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The World Commission on Protected Areas (WPCA) has long recognised the importance 
of biodiversity and climate change as dual crises that can only be effectively addressed by 
managing for both. It is this nexus that creates the imperative to include climate change 
mitigation into PCA management and policy – the subject of this technical report. 

Many of the ecosystems most critical to address the biodiversity/climate change nexus are 
being degraded to the extent that they already, or in the near future, will not be able to provide 
the ecosystem services of capturing and storing greenhouse gases. This is true for forests, as a 
result of deforestation and degradation; wetlands, including lakes and peatlands, as a result of 
drainage, afforestation and fires; grasslands and savannas, as a result of  fires, land-use change 
and overgrazing; and oceans and coasts, as a result of development, land-use change, climate 
change (including ocean-acidification) and loss of biodiversity.  

Protected and conserved areas are the most effective solution to addressing the biodiversity/
climate change nexus and ensuring that natural ecosystems can continue their critical role 
of capturing and storing carbon. Second to protection is restoration, including ensuring the 
permanence of restored areas through PCA establishment and management. This technical 
report has been developed to facilitate the incorporation of climate change mitigation into PCA 
management.  

I am pleased to present this new document, which will stand as an important addition to 
several recently released WCPA Technical Reports. It will also serve as background information 
for the Technical Note, Enhancing climate change mitigation in protected and conserved areas: 
A practical guide for managers and policy-makers.

Signed by Madhu Rao, 

Chair, IUCN WCPA

Foreword

Coastal blue carbon ecosystem: 
mangrove forest on Siargao 
Island, Philippines. © Alexpunker 
/ iStock.com
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The importance of protected and conserved areas (PCAs) in biodiversity conservation is 
well-established; their importance for climate change mitigation and adaptation is becoming 
increasingly recognised. There is strong evidence that PCAs are the most effective Natural 
Climate Solution to leverage nature for climate change mitigation. Although specific numbers 
on the GHG emissions that PCAs can mitigate vary, there is general agreement that the role of 
PCAs is significant. For example, it has been estimated that:

i. protecting 30% of land in strategic locations could safeguard 500 billion tonnes (Gt) of the 
carbon stored in vegetation and soils, and reduce the extinction risk of nearly 9 out of 10 
threatened terrestrial species by 2030 (de Lamo et al., 2020);

ii. 20% of the carbon emission reductions needed to achieve the Paris Agreement target 
could be delivered by protection of 30% of the oceans (Lubchenco, Haugan, & Pangestu, 
2020; Stuchtey et al., 2023).

This report covers both terrestrial and marine PCAs. The audience is practitioners and 
policymakers who seek background information on the role of PCAs in climate change 
mitigation to:

• develop policies that enhance biodiversity and climate change simultaneously;

• quantify the importance of PCAs as a mechanism to reduce GHG emissions in Nationally 
Determined Contributions (NDC) to the Paris Agreement;

• include the role of PCAs in climate change mitigation in National Biodiversity Strategies and 
Action Plans (NBSAPs) required by the Convention on Biological Diversity (CBD);

• quantify the climate change mitigation role of PCAs in funding applications.

This report contains nine chapters.

Chapter 1 provides the context for development of this report and the general framework 
used. Some of the particularities of coastal marine ecosystems versus terrestrial ecosystems 
that are important to keep in mind when measuring carbon fluxes also appear in Chapter I. 

Chapter 2 identifies the underlying policy needed to incorporate climate change mitigation 
into PCA management and creation, including enabling international policy, regional and 
national frameworks and opportunities created by required updates to the Convention on 
Biological Diversity’s National Biodiversity Strategies and Actions Plans (NBSAPs) and the Paris 
Agreement’s Nationally Determined Contributions (NDCs). 

Chapter 3 identifies the most promising ecosystems, both coastal marine and terrestrial, for 
enhancing carbon sequestration and protecting carbon reservoirs or stores. It provides the 
evidence that a focus on some ecosystems, such as primary forests, peatlands, coastal blue 
carbon (i.e. mangroves, salt marshes, seagrass meadows), grasslands and savannas, is more 
effective than focusing on all ecosystems. 

Chapter 4 outlines the methodologies used to quantify carbon sequestration and carbon 
stores. It considers both the similarities and differences in measuring carbon in terrestrial PCAs 
and coastal MPAs and provides links to standardised methodologies, where they exist. The role 
of destructive sampling, spatial mapping products, satellite imagery, field measurements and 
models are also explained. 

Chapter 5 outlines the common practices for measuring biodiversity, including field methods, 
remote sensing and ecological modelling. The chapter explains the strengths and weaknesses 
of different approaches in the context of the climate change/biodiversity nexus.

Chapter 6 brings to the forefront the tools that have been developed, in recent years, to 
overlay carbon-density and biodiversity. The chapter presents mapping tools for both terrestrial 
and coastal marine ecosystems and decision-support tools. 

Chapter 7 provides the tools for planning restoration projects intended to enhance climate 
change mitigation. The authors provide some important considerations to enhance the 
usefulness of restoration, from the perspective of greenhouse gas emissions. 

Chapter 8 identifies the available mechanisms for funding PCAs for both climate change and 
biodiversity. The chapter presents the pros and cons of market-based programmes and other 
methods for using climate funds to finance PCAs. 

