg et al., 2010), making conservation actions doubly
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beneficial. The Amazon rainforest (CS 10) and mangrove forests (CS
4, 6), in particular, are two species-rich iconic ecosystems that are
typified by high rates of carbon sequestration (Donato et al., 2011;
Guannel et al., 2016; Joly et al., 2018; Soares-Filho et al., 2010).
Mangroves are estimated to sequester on average between 600-
800 MgCO,e km™ year™ in the sediments. This represents an an-
nual carbon sequestration rate that is about four times more per unit
area than some estimates for tropical forests (Donato et al., 2011),
although estimates for climax forests, which are almost carbon-
neutral, should not be conflated with those for early succession for-
ests, which are actively taking up carbon. By contrast, coral reefs
that flourish in oligotrophic waters of tropical coastlines represent
a counter example, where primary productivity and the build-up of
organic carbon over time are low, yet biodiversity is at least an order
of magnitude higher than anywhere else in the ocean (Reaka-Kudla,
1997).

There are also ecosystems with low species diversity but high
carbon sequestration rates. In the Southern Ocean, for example,
the sequestration of organic carbon is high while species richness
is estimated to be lower than in non-polar marine ecosystems (Bax
et al., 2021), although precautions must be taken as these environ-
ments are not easily accessible for sampling. Protection of these
ecosystems safeguards the trophic components of carbon pathways
(e.g. krill, fish but also benthic communities), so that increased phy-
toplankton blooms (driven by sea ice losses and glacier retreat) are
converted to higher seabed carbon storage, and possibly sequestra-
tion (CS 8) in oceans beyond national jurisdiction (Arrigo et al., 2008;
Barnes et al., 2016).

In most of the case studies reported here (Figure 1; Table 2), con-
serving biodiversity in multi-use and multi-functional ‘scapes comes
with a number of synergistic effects that help improve the quality
of life of local people through the provisioning of context-specific
NCP. Such NCP could be materials (food, timber, fuelwood, fodder,
medicinal plants) or regulating (water availability), or cultural/tour-
ism related non-material NCP (sense of place, cultural or sacred/re-
ligious heritage protection, ecotourism). In 2010, the Kailash Sacred
Landscape Conservation and Development Initiative was launched
covering parts of India, Nepal and China (CS 1) with the aim to con-
tribute to local development and conservation—protecting threat-
ened species (i.e. snow leopard, musk deer) and their habitats through
a range of activities, such as reforestation, rangeland and farmland
management. This initiative has great potential to generate climate
change mitigation and adaptation co-benefits through carbon se-
questration and storage in natural systems—in forests, rangelands
and soils (Aryal et al., 2018; Joshi et al., 2019; Liniger et al., 2020;
Uddin et al., 2015). In addition, the initiative has benefited local and
distant users through a range of NCP, such as timber, fodder, fuel
wood, medicinal plants, water (Badola et al., 2017; Chaudhary et al.,
2020; Liniger et al., 2020; Nepal et al., 2018; Tewari et al., 2020;
Thapa et al., 2018), protection of Kailash Mountain and Mansarovar
(cultural/religious sites), and the promotion of eco-tourism (Adler
et al, 2013; Pandey et al., 2016). Kailash Sacred Landscape also

benefits distant downstream users through the (continued) provi-
sion of flowing waters for irrigation and other purposes (including
hydro-power generation) by protecting the sources.

Other such co-benefits have been reported in various ‘scapes
throughout the world. For example, about 50% of the poor peo-
ple among the 7.2 million people of India and Bangladesh rely on
Sundarbans (CS 6) for multiple benefits of nature (carbon seques-
tration, gas regulation, disturbance regulation) (IUCN, 2017, 2020).
Similarly, conservation measures have generated co-benefits to resi-
dents in cities (e.g. Beatley, 2016) which typically concentrate multi-
uses and multi-functional spaces crossed by islands of biodiversity
(cf. 2.7 and CS 5). The Coral Triangle Initiative (CS 4) is another exam-
ple that generates multiple benefits from nature of local to regional
significance (Foale et al., 2013; Table S3). Such co-benefits are cap-
tured in the form of improvements to coastal water quality, nursery
areas for fish, coastal protection, and maintenance of food, liveli-
hoods, and cultural significance. In Africa, conservation of African
peatlands yields high value water services to local people (CS 12).
However, not all forms of benefits are equally prioritized due to the
strong dependence of the livelihoods and income of poor people on
material (fish, timber) and non-material (tourism) contributions from
nature (CS 1, 3, 4; Uddin et al., 2013).

