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Climate Change—Biodiversity Interactions
Overview

There is increasing consensus among scientists
and commentators for addressing conservation
and climate change issues together,
particularly through the development of
intergovernmental agreements and targets.
This POSTnote summarises the links between
biodiversity loss and climate change, and
outlines options for jointly addressing their
drivers and effects on a global scale.
Background
Intergovernmental agreements use the term biodiversity in
place of nature, which refers to the abundance and variety of
life on Earth.1 Biodiversity is essential for human well-being
(PN-341) because it provides benefits from the natural
environment, such as: food, medicine, and clean water
(ecosystem services or nature’s contributions to people).2 The
Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) Global Assessment found that
humans have extensively altered 75% of the earth’s land
surface and 40% of the ocean. This may lead to the extinction
of an estimated 1 million species within decades, leading to
declines in ecosystem service benefits.2
Climate change is one of the largest drivers of biodiversity loss
after changes in sea and land use, and direct exploitation of
wildlife, such as fishing. These direct drivers of biodiversity loss
are linked to underlying human drivers (Box 1). There are many
complex interactions between these drivers. For example,
deforestation and land conversion to agriculture are interacting
contributors to climate change.3 Climate change will also have
large impacts on human well-being (PN-594).

◼ While climate change and biodiversity loss
are interlinked issues, they have largely
been addressed through separate, rather
than integrated, global policy frameworks.
◼ Changes in sea and land use are the main
drivers of biodiversity loss and contribute to
climate change. Climate change also drives
biodiversity loss.
◼ Conserving biodiversity could also mitigate
climate change by increasing capture and
storage of carbon in ecosystems, and
support adaptation to climate impacts.
◼ Ecosystems can be conserved, managed
and restored to provide benefits for
biodiversity, climate change mitigation and
adaptation, and sustainable development.
◼ The effectiveness of ecosystem-based
climate and conservation measures may be
affected by the rate and magnitude of
climate change.
The International Panel on Climate Change (IPCC) suggests
that more protection and restoration of ecosystems is needed
to meet the mitigation and adaptation objectives of the Paris
Agreement (Box 2). This would increase the ability of plants,
soils, and oceans to capture and store carbon, and also reduce
biodiversity loss.2,4 Most signatories to the Paris Agreement also
committed to protecting and restoring ecosystems through the
Convention on Biological Diversity (CBD, Box 2). In 2020, the
CBD framework for the next decade will be agreed. Most
existing targets will not be achieved globally, including in the
UK.2 One-third of the UK Biodiversity Indicators show long-term
declines, such as in the abundance and distribution of species.5
Global biodiversity loss is projected to continue beyond 2050 in
most IPBES modelling scenarios. These trends make achieving
the UN Sustainable Development Goals less likely (Box 2).6
Negative biodiversity trends can only be reversed by immediate
reorganisation of technological, economic and social systems,
and if the targets of the Paris Agreement are met.2 This
POSTnote summarises the interactions between biodiversity
loss and climate change, the global opportunities and
challenges for jointly addressing their effects and drivers, and
their inclusion in international environmental frameworks.
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Box 1: Addressing Underlying Drivers of Biodiversity
Loss
IPBES states that the ‘underlying drivers of biodiversity loss’
are: unsustainable production and consumption patterns,
human population trends, trade, technological innovations,
and governance. These can lead to changes in sea and land
use, direct exploitation of organisms, climate change,
pollution, and invasion by alien species. For example,
international supply chains for developed countries can
cause biodiversity loss overseas.7-10 The underlying drivers
have not received much attention in the existing CBD
framework.11 IPBES suggests that ways to address these
drivers include:
◼ Reforming production and supply chains. The UK
Government recently established an independent Global
Resources Initiative Taskforce.12 The private sector has
made supply chain commitments, but these have largely
yet to be implemented.13
◼ Consumption and dietary shifts. Evidence suggests
that changing food consumption patterns, improving
agricultural production, and reducing food waste are
required to address biodiversity loss; and can have a large
climate mitigation potential.2,14,15
◼ Economic and financial systems. Financial support for
biodiversity conservation and forest-based climate
mitigation is currently much smaller than the value of
commodities that drive deforestation.14 IPBES states that
perverse government incentives and subsidies for
agriculture and energy that worsen biodiversity loss and
climate change should be removed and redirected.2
◼ Decarbonising the economy. The ability of ecosystems
to capture and store carbon does not reduce the need to
decrease emissions. If all historic emissions from land-use
change are reabsorbed, large fossil fuel emissions
reductions will still be needed to meet the Paris
Agreement objectives.16
◼ Improved governance enables other actions. For
example, strengthening environmental laws and their
implementation will integrate decision making across
sectors and jurisdictions.17

Biodiversity and Climate Change
Climate change and biodiversity are interdependent; climate
change can contribute to biodiversity loss, and biodiversity loss
can make climate change and its effects worse.