Chapter 9 provides a brief summary of future work that will facilitate the incorporation of 
climate change mitigation into PCA management and policy. 

Executive summary
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Glossary of terms used
Biome. A biome “denotes a biotic community finding its 
expression at large geographic scales, shaped by climate 
factors” (Mucina, 2019). 

Carbon (C). A chemical element which is present in many gases 
and compounds. The mass of a carbon atom is 12 and oxygen is 
16, so the atomic mass of CO2 is 44 (12+(16*2)=44); 1 kg of CO2 
can be expressed as 0.27 kg of C (12/44). 

Carbon accounting. Carbon accounting comprises the 
recognition, the non-monetary and monetary evaluation and 
the monitoring of greenhouse gas emissions at all levels of the 
value chain and the recognition, evaluation and monitoring of the 
effects of these emissions on the carbon cycle of ecosystems 
(Stechemesser & Guenther, 2012).

Carbon density. The amount of carbon stored in an ecosystem 
measured as tC ha-1 (or tonnes of carbon per hectare). 

Carbon dioxide (CO
2
). The most common GHG emitted by 

human activities, in terms of its total impact on global warming 
(Brander, 2012).

Carbon dioxide equivalent (CO
2
e). Describes GHGs in a common 

unit. For all GHGs it signifies the amount of CO2 which would have 
the equivalent global warming potential (Brander, 2012).

Carbon sequestration. The uptake of carbon containing 
substances, in particular carbon dioxide (CO2), in terrestrial or 
marine reservoirs. Biological sequestration includes direct removal of 
CO2 from the atmosphere through land-use change, afforestation, 
reforestation, revegetation, carbon storage in landfills, and practices 
that enhance soil carbon in agriculture (IPCC, 2014). 

Carbon sink. A component of an ecosystem that absorbs more 
carbon from the atmosphere than it releases, for example, plants, 
soil, the ocean.

Carbon store. The carbon that is stored in ecosystems, as a result 
of sequestration, is referred to as a carbon reservoir or store. 

Climate change mitigation. An anthropogenic intervention that 
reduces the sources or enhances the sinks of greenhouse gases 
(IPCC, 2021).

Coastal blue carbon (CBC). “CBC occupies the intertidal 
margins of shorelines worldwide, extending from the freshwater 
tidal rivers downstream to shallow coastal water that support 
emergent or submerged vascular plants. The presence of vascular 
plants distinguishes these coastal ecosystems from ocean blue 
carbon” (p.107, Section 3.4.1.1 Laffoley & Baxter, 2016).

Ecosystem. “An ecosystem is a region where a bubble of life is 
created by plants, animals and other organisms interacting with 
the weather, landscape, and other factors. Abiotic and biotic 
factors both exist in ecosystems” (Jain et al., 2025). The concept 
of an ecosystem can exist at different scales and always involves 
interactions (Jax, 2007). 

Ecosystem-based management. “An environmental management 
approach that recognises the full array of interactions within an 
ecosystem, including humans, rather than considering single issues, 
species or ecosystem services in isolation” (Christensen et al., 1996).

Ecosystem integrity. The United Nations System of Environmental-
Economic Accounting (SEEA-EA) defines ecosystem integrity 
as “…the ecosystem’s capacity to maintain its characteristic 
composition, structure, functioning and self-organisation over time 
within a natural range of variability”. Ecosystems with high integrity are 
typically more resilient (i.e. they are able to recover from perturbations 
such as natural disturbances or environmental change) (UN Statistical 
Commission, 2021). Ecological integrity is sometimes referred to as 
“ecosystem health”, which is perhaps a more accessible term. 

Ecosystem or ecological resilience. The capacity of ecosystems 
to cope with a hazardous event or trend or disturbance, responding 
or reorganising in ways that maintain their essential function, identity 
and structure, while also maintaining the capacity for adaptation, 
learning and transformation (Pörtner et al., 2022).

Gender mainstreaming. Gender mainstreaming is a strategy 
towards realising gender equality, involving integration of a gender 
perspective into all aspects of policy development and evaluation 
(EIGQ, 2025).

Greenhouse gases (GHG). Any gas in the atmosphere that 
absorbs and re-emits heat. The main GHGs are water vapour, CO

2, 
methane (CH4), nitrous oxide (N2O) and ozone (Brander, 2012).

Natural Climate Solutions (NCS). NCS are deliberate human 
actions that protect, restore and improve management of forests, 
wetlands, grasslands, oceans and agricultural lands to mitigate 
climate change. NCS are synonymous with what the IPCC calls 
Agriculture, Forestry and Other Land Use (AFOLU) mitigation. Ellis 
and colleagues have articulated a set of principles that define NCS 
(Ellis et al., 2024). In some cases, NCS are used interchangeably 
with Nature-based Climate Solutions, although they are not exactly 
the same. NCS are a subset of NbCS (Beasley et al., 2019).

Nature-based Solutions (NbS). Defined by IUCN as “actions 
to protect, sustainably manage, and restore natural or modified 
ecosystems, that address societal challenges effectively and 
adaptively, simultaneously providing human well-being and 
biodiversity benefits” (Cohen-Shacham et al., 2016). NbS 
Incorporates a broad set of actions that address a range of 
societal challenges beyond climate mitigation. They can have 
multiple outcomes with multiple metrics (Ellis et al., 2024).