The success of conservation measures is contingent on the ex-
tent of the operational and governance challenges encountered in
implementing them. For example, in Amazonia (CS 10), the carbon
sink function of rainforests is being negatively impacted by activities
such as deforestation and the expansion of cattle and soybean pro-
duction (Malhi et al., 2008), mining (Rosa et al., 2018), and the con-
struction of big dams (Fearnside, 2016). In Pleistocene Park, the CH,
released by large re-introduced animals could negatively affect the
carbon cycle (Falk et al., 2015; Schmitz et al., 2018) (CS 11). Similarly,
biodiversity and nature's contributions to people (fuelwood, fodder,
water availability) have been adversely affected by the reforestation
of dryland ecosystems (grasslands, savannah, forests) with exotic
species (Acacia spp.) in Africa (CS 9). In all cases, it appears that with-
out strong policy and operational coherences between countries,
outcomes of the conservation measures would remain sub-optimal
(cf. 3.3).

Biodiversity conservation successes that generate climate
change-related co-benefits depend on the consideration of the
values held by the key stakeholders affected by such measures,
primarily the indigenous and local people. Among the case studies
examined, the differing values held by different groups of people
are reflected in their actions in conservation or management of
the ‘scapes. Some examples include the cultural values attached
to sacred places in the Kailash Sacred Landscape (CS 1), the strong
dependency of indigenous people on forest resources for identity
and livelihoods in Amazon (CS 10), fishermen and their depen-
dency on material benefits from fishing in the Coral Triangle (CS
4) and the Sundarbans (CS 6), and the strong and traditional live-
lihood linkages of local people with their surrounding ecosystems
in Africa (CS 9).
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3.3 | Evaluating trade-offs

Some biodiversity conservation measures and traditional land-
and sea-scape management have trade-offs with climate change
mitigation. In South Africa, wildfire management measures that
limit bush encroachment and maintain open ecosystems contrib-
ute to surface cooling effects and biodiversity conservation by
maintaining a high albedo surface, and provide a variety of NCP
that support the livelihoods of local people (e.g. extensive graz-
ing and thatching) (e.g. Creed et al., 2019). However, the carbon
storage achieved through these measures are small compared to
that provided by large-scale afforestation (Wigley et al., 2020).
Similarly, traditional grazing of livestock in Europe such as cattle,
sheep and goats, whose primary purpose is to produce food (meat,
milk, cheese, etc.), can also contribute to shaping and maintaining
cultural landscapes as well as various ecosystem services such as
water supply and flow regulation, carbon storage, erosion control,
pollination (CS 2) (D’Ottavio et al., 2017). However, ruminant live-
stock produce large amounts of methane, but there is conflicting
evidence about whether carbon storage achieved through grazing
is sufficient to offset methane emission by livestock (Bengtsson
et al., 2019). Trade-offs also appear with the paddy rice cultivation
in terraced fields in Southeast Asia that provides various NCP to
local people, such as food production, water flow regulation, and
sediment control, while the traditional cultural landscape shaped
by paddy farming is also an important tourism resource for the
livelihoods of locals (CS 3). However, rice paddies are known to
be very large sources of methane emissions (Saunois et al., 2016;
Zhang et al., 2020), which is reportedly concentrated during the
monsoon season (Hayashida et al., 2013).

Trade-offs in NCP have spatially differentiated consequences
for their stakeholders with various types of flow of nature's contri-
butions from providers to beneficiaries (Fisher et al., 2009; Serna-
Chavez et al., 2014; Syrbe & Walz, 2012). While beneficiaries of
climate mitigation through improved carbon storage from, for in-
stance, nature restoration, are spread across the globe, the restored
nature can provide other NCP to locals such as water and soil reg-
ulation. Decisions on land- and sea-scape uses are mostly deter-
mined locally for the benefit of locals, but it sometimes go counter
to global benefits. For instance, Sundarbans mangroves are one of
the largest mangrove forests in the world stretching across India and
Bangladesh (CS 6). These and other mangrove forests contribute to
global scale climate mitigation. Mangrove forests also provide other
vital contributions such as firewood and timbers, fish and shrimps,
water quality, sediment retention and disturbance regulation against
extreme weathers such as cyclones and storm, most of which are
benefited by locals to sustain their livelihood (Sannigrahi et al.,
2020a; IUCN, 2020), whereas other contributions such as recreation
and tourism are appreciated not only by locals but also by visitors.
The use of mangroves for one of such contributions (e.g. aquaculture
of fish and shrimps) will inevitably affect the state of the other con-
tributions (e.g. carbon storage, water and soil regulation). Many ex-
isting studies on Sundarbans mangroves demonstrated that climate
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regulation is one of the vital NCPs along with habitat provision and
disturbance regulation (Sannigrahi et al., 2020a, 2020b). However,
these nature's contributions carry less weight in decision-making by
locals who often prioritize the production and use of NCP that bring
direct benefits and revenues to local stakeholders and governments,
and, in the end, mangrove forests are altered to aquaculture and
tourism sites, diminishing mangrove's contribution to climate change
mitigation (Uddin et al., 2013). The Sacred Landscape of Kailash is
faced with a similar challenge due to the growing demand of tourism
in the area which results in increased water and energy consump-
tion, forest degradation, causing a trade-off with climate change
mitigation (Nepal et al., 2018; Pandey et al., 2016). This contrasts
with consideration of climate change adaptation, which has direct
implications for local communities.