Effects of Climate Change on Biodiversity
Climate change will increasingly drive biodiversity loss in
coming decades.18 Human emissions of greenhouse gases
(GHGs) have increased global average surface temperatures by
1.1°C since pre-industrial times.19 The resulting climate change
effects include increased frequency and intensity of extreme
weather events, and rising sea levels.3 These have widespread
impacts on biodiversity, including:
◼ Shifting geographic ranges of species, including poleward,
and reducing the extent of suitable habitat.20-22 This can
disrupt communities of species or create new communities. 23
◼ Disrupting seasonal cycles leading to mismatch between
otherwise co-dependent species, such as flowering and the
emergence of pollinators.24,25
◼ Altering population dynamics, such as mass reindeer
mortality due to abnormal weather affecting indigenous
peoples.26,27
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Box 2: International Environmental Frameworks
Several UN-facilitated frameworks seek to address
biodiversity loss, climate change and sustainable
development.
The CBD Strategic Plan for Biodiversity 2011–2020
The CBD is an international treaty for biodiversity. The CBD
Strategic Plan for Biodiversity 2011–2010 and associated
Aichi Targets aim to:
◼ Halt biodiversity loss and reduce pressures from drivers;
◼ Restore resilient ecosystems for biodiversity and climate
mitigation and adaptation;
◼ Use biological resources sustainably and share the
benefits of genetic resources, such as crop varieties;
◼ Provide adequate financial resources, mainstream
biodiversity issues and values; and,
◼ Effectively implement appropriate policies that are based
on sound science and the precautionary approach.28
The UNFCCC Paris Agreement
The UN Framework Convention on Climate Change
(UNFCCC) is an international treaty for climate change. The
UNFCCC 2015 Paris Agreement is a legal instrument that
aims to strengthen the global response by limiting average
global warming to well below 2˚C, aiming for 1.5˚C above
pre-industrial levels. In relation to biodiversity, the
agreement aims to protect and increase forest carbon
storage through policies and incentives for activities reducing
deforestation and forest degradation emissions (PN-466),
and sustainable forest management.29
The 2030 UN Agenda for Sustainable Development
17 Sustainable Development Goals (SDGs) were adopted in
2015 consisting of 169 targets across economic, social and
environmental dimensions of sustainable development. 30
Conserving biodiversity is an explicit part of SDGs 14 and 15
and underpins most other goals.31
◼ Modifying land and marine ecosystem functions, such as
carbon storage and productivity.32 The combined effects of
rising carbon dioxide (CO2) and climate change on the
productivity of land ecosystems are uncertain and likely
varied.2,33
Climate change is affecting marine and coastal ecosystems
through ocean warming, heatwaves, acidification, loss of
oxygen and sea level rise (PN-604).32 The oceans have stored
90% of the excess heat trapped by GHGs since the 1950s. 4
Climate impacts are accelerating, affecting agriculture, fisheries,
and ecosystem services.2,32 This has implications for human
health, and economic and social wellbeing (PN-421).2 By 2050,
5 billion people may be at risk from reduced provision of
ecosystem service benefits. Global modelling shows declining
provision of water quality regulation and coastal protection by
ecosystems, and crop pollination by species.34

Impacts of Biodiversity Loss on Climate Change
Ecosystems can be both a store and a source of GHGs due to
natural and human drivers. Globally, land stores around 29% of
human CO2 emissions and the ocean absorbs around 23%.35 At
the same time, human-driven changes, such as tropical
deforestation, peatland degradation and loss of coastal
habitats, release carbon. The net balance of this is an overall
source of emissions (14% of CO2 emissions) but reducing the
loss and degradation of ecosystems could reverse this.14,36
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Ecosystem Tipping Points and Feedbacks

Managing Trade-offs

Biodiversity loss and climate change make ecosystems more
vulnerable to abrupt environmental changes, known as ‘tipping
points’.37,38 Tipping points increase the risk that the Paris
Agreement objectives will not be met, as they could cause
irreversible feedbacks between ecosystems and the climate.39
For example, Arctic and boreal permafrost (permanently frozen
ground) stores twice as much carbon as the atmosphere.
Temperature rise causes permafrost thaw, leading to the
release of carbon; likely causing further temperature rise (PN454).18,40,41 Climate change is projected to make many forests
warmer and periodically drier, with increased wildfire risk. This
may result in tropical and boreal forests storing less carbon and
potentially becoming a source of carbon to the atmosphere.42-45

Simultaneously avoiding dangerous climate change, restoring
biodiversity, and ensuring food security with limited land
availability could result in trade-offs.62-64 For example, most
IPCC scenarios rely on large-scale, land-based mitigation (such
as bioenergy crops and afforestation/reforestation) to meet the
Paris Agreement objectives, which could negatively affect
biodiversity, food production and water demand.3,4 Managing
such trade-offs will require an integrated approach that
considers interactions between sectors and trade-offs among
global environmental and sustainability goals, while recognising
opportunities from interactions.17,65 Land-use planning can
deliver multiple objectives along with approaches such as
Nature-based Solutions (NbS).66

Ecosystems in Mitigation and Adaptation

Retaining and Protecting Intact Ecosystems

Biodiversity can mitigate climate change and support adaptation
through ecosystem service provision, such as carbon storage.
Mitigation refers to any intervention that reduces emissions
from sources or enhances removal by sinks of GHGs. Forests,
particularly tropical forests, have large mitigation potential, due
to their rate of carbon uptake when growing, and capacity for
carbon storage if deforestation is avoided.46 Forests could
provide a quarter of the emissions reductions currently pledged
by nations under the Paris Agreement.47 However, global forest
extent would need to increase every year between 2019 and
2030 by an area equivalent to the size of the UK. 48