Nature-based Climate Solutions (NbCS) embrace the power of 
nature to reduce the effects of and adapt to climate change all while 
supporting biodiversity. NbCS are broader than NCS as they include 
some activities in engineered ecosystems (e.g. macroalgae farming) 
that have moved away from their natural state (Ellis et al., 2024).

Negative emission. Net removal of CO2 equivalents of GHG from 
the atmosphere (Don et al., 2024).

Novel ecosystem. An ecosystem in which the biological and/
or abiotic characteristics are outside historical ranges. Novel 
ecosystems are believed to have crossed a threshold in which 
restoration to an historical state is unlikely (Higgs et al., 2018; 
Hobbs et al., 2014). 

Other Effective Area-based Conservation Measures (OECMs). 
Defined by the CBD as “other effective area-based conservation 
measures” (OECMs). An OECM is “a geographically defined area 
other than a protected area, which is governed and managed in 
ways that achieve and sustain positive and sustained long-term 
outcomes for the in situ conservation of biodiversity” (CBD, 2018).

Protected area. A clearly defined geographical space, 
recognised, dedicated and managed, through legal or other 
effective means, to achieve the long-term conservation of nature 
with associated ecosystem services and cultural values. This 
IUCN definition includes six management categories and four 
governance types (Dudley, 2008).

Protected and conserved area (PCA). Refers to all forms of 
area-based protection, including Protected Areas as defined by 
IUCN categories I–VI, Other Effective Area-based Conservation 
Measures (OECMs) and different forms of governance such 
as Indigenous Protected and Conserved Areas (IPCAs), and 
Indigenous and Community Conserved Areas (ICCAs). It also 
refers to terrestrial protected areas and marine protected areas.
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Carbon-dense salt marsh on  
the coast of Virginia, USA.  
© McKinneMike / iStock.com

Herd of wildebeests and 
antelopes migrating on the 
savanna in Tanzania. © Janina 
Delissen / iStock.com
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1.1 Context 
Climate change mitigation refers to an intervention, by people, that reduces the sources or 
enhances the sinks of greenhouse gases (GHGs) (IPCC, 2021). Mitigating climate change has 
become increasingly urgent: 2024 was 1.55ºC ± 0.13ºC above the 1850–1900 average, the 
warmest year in the 175-year observational record. Other indicators of climate change continued 
to increase, such as sea surface temperature, sea ice loss, sea level rise and glacier loss, while 
greenhouse gasses emissions also rose (Copernicus Climate Change Service (C3S) & World 
Meteorological Organization (WMO), 2025; World Meteorological Organization (WMO), 2025). 
There is strong scientific consensus that attaining the Paris Agreement target to hold the rise in 
global average temperature to 2ºC and strive for less than 1.5ºC will require rapid and significant 
reductions in GHG emissions, supplemented by other climate change mitigation tools (IPCC, 
2023). The creation and effective management of Protected and Conserved Areas (PCAs)1 
are increasingly recognised as one of these tools. PCAs protect the ability of ecosystems to 
sequester carbon dioxide (CO2) from the atmosphere, prevent the release of stored carbon, 
and over time may be important for the large-scale permanent removal of carbon CO2 from the 
atmosphere, depending on the composition of the PCA (Brunner, Hausfather, & Knutti, 2024; 
Cannizzo et al., 2024; Ellis, 2019; IPCC, 2022; Kapos et al., 2022; Wolf et al., 2021). In addition, 
PCAs contribute to the resilience of the natural world, essential to long-term maintenance of 
ecosystem function and services, including climate regulation (Dinerstein et al., 2019; Nabuurs 
et al., 2022; Pörtner et al., 2022; Rockström et al., 2017). A recent study estimated that global 
protected areas store 61.43 billion tonnes (Gt) of above-ground carbon – 9.65 Gt of which is 
attributed to their protected areas status. This additional carbon stored above ground in protected 
areas is roughly equivalent to one year of annual anthropogenic global fossil fuel emissions 
(Duncanson et al., 2023) and does not even include below-ground carbon storage, which often 
contains more stored carbon than above ground (see Chapter 4). 

PCA managers and planners consistently identify the lack of specific tools as a barrier to 
incorporating climate change mitigation into their decision-making (Ankenman & Smith, 2025). 
This report is intended to fill that gap. It provides a resource for incorporating climate change 
mitigation into PCA management and planning. It supplements the volume on Adapting to 
climate change: Guidance for protected areas managers and planners, which provides a tool 
for incorporating Ecosystem-based Management, including climate change adaptation, in PCA 
management and planning (Gross et al., 2016). 

Protected areas are generally created and managed for multiple values, including biodiversity 
conservation, cultural heritage, recreation, sustainable use of resources and other ecosystem 
services such as climate regulation and water regulation. Managing for multiple values is at 
the heart of effective protected areas management. Jung and colleagues (Jung et al., 2021) 
showed that protecting 30% of the Earth’s land base would result in protection of most species, 
carbon and water. Nevertheless, this report is focused on how to incorporate one of these 
values – climate change mitigation – into protected areas creation and management. The focus 
on one value is not intended to diminish the importance of managing for multiple values. Rather, 
this report is intended to fill a gap on how climate change mitigation can be incorporated into 
PCA management, as one of many values.  