Biodiversity conservation measures can have unintended conse-
quences and challenges, which need to be recognized, rectified and
addressed through proper planning and governance mechanisms.
This could be done through a holistic, integrated, consultative and
adaptive approach within and across nations. Transboundary co-
operation by multiple countries can help manage trade-offs among
multiple NCP and simultaneously address biodiversity conservation,
climate change mitigation and adaptation at regional level. For in-
stance, the Coral Triangle Initiative (CS 4), which involves six par-
ticipating countries (i.e. Indonesia, Malaysia, Papua New Guinea,
Philippines, Solomon Islands and Timor-Leste) in the Pacific and
Indian Ocean, has developed marine protected area networks along
with other joint efforts such as the identification of priority sea-
scapes and spatial planning (Asaad et al., 2018; Weeks et al., 2014)
that balance biodiversity measures, climate measures, and socio-
economic development at regional scale. In a similar manner, the
Kailash Sacred Landscape Conservation and Development Initiative
(CS 1) jointly established by China, India and Nepal, for the conser-
vation of ecosystems, biodiversity, and quality of life along with cul-
tural heritage of the pilgrimage to Mount Kailash, has contributed to
establishing transboundary protected area networks and improving
livelihood of locals (Zomer & Oli, 2011). The consensus building pro-
cess among concerned countries is key to make the transboundary
initiatives successful. This is especially true for the establishment
of protected areas on the high seas, where agreement of member
states is required under a multilateral environmental instrument to
protect biodiversity, and is currently under negotiation by the UN
(Tessnow-von & Vadrot, 2020). The South Orkney Islands Southern
Shelf Marine Protected Area (CS 8) is a good example of a successful
transboundary conservation effort in high seas. Although the pri-
mary objective is the conservation of biodiversity in the region, its
high carbon storage and sequestration capacity also contributes to
climate change mitigation (Barnes et al., 2016; Trathan et al., 2014).

4 | CONCLUSION

Species and their habitats contribute to regulate the climate system,
by modifying the energy and water cycles, the consumption and
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production of radiatively active gases and aerosols. Actions for bio-
diversity conservation have not focused on this central role so far,
but its recent recognition requires conservation actions to be better
aligned with climate goals, and demands an assessment of where this
alignment may be feasible, relevant and non-conflictual.

Our review shows that many instances of conservation actions
intended to slow, halt or reverse biodiversity loss can simultaneously
slow anthropogenic climate change. Specifically, we identified direct
co-benefits in 14 out of the 21 action targets of the post-2020 global
biodiversity framework of the CBD, notwithstanding the indirect
links that can as well support both biodiversity conservation and
climate change mitigation. Avoiding deforestation and restoring
ecosystems (especially high-carbon ecosystems such as forests,
mangroves or seagrass meadows) are among the conservation ac-
tions having the largest potential for mitigating climate change. Our
analysis shows that conservation actions generally generate more
mutually synergistic benefits than antagonistic trade-offs with re-
spect to climate change mitigation. Synergies between biodiversity
conservation, climate change mitigation, other NCP and good quality
of life are seldom quantified in an integrated way, and the evidence
base for assessing these needs to be consolidated and collected rou-
tinely. The assessment of biodiversity and climate synergies would
greatly benefit from the development of fully integrated indicators,
models and scenarios, which would also facilitate decision-making
for mainstreaming and applying ecosystem-based integrative ap-
proaches, while recognizing the multi-use and multi-function dimen-
sion of scapes.

Improving the linkages between the different scales of actions is
essential for successfully implementing joint biodiversity and climate
actions. Locally motivated biodiversity conservation actions can be
incentivized, guided and prioritized by international objectives and
targets, including climate mitigation and adaptation objectives.
However, this should be done rigorously and based on evidence
to avoid oversimplified objectives that assume positive synergies
between biodiversity and climate too systematically, such as subsi-
dizing large-scale tree-planting campaigns regardless of local needs
and socio-economic contexts. Choosing the right options locally is
indeed crucial. Local initiatives matter since the benefits of many
small and local biodiversity measures accumulate to make a large
contribution to climate mitigation, while also providing multiple local
benefits.

At the landscape or seascape level, many areas of high biodiver-
sity have also high rates of carbon sequestration. However, there are
exceptions to the generally positive synergy between biodiversity
conservation and climate change mitigation. The realization of syn-
ergistic benefits is strongly dependent on which biomes, ecosystem
uses, and sectoral interactions are under consideration. It may be
impossible to achieve win-win synergies, or even manage the trade-
offs between climate and biodiversity in every single small part of a
landscape or seascape, but achieving synergies becomes progres-
sively easier at the ‘scape level. Therefore, local to global policies and
practices designed for biodiversity conservation and climate change
mitigation should be considered in an integrated and consultative

way in mixed-use land- and sea-scapes so that win-win synergies

and nature's contributions to people can be maximized.
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