Most areas with both high biodiversity and carbon storage are
unprotected.57 Effectively protected lands and seas retain more
biodiversity and have immediate mitigation and adaptation
benefits.2,67,68 Some studies suggest that 30–50% of the Earth’s
surface should be protected and restored, based on biodiversity
importance and restoration potential.69-72 However, increasing
protected areas may have negative ecological, social and
economic consequences if not integrated with human needs.7375
What is perceived as untouched wilderness has often been
used by people for millennia (Box 3), yet there is evidence that
human rights are sometimes violated as part of conservation
interventions.42,76,77 Others argue that halting all human impacts
on ecosystems is unfeasible.78

Adaptation refers to any intervention that allows humans to
adjust to climate change effects. For example, coastal
ecosystems can aid climate adaptation by improving critical
habitats for species to support fisheries and by protecting
coastal communities from sea level rise and storms. However,
the IPCC has highlighted that the rate of climate change and
other pressures limits their adaptive capacity.49,50 Many coastal
wetlands are projected to be lost due to sea level rise.32
Policy strategies that conserve and restore biodiversity can also
provide climate change mitigation and adaptation. 2,51 Such
measures include retaining and protecting intact ecosystems
and protecting and restoring degraded ones.52 Nature-based
Solutions (NbS) is an increasingly used term for actions that
protect, manage and restore natural and modified ecosystems
to address societal challenges and enhance human wellbeing.53,54 NbS could be implemented globally to address
biodiversity loss, climate change and sustainable
development.55 There could be large benefits in nations with
highly biodiverse ecosystems with significant carbon storage
that are being degraded, such as tropical rainforests.56,57
NbS are being included in countries’ Nationally Determined
Contributions (NDCs) to the Paris Agreement and in
international funding programs such as the UK’s Darwin
Initiative.55,58 The Forestry Commission, Environment Agency,
and Natural England aim to use NbS to help meet the UK target
of net zero emissions by 2050.59 NbS policy measures need
clear indicators of progress and cost-effectiveness, as well as
monitoring and evaluation of mitigation, adaptation, biodiversity
and socioeconomic outcomes, and consideration of the tradeoffs and co-benefits that may arise.60,61

Retaining intact ecosystems is likely to have greater biodiversity
and mitigation benefits, and to allow ecosystems to adjust to
climate change.14,79,80 For example, maintaining mature forests
that have higher biodiversity increases their ability to adjust to
climate change impacts.2 Preventing deforestation is also a lowcost approach to reducing land emissions and enhancing carbon
sinks.14,81 However, IPBES predicts conversion of natural
ecosystems will increase, despite international commitments,
improvements in monitoring deforestation, and the incentive
mechanism REDD+ (PN-466).2,82,83 Many protected areas are
increasingly isolated and losing biodiversity due to internal and
external human pressures, including the loss and downgrading
of legal protections and their enforcement.84-86 Isolated
protected areas reduce the ability of species to move with
climate change to more suitable areas.87
Box 3: Indigenous Peoples and Local Communities
Indigenous Peoples and Local Communities (IPLC) hold a
large but uncertain proportion of the global land area
through customary tenure systems, of which national
governments formally recognise a small fraction, such as
First Nations rights holders in Canada.88-90 Recognising IPLC
land rights may benefit biodiversity and climate:
◼ IPLC lands often score more highly on biodiversity
indicators, with slower declines than in other lands. 2
◼ IPLC hold a large proportion of the world’s total tropical
forest above ground carbon, much of which is in areas
without secure tenure rights.91
◼ IPLC management may reduce deforestation and
disturbance.92,93
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Box 4: Restoring Coastal Habitats
Coastal ecosystems, such as mangrove forests, seagrass
meadows and salt marshes contain large amounts of carbon
per unit area.50 Their global mitigation potential is around
0.4% of current yearly CO2 emissions, but the mitigation
potential of other marine ecosystems is under-explored.50,94
Restoring coastal ecosystems could also help adaptation to
climate impacts and provide other ecosystem services.95
Seagrass meadows are one of the most widespread coastal
ecosystems contributing to climate mitigation and
adaptation, biodiversity protection and fisheries
productivity.96 The meadows store carbon, stabilise
sediments and are nursery habitats for commercially
important fish and other biodiversity.42,97 However, global
seagrass meadow area has declined considerably because of
human activities.98 An estimated 7,000 hectares of seagrass
remain in UK waters, which is thought to be a small fraction
of historic baseline levels.99 There are some restoration
efforts underway, although uncertainties exist around the
protected status of restored seagrass under the UK legal
framework for marine restoration.99-102