1.2 Framework

Figure 1.1 Organisational 
framework for this report. The 
report is organised around the 
elements required to incorporate 
climate change mitigation 
into PCA management and 
policy. Enabling policies are 
discussed in chapters 2 and 3; 
methodologies for measurement 
are discussed in chapters 4, 5 
and 6; opportunities to obtain 
co-benefits for biodiversity and 
climate change mitigation are 
discussed in chapters 7 and 8.  

1. In this report we use the term Protected and Conserved Areas (PCAs) to refer to all types of area-based protected areas, whether they be protected 

as defined by IUCN categories I–VI, Other Effective Area-based Conservation Measures (OECMs), Indigenous Protected and Conserved Areas (IPCAs) or 

Indigenous and Community Conserved Areas (ICCAs).
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1.3 Report highlights
 ✔ An underlying policy framework that recognises the climate change mitigation 

potential of PCAs and makes commitments to create, enhance and/or manage 

PCAs with this potential in mind is necessary (see Chapter 2).

A policy framework can enable and help finance climate change mitigation measures 
in PCAs, support policies that enhance the longevity of carbon sinks and stores and 
recognise the rights, sovereignty and title of Indigenous peoples. 

 ✔ Ecosystems with the most potential for carbon sequestration and long-term 

storage need to be identified so that the management of existing PCAs, and the 

creation of new ones, can focus on these ecosystems (see Chapter 3). 

In general, oceans, forests, grasslands/savannas, peatlands and coastal vegetated areas 
(coastal blue carbon) are the most important natural ecosystems for GHG emissions 
reduction, although other ecosystems can be locally important. PCAs are managed for 
multiple values. Not all PCAs will be candidates for the incorporation of climate change 
mitigation.

 ✔ Methodologies for measuring carbon in natural ecosystems are already well 

established (see Chapter 4).

Two types of carbon measurement are required to support the recognition and 
incorporation of natural ecosystems in policy and financing for climate change mitigation: 
i) the quantity of carbon that an ecosystem or a PCA can sequester from the atmosphere; 
ii) the ability of the ecosystem or PCA to store the carbon sequestered for long periods 
(i.e. hundreds or even thousands of years). 

 ✔ Publicly available datasets, validation techniques, models and high-resolution 

imagery for many ecosystems are generally available. In some cases, increasing 

accessibility to carbon-related information would facilitate assessing the climate 

change mitigation potential of PCAs, especially if it is available at a relevant scale 

for individual PCAs (see Chapters 4 and 6).

Global data that is compiled from local, sub-national or national data is useful for analysis 
of carbon in PCAs, especially if it can be disaggregated. The type of data required to 
demonstrate or document the climate mitigation contributions of natural ecosystems 
and PCAs depends on the scale and purpose of the analysis. If the purpose is to 
obtain carbon credits or support reductions in GHG emissions in Nationally Determined 
Contributions (NDCs) to the Paris Agreement, internationally agreed on methodologies 
have to be followed. More fundamentally, there is a need to develop reliable and robust 
methods for a range of different ecosystem types in their various local contexts, and it 
is desirable that such methods are also comparable, cost-effective and affordable for 
stakeholders. The aggregation of data from finer scales (e.g. sub-national ecosystem 
types or individual PCAs) will also become increasingly important for more accurate 
climate change mitigation analyses, including the contributions of PCAs to GHG 
emissions reduction. 

 ✔ Build capacity amongst protected areas managers and policymakers to use 

available tools and models (see Chapter 2 and 3).

A survey conducted prior to developing this report identified that most protected areas 
managers did not feel competent to incorporate climate change mitigation into their 
management plans (Ankenman & Smith, 2025). The development of training modules 
geared at the level of PCA manager is foundational to expanding assessments of the 
carbon content and GHG emissions reduction potential of PCAs.

 ✔ Terrestrial PCAs and coastal MPAs are both important contributors to reductions in 

GHG emissions (see Chapters 1, 3 and 4).

Often methods to account for climate change mitigation in coastal marine and terrestrial 
ecosystems are provided in different documents, inhibiting comparisons. In this report the 
similarities and differences of terrestrial and marine PCAs are discussed with the aim of 
improving understanding of the respective roles of terrestrial and marine protected areas.
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 ✔ Although biodiversity is always measured in PCAs, incorporating carbon 

measurements should be done in a way that ensures climate change mitigation 

actions benefit biodiversity conservation and do not cause unintended negative 

consequences (see Chapter 5, 7 and 8).

Employing Natural Climate Solutions1 to reduce GHG emissions is generally positive 
for biodiversity, although some climate change mitigation actions can negatively impact 
biodiversity. For example, forest management practices that increase the diversity of plant 
species have been shown to also increase sequestration of atmospheric CO2. On the 
other hand, forest management practices that result in afforestation where forests were not 
previously present can result in an increase in sequestration of atmospheric CO2, but have 
negative impact on biodiversity (i.e. reducing the composition, structure and function of the 
ecosystem that has been forested). Careful consideration has to be given to impacts on 
both GHG emissions reduction and biodiversity. 