Forest Restoration and Creation
Restoring forest involves increasing tree cover on previously
forested lands through active planting or natural regrowth. 103
There are no longer large intact or undisturbed temperate
forests, and many tropical forests are degraded.42 Restoring
other high-carbon ecosystems, such as peatland, also has
mitigation and biodiversity potential.3,32,81 The UK Committee on
Climate Change (CCC) and the Royal Society have separately
published recommendations for the UK to restore peatlands,
native forests and coastal habitats (Box 4).95,104,105
Natural and assisted regrowth of native forests, particularly in
the tropics and subtropics, is likely to be highly effective in
terms of biodiversity, carbon uptake and cost-effectiveness,
despite the timescales involved (Box 5).14,48,106 Mapping the
potential for restoration in tropical forests suggests
opportunities are large but variable.107,108 Monitoring would be
required to ensure carbon uptake and biodiversity outcomes are
achieved.60 Active replanting has higher costs per unit area than
natural regrowth, but is needed where forests are unable to
regrow naturally or if restoration of the community of undercanopy plants is required.46,109
Afforestation establishes new forests in naturally non-forest
ecosystems such as savannah or grassland. Afforestation using
species with low water needs can sometimes provide ecosystem
service benefits.3,110 However, non-native, single-species tree
plantations negatively affect savannah and grassland
biodiversity.111-113 Afforestation could affect food and water
security because of large land requirements, with desertification
and land degradation risks.3,30,114 Timber plantations also store
much less carbon than restored natural forests and release
carbon during wood harvest.48,114 They are also more
vulnerable to droughts, fire and disease outbreaks, reducing
carbon storage permanency.115 In higher latitudes, carbon
benefits may be offset by increased warming as forests absorb
more of the sun’s energy than snow-covered land.116
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Box 5: Timescales in Ecosystem Restoration
Some degraded, naturally regenerating tropical forests can
accumulate significant carbon stocks and support biodiverse
communities within 30 years.117,118 Some reach mature
forest-level carbon stocks within 70 years.119-121 Ecosystems
may recover even more rapidly under assisted restoration. 62
According to some mitigation scenarios, reforestation would
capture carbon within the next few decades – the timeframe
needed to limit global warming to 1.5°C.122 However, after
this period annual carbon removal would decline as trees
mature and soil carbon reaches saturation.3 Carbon stocks
would be maintained, but with a risk of future loss of carbon
from disturbance, poor management or weak governance.123
Restored peatlands capture carbon for centuries; degraded
peatlands are a source of emissions over similar timescales,
but emissions reductions from restoration can take decades
to be observed.3,124 These timescales highlight the
importance of protecting large existing stores of carbon in
ecosystems from loss and degradation.125

Managing Forestry and Agricultural Land
Agricultural land and production forests can also be managed to
reduce biodiversity loss, maintain ecosystem functioning, and
address climate change.81,126 As these lands provide food and
other commodities, management also needs to support
sustainable production and livelihoods.127 For example,
agroforestry (cultivated land with more than 10% tree cover)
improves biodiversity, carbon storage and farm income, and
protects soils.14 Such agroecological approaches (PN-557, PN589, and PN-600) make land more hospitable for wildlife
moving between protected and restored ecosystems, helping it
adjust to a changing climate.87 Forestry management with
longer rotation times and reduced harvest rates can
significantly increase carbon storage in temperate and boreal
forests.14
In 2020, the CCC estimated that 64% of agricultural emissions
could be cut without reducing food production, by adopting
low-carbon farming practices, improving productivity and
setting aside 22% of farmland for natural carbon capture and
storage. The CCC recommended that 30,000 hectares of new
broadleaf and conifer woodland are planted annually, increasing
woodland cover from 13% to 17%, to meet the legally-binding
target of net zero emissions by 2050.105

Future Biodiversity and Climate Goals
Climate change-biodiversity interactions are increasingly
included in discussions for international environmental
frameworks. In the preliminary CBD post-2020 framework, a
new target is intended to complement the Paris Agreement.
The target calls for Nature-based Solutions for climate
mitigation and adaptation to meet the Paris Agreement
objectives.128 To date, the UK Government is engaging with
various stakeholders to develop the UK’s position on the
framework.129 The UK will also host COP26, the UN Climate
Change Conference, in December 2020. Paris Agreement
signatories will be revising Nationally Determined Contributions
towards the objectives, and biodiversity and Nature-based
Solutions are expected to be key issues.130
(References available online)

POST is an office of both Houses of Parliament, charged with providing independent and balanced analysis of policy issues that have a basis in science and technology.
POST is grateful to Maria Dance for researching this briefing, to the NERC for funding her parliamentary fellowship, and to all contributors and reviewers. For further
information on this subject, please contact the co-author, Dr Jonathan Wentworth. Parliamentary Copyright 2020. Image copyright:

POSTNOTE 617 February 2020 Climate Change—Biodiversity Interactions

Endnotes
1

2

3

4
5
6
7
8
9
10

11

12
13
14
15
16
17
18

19
20

Biodiversity, or “biological diversity”, is defined by the
Convention on Biological Diversity (CBD) as “the
variability among living organisms from all sources,
including, 'inter alia', terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they
are part: this includes diversity within species, between
species and of ecosystems". CBD Secretariat (2006).
Convention Text. Article 2. Use of Terms.
Diaz, S. et al. (2019). Summary for Policymakers of the

Global Assessment Report on Biodiversity and Ecosystem
Services of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services. IPBES.
IPCC (2019). Summary for Policymakers. In Climate
Change and Land. An IPCC Special Report on Climate
Change, Desertification, Land Degradation, Sustainable
Land Management, Food Security, and Greenhouse Gas
Fluxes in Terrestrial Ecosystems.
IPCC (2018). Special Report - Global Warming of 1.5 oC.
DEFRA (2019). UK Biodiversity Indicators 2019 Revised.
United Nations (2019). The Sustainable Development
Goals Report 2019.
Lenzen, M. et al. (2012). International trade drives
biodiversity threats in developing nations. Nature, 486,
109–12.
Chaudhary, A. & Kastner, T. (2016). Land use
biodiversity impacts embodied in international food
trade. Global Environmental Change, 38, 195–204.
Jennings, S. et al. (2017). Deforestation and Social Risks
in the UK’s Commodity Supply Chains. WWF.
Green, J. M. H. et al. (2019). Linking global drivers of
agricultural trade to on-the-ground impacts on
biodiversity. Proceedings of the National Academy of
Sciences, 201905618.
CBD (2019). Synthesis of Views of Parties and Observers
on the Scope and Content of the Post-2020 Global
Biodiversity Framework. In
CBD/POST2020/PREP/1/INF/1.
GOV.UK [online]. Global Resource Initiative Taskforce:
Greening the UK’s Environmental Footprint. Accessed
27/10/19.
Rogerson, S. (2018). Forest 500 Annual Report 2018:
The Countdown to 2020. Global Canopy.
Dooley, K & Stabinsky, D. (2018). Missing Pathways to

1.5°C: The Role of the Land Sector in Ambitious Climate
Action. Climate Land Ambition and Rights Alliance.
Henry, R. C. et al. (2019). The role of global dietary
transitions for safeguarding biodiversity. Global
Environmental Change, 58, 101956.
Rockström, J. et al. (2016). The world’s biggest gamble.
Earth’s Future, 4, no. 10, 465–70.
Díaz, S. et al. (2019) Pervasive human-driven decline of
life on earth points to the need for transformative
change. Science, 366, no. 6471.
Horcea-Milcu, A. I. et al. (2019). Chapter 4. Plausible
Futures of Nature, Its Contributions to People and Their
Good Quality of Life (Draft). In Global Assessment

Report on Biodiversity and Ecosystem Services of the
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services. IPBES Secretariat.
World Meteorological Organization (2019). WMO
Provisional Statement on the State of the Global Climate
in 2019.
Mason, S. C. et al. (2015). Geographical range margins
of many taxonomic troups tontinue to shift poleward.
Biological Journal of the Linnean Society, 115, no. 3,
586–97.

21
22
23
24
25

26
27
28
29
30
31

32
33
34
35
36
37
38

39
40
41
42

43

Page 5

Harsch, M. A et al. (2009). Are treelines advancing? A
global meta-analysis of treeline response to climate
warming. Ecology Letters, 12, no. 10, 1040–49.
Warren, R. et al. (2018). The projected effect on insects,
vertebrates, and plants of limiting global warming to
1.5°C rather than 2°C. Science, 360, no. 6390, 791–95.
Lurgi, M. et al. (2012). Novel communities from climate
change. Philosophical Transactions of the Royal Society
B: Biological Sciences 367, no. 1605, 2913–22.
Buitenwerf, B. et al. (2015). Three decades of multidimensional change in global leaf phenology. Nature
Climate Change, 5, no. 4, 364–68.
Renner, S. S. & Zohner, C. M. (2018). Climate change
and phenological mismatch in trophic interactions among
plants, insects, and vertebrates. Annual Review of
Ecology, Evolution, and Systematics, 49, no. 1, 165–82.
Hansen, B. B. et al. (2011). Climate, icing, and wild arctic
reindeer: past relationships and future prospects.
Ecology, 92, no. 10, 1917–23.
Forbes, B. C. et al. (2016). Sea ice, rain-on-snow and
tundra reindeer nomadism in Arctic Russia. Biology
Letters, 12, no. 11, 20160466.
Secretariat of the Convention on Biological Diversity.
(2010). Strategic Plan for Biodiversity 2011–2020 and
the Aichi Targets.
UNFCCC (2015). The Paris Agreement.
UN (2015). Transforming Our World: The 2030 Agenda
for Sustainable Development.
Biodiversity Indicators Partnership (2018). Cross-

Mapping of the Indicators within the Biodiversity
Indicators Partnership to Aichi Biodiversity Targets and
SDGs.
IPCC (2019). Summary for Policy Makers. In IPCC Special
Report on the Ocean and Cryosphere in a Changing
Climate.
Productivity is the rate at which energy as stored as
biomass in ecosystems.
Chaplin-Kramer, R. et al. (2019). Global modelling of
nature’s contributions to people. Science, 366, no. 6462,
255–58.
Friedlingstein, P. et al. Global Carbon Budget 2019. Earth
System Science Data, 11, no. 4, 1783–1838.
Maxwell, S. L. et al. (2019). Degradation and Forgone
Removals Increase the Carbon Impact of Intact Forest
Loss by 626%. Science Advances, 5, no. 10, 2546.
Lenton, T. M. et al. (2019). Climate Tipping Points — Too
Risky to Bet Against. Nature, 575, no. 7784, 592–95.
Folke, C. et al. (2004). Regime Shifts, Resilience, and
Biodiversity in Ecosystem Management. Annual Review
of Ecology, Evolution, and Systematics, 35, no. 1, 557–
81.
Pereira, J. C. & Viola, E. Catastrophic Climate Change
and Forest Tipping Points: Blind Spots in International
Politics and Policy. Global Policy, 9, no. 4, 513–24.
Tarnocai, C. et al. (2009). Soil Organic Carbon Pools in
the Northern Circumpolar Permafrost Region. Global
Biogeochemical Cycles, 23, no. 2.
Natali, S. M. et al. (2019). Large Loss of CO 2 in Winter
Observed across the Northern Permafrost Region. Nature
Climate Change, 9, no. 11, 852–57.
Ichii, K. et al. (2019). Chapter 2.2 Status and Trends –
Nature (Draft). In Global Assessment Report on

Biodiversity and Ecosystem Services of the
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services. IPBES Secretariat.
Zhu, P. et al. (2019). Recent Warming Has Resulted in
Smaller Gains in Net Carbon Uptake in Northern High
Latitudes. Journal of Climate, 32, no. 18, 5849–63.