 ✔ Restoration of damaged ecosystems in PCAs has a role to play in climate change 

mitigation. Realising the full climate mitigation benefits of restoration outside PCAs 

may require protecting restored ecosystems to ensure the longevity of restored 

carbon (see Chapter 7).

Although protection of healthy but at-risk high carbon ecosystems has the most immediate 
benefits for the global climate and biodiversity, restoring degraded ecosystems makes 
a significant contribution to climate change mitigation over the longer term. The most 
important aspects of restoration, from the viewpoint of climate change mitigation, are: i) 
the restoration of degraded ecosystems within PCAs; and ii) the restoration of degraded 
ecosystems outside PCAs, including protecting restored ecosystems to ensure long-term 
carbon sequestration and storage. 

 ✔ Incorporating climate change mitigation into PCA management and/or creation 

provides opportunities to leverage climate financing for biodiversity. This can help 

bridge the gap between biodiversity financing and climate change financing (see 
Chapter 8). 

The climate financing sector has many tools that are appropriate for funding new PCAs 
and managing existing PCAs for climate change mitigation. However, serious pitfalls related 
to the credibility of carbon measurements have been identified in the literature. Avoiding 
these pitfalls is critical to the return on investments in climate change mitigation. Conversely, 
there are also many opportunities to align the business case for climate finance with 
PCA establishment or management improvements using either existing or new tools and 
approaches. Identifying and facilitating these alignments through climate finance is a key 
strategy for implementing Natural Climate Solutions.  

1. In this report the term ‘Natural Climate Solutions’ (NCSs) is used to refer to human actions that make use of the properties of natural ecosystems to protect, 

restore and improve management of forests, wetlands, grasslands, oceans and agricultural land to mitigate and adapt to climate change. NCSs are often used 

interchangeably with the more general term ‘Nature-based Climate Solutions’ (NbCSs). NbCSs are similar, but they can make use of engineered ecosystems 

in addition to natural ecosystems. See also glossary of terms used.

Carbon-dense rainforest in 
Queensland, Australia.  
© AustralianCamera / 
Shutterstock.com
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1.4 Comparing coastal marine 
and terrestrial realms
This report addresses both terrestrial protected areas and coastal marine protected areas 
(MPAs). It does not address open ocean MPAs. There is strong evidence supporting the 
importance of coastal marine protected areas as a climate change mitigation tool, while the role 
of open ocean MPAs is less clear (Howard et al., 2023). Chapter 4 provides a comparison for 
measuring carbon stores and sequestration in terrestrial and coastal blue carbon ecosystems. 
While there are many similarities, important differences need to be taken into account. 

1.4.1 Absorption of atmospheric CO
2
 

Terrestrial plants take up atmospheric CO2 directly and turn it into organic carbon, through the 
process of photosynthesis. In marine systems, the uptake of atmospheric CO2 is more complex 
and involves three pathways: i) the biological carbon pump, in which marine phytoplankton and 
algae absorb and transform CO2 through photosynthesis and deposit it on the seabed, much 
like in terrestrial systems; ii) the physically dissolved carbon pump, in which atmospheric CO2 is 
dissolved directly into seawater; iii) the marine carbonate pump, in which carbon is absorbed, 
transformed and released by shellfish, coral reefs and other marine organisms (McLeod et 
al., 2011; Tang et al., 2018). In coastal blue carbon ecosystems most atmospheric CO2 is 
processed through the biological carbon pump, similar to terrestrial ecosystems. That is, plants, 
phytoplankton, macrophytes, algae and calciferous organisms, in salt marshes, mangroves and 
seagrass ecosystems, directly take up atmospheric CO2.

However, it is important to note that absorption and release of CO2 by seawater is controlled by 
the partial pressure of atmospheric CO2 and the partial pressure of CO2 dissolved in sea water: 
“When the partial pressure in the atmosphere is greater than (less than) the partial pressure 
of dissolved seawater, there is a net influx (efflux) of CO2 from the atmosphere” (Hori, Bayne, 
& Kuwae, 2019). This mechanism creates uncertainty in the role of marine ecosystems in 
atmospheric CO2 concentrations because if atmospheric CO2 concentrations decline, it could 
create a feedback loop in which oceanic CO2 is released back into the atmosphere. 

1.4.2 Spatial extent 
While the spatial extent of the oceans is far greater than all land masses combined, the spatial 
extent of coastal blue carbon ecosystems is significantly less than land masses. Even though 
coastal blue carbon has a carbon density equivalent or more than some of the important 
terrestrial ecosystems, the sheer extent of terrestrial ecosystems like forests makes them a 
more important carbon sink than coastal blue carbon. Although this report does not address 
the open ocean, it is equally true that the sheer extent of the open ocean magnifies its global 
importance for climate change mitigation.

Mangrove forests, like this one 
in Cambodia, are important for 
the vast amounts of carbon they 
store and their high biodiversity 
value. © f9photos / iStock.com
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1.4.3 Ownership 
The ownership of terrestrial systems varies widely, including 
government, private, and Indigenous ownership. In the coastal 
marine realm, ownership is less clear. Often governments are 
responsible, recently some sea claims by Indigenous peoples 
have been recognised, and private ownership is rare. This 
influences management approaches for terrestrial PCAs and 
coastal MPAs.