POSTNOTE 617 February 2020 Climate Change—Biodiversity Interactions

44
45

46
47
48
49

50

51
52

53
54
55
56

57

58
59
60
61

62

63

Mitchard, E. T. A. (2018). The Tropical Forest Carbon
Cycle and Climate Change. Nature, 559, no. 7715, 527–
34.
Tagesson, T. et al. (2020). Recent Divergence in the
Contributions of Tropical and Boreal Forests to the
Terrestrial Carbon Sink. Nature Ecology & Evolution, 4,
no. 2, 202–9.
Houghton, R. A. et al. (2015). A Role for Tropical Forests
in Stabilizing Atmospheric CO2. Nature Climate Change,
5, 1022–23.
Grassi, G. et al. (2017). The Key Role of Forests in
Meeting Climate Targets Requires Science for Credible
Mitigation. Nature Climate Change, 7, no. 3, 220–26.
Lewis, S. L. et al. (2019). Restoring natural forests is the
best way to remove atmospheric carbon. Nature, 568,
25–28.
Klein, R. J. T. et al. (2014). Chapter 16: Adaptation
Opportunities, Constraints, and Limits. In Climate

Change 2014: Impacts, Adaptation, and Vulnerability,
Part A: Global and Sectoral Aspects. Contribution of
Working Group II to the Fifth Assessment Report of The
Intergovernmental Panel on Climate Change. IPCC.
Bindoff, N. L. et al. (2019). Chapter 5: Changing Ocean,

Marine Ecosystems, and Dependent Communities (Draft).
In Oceans and Climate Change. An IPCC Special Report
on the Ocean and Cryosphere in a Changing Climate.
IPCC.
Campbell, A. et al. (2008). The Linkages between
Biodiversity and Climate Change Mitigation. UNEPWCMC.
Roberts, C. M. et al. (2020). Climate Change Mitigation
and Nature Conservation Both Require Higher Protected
Area Targets. Philosophical Transactions of the Royal
Society B: Biological Sciences, 375, no. 1794, 20190121.
IUCN [online]. Nature-Based Solutions. Accessed
27/11/19.
UNEP [online]. Ecosystem-Based Adaptation. Accessed
27/11/19.
Seddon, S. (2018). Nature-Based Solutions: Delivering
National-Level Adaptation and Global Goals. IIED.
Griscom, B. W. et al. (2020). National Mitigation Potential
from Natural Climate Solutions in the Tropics.

Philosophical Transactions of the Royal Society B:
Biological Sciences, 375, no. 1794, 20190126.
Soto-Navarro, C. et al. (2020). Mapping Co-Benefits for

Carbon Storage and Biodiversity to Inform Conservation
Policy and Action. Philosophical Transactions of the Royal
Society B: Biological Sciences, 375, no. 1794, 20190128.
GOV.UK [online]. The Darwin Initiative. Accessed
19/11/19.
GOV.UK [online]. Environmental bodies joint vision to
tackle climate change. Accessed 23/11/19.
Morecroft, M. D. et al. (2019). Measuring the Success of
Climate Change Adaptation and Mitigation in Terrestrial
Ecosystems. Science, 366, no. 6471.
Seddon, N. et al. (2020). Understanding the Value and
Limits of Nature-Based Solutions to Climate Change and
Other Global Challenges. Philosophical Transactions of
the Royal Society B: Biological Sciences, 375, no. 1794,
20190120.
Arneth, A. et al. (2019). Framing and Context. In Climate

Change and Land. An IPCC Special Report on Climate
Change, Desertification, Land Degradation, Sustainable
Land Management, Food Security, and Greenhouse Gas
Fluxes in Terrestrial Ecosystems. IPCC.
Ellis, E. C. et al. (2019). Ecosystem Services and Nature’s
Contribution to People: Negotiating Diverse Values and
Trade-Offs in Land Systems. Current Opinion in
Environmental Sustainability, Sustainability governance
and transformation, 38, 86–94.

64
65
66
67
68

69
70
71
72
73
74

75

Page 6

Miles, L. et al. (2013). REDD+ and the 2020 Aichi
Biodiversity Targets. FAO, UNDP & UNEP.
Mace, G. M. et al. (2018). Aiming Higher to Bend the
Curve of Biodiversity Loss. Nature Sustainability, 1, no. 9,
448–51.
Nature-Based Solutions (NBS) Facilitation Team (2019).

Compedium of Contributions of Nature-Based Solutions Climate Action Summit 2019. UNEP.
Gray, C. L. et al. (2016). Local Biodiversity Is Higher
inside than Outside Terrestrial Protected Areas
Worldwide. Nature Communications, 7, no. 1, 1–7.
Roberts, C. M. et al. (2017). Marine Reserves Can
Mitigate and Promote Adaptation to Climate Change.
Proceedings of the National Academy of Sciences , 114,
no. 24, 6167–75.
O’Leary, B. C. et al. (2016). Effective Coverage Targets
for Ocean Protection. Conservation Letters, 9, no. 6,
398–404.
O’Leary, B. C. et al. (2019). 30x30 A Blueprint for Ocean
Protection. Greenpeace, University of York & University
of Oxford.
Dinerstein, E. et al. (2019). A Global Deal for Nature:
Guiding Principles, Milestones, and Targets. Science
Advances, 5, no. 4, eaaw2869.
Wilson, E. O. (2016). Half-Earth: Our Planet’s Fight for
Life.
Schleicher, J. et al. (2019). Protecting Half of the Planet
Could Directly Affect over One Billion People. Nature
Sustainability, 18, 1–3.
Visconti, P. et al. (2015). Socio-Economic and Ecological
Impacts of Global Protected Area Expansion Plans.