1.4.4 Ecological considerations 
Ecosystem boundaries on land can be distinct and identifiable, 
although even on land ecosystem boundaries can change as 
a result of many factors including those accelerated by climate 
change and the spatial scale under consideration. In coastal 
marine areas, ecosystem boundaries are more transitional, 
as some ecosystems can disappear and appear again from 
year to year. As well, climate change effects, such as sea-
level rise, deoxygenation and acidification, can have profound 
effects on coastal MPAs. It is important to note that climate 
change effects on terrestrial ecosystems are also profound (i.e. 
warming, drought, floods, climate-exacerbated wildfires). 

1.4.5 Longevity
If undisturbed, the carbon stored in coastal marine 
ecosystems can be maintained for millennia, as the rate of 
decomposition is hindered by the anaerobic conditions. In 
some terrestrial ecosystems, the longevity of stored carbon 
can be comparable to coastal marine ecosystems, especially 
if below-ground conditions tend to be anaerobic, as in 
peatlands. However, in most terrestrial ecosystems processes 
of decomposition release carbon at a faster rate than in the 
marine environment. 

1.4.6 Abiotic influences 
Although a variety of abiotic influences affect both terrestrial 
and marine ecosystems, in the marine realm underwater light 
penetration, salinity and the effects of tides are additional 
influences (Serrano et al., 2019).

1.4.7 Coastal squeeze 
A combination of sea-level rise and physical barriers, such 
as infrastructure, can prevent the landward migration of 
ecosystems as the coastline moves inland. This exposes 
coastal blue carbon ecosystems to further degradation, 
including the loss of primary producers that sequester
carbon and potential indirect disturbance of the substrate 
where most of the carbon is stored (Martínez et al., 2014; 
Serrano et al., 2019).

1.4.8 Carbon source 
In terrestrial systems, carbon is usually produced and deposited 
in the same location (i.e. the carbon is autochthonous). In 
coastal blue carbon ecosystems, the carbon can be produced 
and deposited in the same location – which is usually the 
case for mangroves and salt marshes – or it can be produced 
in one location and deposited in another (i.e. allochthonous) 
– which is the case for about 50% of the carbon stored 
in seagrass meadows. This makes it difficult to accurately 
estimate the carbon sequestration potential of coastal blue 
carbon ecosystems when the fate of the sequestered carbon is 
unknown (Fest, Swearer, & Arndt, 2022; Howard et al., 2014).     

Salt marsh, Northton on the  
Isle of Lewis and Harris,  
Outer Hebrides, Scotland.  
© StephenBridger / iStock.com

Sediments in seagrass beds, like 
this one, store carbon for long 
periods if undisturbed. © divedog 
/ Shutterstock.com
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2.1 Chapter highlights  
Ensuring the right policies to support the role of Protected and Conserved Areas (PCAs) as a 
climate change mitigation tool is a foundational step. This requires:

 ✔ Identifying policy entry points at different scales (regional, national, sub-national);

 ✔ Strengthening multisectoral collaboration and stakeholder engagement;

 ✔ Incorporating Natural Climate Solutions and/or Ecosystem-based Management into national 
targets for both National Biodiversity Strategies and Action Plans (NBSAPs) to the UN 
Convention on Biological Diversity and Nationally Determined Contributions (NDCs) to the 
Paris Agreement;

 ✔ Identifying and prioritising carbon-dense/high-biodiversity areas for protection;

 ✔ Having mechanisms to ensure the longevity of all types of PCAs, but particularly if they are 
to have a meaningful role in climate change mitigation;

 ✔ Increasing PCA connectivity;

 ✔ Increasing ecosystem integrity and resilience of PCAs;

 ✔ Recognising the rights and title of Indigenous peoples and the reality that most of the 
world’s remaining intact terrestrial areas have been under the stewardship of Indigenous 
peoples around the world.

2.2 Introduction 
Biodiversity loss and climate change are linked global crises requiring rapid policy responses 
and significant financial investments (also see Chapter 6: Integrating hotspots for carbon-
density and biodiversity and Chapter 8: Financing protected areas for climate change 
mitigation). The scientific evidence supports policy initiatives that link biodiversity targets, 
agreed through the Kunming-Montreal Global Biodiversity Framework (CBD, 2022), and climate 
change targets, agreed to through the Paris Agreement to the United Nations Framework 
Convention on Climate Change (UNFCCC, 2015). It is the integration of these two global 
policies that provides the context for incorporating climate change mitigation into PCA 
management (Mori et al., 2024). Supporting policies at regional, national and sub-national levels 
stem from these two global frameworks and call for the integration of biodiversity and climate 
change policies in a more holistic manner (CBD, 2020; IPBES, 2019; Pettorelli et al., 2021; 
Turney, Ausseil, & Broadhurst, 2020; UNFCCC, 2019, 2023b). 

2.3 Enabling international policy

2.3.1 The Paris Agreement
The Paris Agreement (2015) is a legally binding international treaty to limit global warming, 
negotiated under the United Nations Framework Convention on Climate Change (UNFCCC) 
(UNFCCC, 2015). It came into force in November 2015. The Paris Agreement highlights 
the importance of protecting, conserving and restoring terrestrial and marine nature and 
ecosystems as sinks and reservoirs of greenhouse gases in order to achieve the long-term 
global goal of the UNFCCC. It also recognises the role of PCAs in climate change mitigation. 
During the 26th Conference of the Parties to the UNFCCC (COP26), in Glasgow, Scotland, 
for the first time, oceans were integrated into the areas of work (Lennan & Morgera, 2022; 
UNFCCC, 2023a). The need for a greater integration of nature protection into climate solutions 
was further solidified with the Sharm el-Sheikh Implementation Plan from COP 27 in Egypt 
(UNFCCC, 2022) and at COP28, in Dubai, UAE, where Parties emphasised “the importance 
of conserving, protecting and restoring nature and ecosystems towards achieving the Paris 
Agreement temperature goal” by protecting “terrestrial and marine ecosystems acting as 
sinks and reservoirs of greenhouse gases and by conserving biodiversity” (UNFCCC, 2023c). 
At COP29, in 2024 in Baku Azerbaijan, further recognition of the Kunming-Montreal Global 
Biodiversity Framework (GBF) was not included in the text. A coalition of organisations 
produced a guide to incorporating Natural Climate Solutions, including protected areas, into 
NDCs (Nature4Climate Coalition, 2024).
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Case Study 2.1

Climate mitigation benefits of PCAs in Tanzania  

Submitted by

Mengyu Liang, Stanford University and University of 

Maryland, USA

Location of PA

All PCAs in Tanzania as documented in the World 

Database on Protected Areas

IUCN governance type 

More than 98% of Tanzania’s PAs1 are nationally 

designated, including national parks, forest reserves, 

game reserves, game-controlled areas, and forest 

plantations, representing approximately 55% of the total 

protected land area in the country. The remaining 2% of 

Tanzania PAs are internationally designated, meaning 

they are protected under global conventions, such as 

World Heritage Sites and the UNESCO-MAB Biosphere 

Reserve, accounting for approximately 45% of the total 

Tanzanian protected areas. 

Governance is often shared by government and 

Indigenous peoples and local communities.

The project

This case study conducts a retroactive assessment of the 

climate mitigation benefits resulting from protected areas 

designations in Tanzania by comparing the carbon 

stocks to similar but unprotected areas. A total of 830 

PAs are documented in the World Database on Protected 

Areas (WDPA) for Tanzania. These PAs vary in size and 

collectively cover 38.2% of Tanzania’s terrestrial land 

area. Ecosystems represented are:

• Tropical and Subtropical Grasslands Savannas, and 

Shrublands (TSGSS) (84.6%);

• Tropical and Subtropical Moist Broadleaf Forests 

(TSMBF) (7.6%);

• Flooded Grasslands and Savannas (FGS) (6.8%);

• Montane Grasslands and Shrublands (MGS) (0.5%);

• Mangroves (0.5%).

Results

The authors of this study estimated the carbon stocks in 

Tanzania’s PAs utilising the climate change data from 

the Global Ecosystem Dynamics Investigation (GEDI), a 

NASA mission designed to provide near-global satellite 

LiDAR data (Dubayah et al., 2020). GEDI is a full-

waveform spaceborne LiDAR instrument that measures 

vegetation’s 3-dimensional structure through systematic 

sampling at 25 m spatial resolution (or footprint) within a 

latitudinal range of 52.6° N and 52.6° S (Dubayah et al., 

2020). GEDI produces a suite of forest structure 

products, including canopy heights, cover and foliage 

metrics, and biomass. At each footprint, precise 

structural measurements of canopy relative height (RH) 

can be obtained from GEDI’s Level 2A (L2A) products. 

GEDI is open-source data, which allows knowledge 

gaps to be filled in countries where traditional methods 

are not available. 

In this study, GEDI data from 2019–2020 were used to 

compare the ecological structure of PAs with controls 

that have comparable environmental and socio-

economic characteristics in the baseline year of 2000. 

To account for potential confounding factors that could 

influence the ecological outcomes of PAs, the authors 

employed statistical matching to find unprotected 

counterfactuals. Statistical matching can account for 

the potential influence of PA placement in remote areas 

with less human disturbance, for example. The 

matching process involved pairing 1 km2 protected sites 

with unprotected control sites based on a suite of 12 

environmental and socio-economic variables from 

approximately the year 2000. The matching algorithm 

was then evaluated to ensure confidence in its ability to 

select reliable unprotected counterfactual data and 

reduce confounding effects.

1. In the case studies the use of the terms PA and PCA depend on the term used by the author(s).
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The authors subsequently extracted GEDI’s forest 

structure metrics and above-ground biomass estimates 

for both protected and control sites, comparing how the 

forest structure and carbon stocks differed between the 

two. A total of 2,400,502 quality-filtered GEDI 

observations over Tanzania were analysed. Of these, 

1,618,454 GEDI samples were taken from PAs, while 

782,048 were taken from control sites across a 1 km 

raster surface of the matched sites.

Successes

The results revealed that forests in PAs are 20.7% 

taller, have 23.0% larger canopy cover, and have a 

37.2% higher plant area index (PAI) per unit area than 

controls. These findings indicate that PAs store 24.4% 

more biomass per unit area, suggesting that the 

355,799 km² (35,579,900 ha) of PAs analysed in 

Tanzania could have the potential to store 

approximately 0.39 Gt (390 Mt) carbon. This highlights 

area-based conservation’s potential in preserving 

carbon stocks for climate mitigation.