Philosophical Transactions of the Royal Society B:
Biological Sciences, 370, no. 1681, 20140284.
Büscher, B. et al. (2017). Half-Earth or Whole Earth?

76

Radical Ideas for Conservation, and Their Implications.
Oryx, 51, no. 3, 407–10.
Tauli-Corpuz, V. et al. (2018). Cornered by Protected

77

Rights and Resources Initiative.
Alcorn, J. & Molnar, A. (2019). Violations of Indigenous

78
79

80
81
82
83

84

Areas: Replacing “Fortress” Conservation with RightsBased Approaches Helps Bring Justice for Indigenous
Peoples and Local Communities, Reduces Conflict, and
Enables Cost-Effective Conservation and Climate Action.
Peoples’ and Local Communities’ Rights and Steps
Toward Reform in 27 Countries. Rights and Resources

Initiative.
Maron, M. et al. (2019). Global No Net Loss of Natural
Ecosystems. Nature Ecology & Evolution, 4, 46-49.
Barlow, J. et al. (2007). Quantifying the Biodiversity
Value of Tropical Primary, Secondary, and Plantation
Forests. Proceedings of the National Academy of
Sciences of the United States of America, 104, no. 47,
18555–60.
Gibson, L. et al. (2011). Primary Forests Are
Irreplaceable for Sustaining Tropical Biodiversity. Nature,
478, no. 7369, 378–81.
Roe, S. et al. (2019). Contribution of the Land Sector to
a 1.5 °C World. Nature Climate Change, 1–12.
Hill, S. L. L. et al. (2019). Measuring Forest Biodiversity
Status and Changes Globally. Frontiers in Forests and
Global Change 2.
NYDF Assessment Partners (2019). Protecting and
Restoring Forests: A Story of Large Commitments yet
Limited Progress. New York Declaration on Forests FiveYear Assessment Report. Climate Focus.
Jones, K. R. et al. (2018). One-Third of Global Protected
Land Is under Intense Human Pressure. Science, 360,
no. 6390, 788–91.

POSTNOTE 617 February 2020 Climate Change—Biodiversity Interactions

89

Pack, S. M. et al. (2016). Protected Area Downgrading,
Downsizing, and Degazettement (PADDD) in the
Amazon. Biological Conservation 197, 32–39.
Laurance, W. F. et al. (2012). Averting Biodiversity
Collapse in Tropical Forest Protected Areas. Nature, 489,
no. 7415, 290–94.
Senior, R. A. et al. (2019). Global Loss of Climate
Connectivity in Tropical Forests. Nature Climate Change,
9, no. 8, 623–26.
Garnett, S. T. et al. (2018). A Spatial Overview of the
Global Importance of Indigenous Lands for Conservation.
Nature Sustainability, 1, no. 7, 369–74.
Wily, L. W. (2011). The Tragedy of Public Lands: The

90

Coalition.
Rights and Resources Initiative. (2015). Who Owns the

85
86
87
88

91
92

93

94

95
96
97
98

99
100
101
102
103

104
105
106
107

Fate of the Commons under Global Commercial Pressure.
Commercial Pressures on Land. International Land
World’s Land? A Global Baseline of Formally Recognized
Indigenous and Community Land Rights.
Frechette, A. et al. (2016). Toward a Global Baseline of
Carbon Storage in Collective Lands. Rights and
Resources Initiative.
Blackman, B. et al. (2017). Titling Indigenous
Communities Protects Forests in the Peruvian Amazon.

Proceedings of the National Academy of Sciences of the
United States of America, 114, no. 16, 4123–28.
Rasolofoson, R. A. et al. (2015). Effectiveness of

Community Forest Management at Reducing
Deforestation in Madagascar. Biological Conservation,
184, 271–77.
Solan, M. et al. (2020). Benthic-Based Contributions to
Climate Change Mitigation and Adaptation. Philosophical
Transactions of the Royal Society B: Biological Sciences,
375, no. 1794, 20190107.
Brown, J. et al. (2019). Climate Change and Land:
Opportunities and Challenges for the UK. The Royal
Society.
Cullen-Unsworth, L. C. & Unsworth, R. (2018). A Call for
Seagrass Protection. Science, 361, no. 6401, 446–48.
Fourqurean, J. W. et al (2012). Seagrass Ecosystems as
a Globally Significant Carbon Stock. Nature Geoscience,
5, no. 7, 505–9.
Waycott, M. et al. (2009). Accelerating Loss of
Seagrasses across the Globe Threatens Coastal
Ecosystems. Proceedings of the National Academy of
Sciences 106, no. 30, 12377–81.
Dr Richard Unsworth, Personal communication.
Project Seagrass [online]. Accessed 25/11/19.
Unsworth, R. K. F. et al. (2019). Sowing the Seeds of
Seagrass Recovery Using Hessian Bags. Frontiers in

108
109

110
111
112
113

114
115

116
117
118

119
120
121

122

Ecology and Evolution, 7.

GOV.UK [online]. New £2.5 million project launched to
restore fragile marine habitats. Accessed 29/01/20.
IPCC (2018). Annex I: Glossary. In Global Warming of

1.5°C. An IPCC Special Report on the Impacts of Global
Warming of 1.5°C above Pre-Industrial Levels and
Related Global Greenhouse Gas Emission Pathways, in
the Context of Strengthening the Global Response to the
Threat of Climate Change, Sustainable Development, and
Efforts to Eradicate Poverty.
Committee on Climate Change (2019). Reducing UK
Emissions: 2019 Progress Report to Parliament.
Committee on Climate Change (2020). Land Use: Policies
for a Net Zero UK.
Cerullo, G. R. & Edwards, D. P. (2019). Actively
Restoring Resilience in Selectively Logged Tropical
Forests. Journal of Applied Ecology, 56, no. 1, 107–18.
Brancalion, P. H. S. et al. (2019). Global Restoration
Opportunities in Tropical Rainforest Landscapes. Science
Advances, 5, no. 7, eaav3223.

123
124
125
126

127
128

Page 7

Chazdon, R. & Brancalion, P. (2019). Restoring Forests
as a Means to Many Ends. Science, 365, no. 6448, 24–
25.
Osuri, A. M. et al. (2019). Effects of Restoration on Tree
Communities and Carbon Storage in Rainforest
Fragments of the Western Ghats, India. Ecosphere, 10,
no. 9, e02860.
Doelman, J. C. et al. (2019). Afforestation for Climate
Change Mitigation: Potentials, Risks and Trade-Offs.

Global Change Biology.
Fernandes, G. W. et al. (2016). Afforestation of
Savannas: An Impending Ecological Disaster. Natureza &
Conservação, 14, no. 2, 146–51.
Abreu, R. C. R. et al. (2017). The Biodiversity Cost of
Carbon Sequestration in Tropical Savanna. Science
Advances, 3, no. 8, e1701284.
Kumar, D. et al. (2019). Misinterpretation of Asian

Savannas as Degraded Forest Can Mislead Management
and Conservation Policy under Climate Change. Biological
Conservation, 26, 108293.
Bond, W. J. et al. (2019). The Trouble with Trees:
Afforestation Plans for Africa. Trends in Ecology &
Evolution, 34, no. 11, 963–65.
Liu, C. L. C. et al. (2018). Mixed-Species versus
Monocultures in Plantation Forestry: Development,
Benefits, Ecosystem Services and Perspectives for the
Future. Global Ecology and Conservation, 15, e00419.
Smith, P. et al. (2016). Biophysical and Economic Limits
to Negative CO2 Emissions. Nature Climate Change, 6,
no. 1, 42–50.
Gilroy, J. J. et al. (2014). Cheap Carbon and Biodiversity
Co-Benefits from Forest Regeneration in a Hotspot of
Endemism. Nature Climate Change, 4, no. 6, 503–7.
Borah, J. R. et al. (2018). Quantifying Carbon Stocks in
Shifting Cultivation Landscapes under Divergent
Management Scenarios Relevant to REDD+. Ecological
Applications, 28, no. 6, 1581–93.
Poorter, L. et al. (2016). Biomass Resilience of
Neotropical Secondary Forests. Nature, 530, no. 7589,
211–14.
Matos, F. A. R. et al. (2020). Secondary Forest
Fragments Offer Important Carbon-Biodiversity CoBenefits. Global Change Biology, 26, no. 2, 509-522.
Mukul, S. A. et al. (2016). Co-Benefits of Biodiversity and
Carbon Sequestration from Regenerating Secondary
Forests in the Philippine Uplands: Implications for Forest
Landscape Restoration. Biotropica, 48, no. 6, 882–89.
Meinshausen, M. & Dooley, K. (2019). Mitigation
Scenarios for Non-Energy GHG. In Achieving the Paris

Climate Agreement Goals: Global and Regional 100%
Renewable Energy Scenarios with Non-Energy GHG
Pathways for +1.5°C and +2°C, 79–91.
Royal Society (2019). Keeping Global Warming to 1.5°C:
Challenges and Opportunities for the UK.
Committee on Climate Change (2019). Peatlands Case
Study.
Watson,J. E. M. et al. (2018). The Exceptional Value of
Intact Forest Ecoystems. Nature Ecology & Evolution, 2,
no. 4, 599–610.
Liu, J. e al. (2019). Chapter 6. Options for Decision
Makers (Draft). In Global Assessment Report on

Biodiversity and Ecosystem Services of the
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services, IPBES Secretariat.

Kremen, C. & Merenlender, A. M. (2018). Landscapes
That Work for Biodiversity and People. Science, 362, no.
6412.
CBD (2020). Zero Draft of the Post-2020 Global
Biodiversity Framework in CBD/WG2020/2/3 (Open-

POSTNOTE 617 February 2020 Climate Change—Biodiversity Interactions

129
130

ended Working Group on the Post-2020 Global
Biodiversity Framework, Kunming, China: CBD, 2020).
DEFRA, Personal Communication.
Grantham Research Institute on climate change and the
environment [online]. What Is the State of International
Climate Talks?. Accessed 15/01/20.

Page 8