Challenges

Some PAs have missing attributes as documented in the 

WDPA, such as the types of PA governance. This 

presented challenges to the stratified analyses where we 

aimed to understand how governance types are related 

to PA’s effectiveness in preserving forest carbon.

Additional resources

(Liang et al., 2023) 

Zebras in Serengeti National Park, Tanzania. Savanna ecosystems store vast amounts of carbon below-ground. © Delbars / iStock.com  



10 | Enhancing climate change mitigation in protected areas

Chapter 2 Policy to support climate change mitigation in protected areas

2.3.2 Kunming-Montreal Global Biodiversity Framework
In December 2022 at COP 15, the CBD adopted the Kunming-Montreal Global Biodiversity 
Framework (GBF), in which Parties to the Convention agreed, through Target 3, to “Ensure and 
enable that by 2030 at least 30 per cent of terrestrial, inland water, and coastal and marine 
areas, especially areas of particular importance for biodiversity and ecosystem functions 
and services, are effectively conserved and managed through ecologically representative, 
well-connected and equitably governed systems of protected areas and other effective 
area-based conservation measures, recognizing indigenous and traditional territories, where 
applicable, and integrated into wider landscapes, seascapes and the ocean, while ensuring 
that any sustainable use, where appropriate in such areas, is fully consistent with conservation 
outcomes, recognizing and respecting the rights of Indigenous peoples and local communities, 
including over their traditional territories” (CBD, 2022). Analyses suggests that:

• Protecting 30% of land in strategic locations could safeguard 500 gigatonnes (Gt) of the 
carbon stored in vegetation and soils, and reduce the extinction risk of nearly 9 out of 10 
threatened terrestrial species, by 2030 (de Lamo et al., 2020).

• Twenty percent of the carbon emission reductions needed to achieve the Paris Agreement 
target could be delivered by protection of 30% of the oceans (Lubchenco, Haugan, & 
Pangestu, 2020; Stuchtey et al., 2023).

Target 8 of the GBF also incorporates climate change and aims to “Minimise the impact of climate 
change and ocean acidification on biodiversity and increase its resilience through mitigation, 
adaptation and disaster risk reduction actions, including through nature-based solutions and/or 
ecosystem-based approaches while minimizing negative and fostering positive impacts of climate 
action on biodiversity” (Archer et al., 2022; CBD, 2022).

2.3.3 Cooperation between UNFCCC and CBD
As explained in a recent review by Boran and Pettorelli (Boran & Pettorelli, 2024), successful 
implementation of the Paris Agreement and the GBF requires establishment of a joint 
programme of work between the UNFCCC and the CBD. Although there has long been 
recognition of the need for joint work between these Rio Conventions, efforts to create mutually 
supportive implementation frameworks have so far failed. For example, intentions to initiate 
joint work began with the 2001 creation of a Joint Liaison Group of the three Rio Conventions – 
UNFCCC, CBD, UN Convention to Combat Desertification (UNCCD). Due to lack of meaningful 
progress, the group has not met since 2016. 

Recent signals of the intent for cooperation are found in the Joint Statement on Climate, 
Nature and People led by the UNFCCC and CBD presidencies at UNFCCC COP28, and 
the subsequent statement of intent, January 2024. The presidents of the two conventions 
committed, among other things, to increases in finance and investments for climate and nature, 
interoperability across data sources and data collection and voluntary reporting frameworks. 
However, a much needed joint work programme remains elusive (Boran & Pettorelli, 2024). 

Cooperation is essential to 
manage large carbon-dense 
ecosystems, like the Amazon 
Rainforest, that crosses nine 
national borders. © mariusz_
prusaczyk / iStock.com
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2.3.4 Other global cooperation
During COP 27 of the UNFCCC, a collaborative initiative between the COP27 presidency and 
IUCN was established “Enhancing Nature-based Solutions (NbS) for and Accelerated Climate 
Transformation (ENACT)” (IUCN, 2022). This initiative aims to increase collective action, bringing 
global coherence to activities and to close the finance gaps across climate, biodiversity and 
desertification. As of 2024 the biodiversity finance gap was estimated to be USD 700 billion 
per year to 2030 (Pettinotti et al., 2024). ENACT aims to do this by facilitating collaboration 
and policy dialogue between government and non-state actors. Additional cooperation 
commitments were also made by Ministers and other heads of delegations under the Kunming 
Declaration (CBD, 2021) during COP15, where they agreed to “enhance collaboration and 
coordinate actions with ongoing multilateral environmental agreements, such as the United 
Nations Framework Convention on Climate Change”. 

Although several commitments are already being taken at the global level to integrate each 
other’s agendas, these have yet to be fully and effectively translated on the ground. There is 
a need therefore to scale up this cooperation even further and jointly support the translation 
and integration of global biodiversity protection and climate change mitigation commitments 
at local, regional and national levels. Figure 2.1 shows a summary of potential pathways – not 
necessarily mutually exclusive – for climate change mitigation and PCA policy integration.

Figure 2.1 Potential pathways for protected areas and climate change mitigation policy integration. 
Regional policies related to the identification of new protected areas and expansion and/or management 
of existing ones, can provide insights into the role of PCAs for climate change mitigation.
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2.3.5 Building capacity
Capacity building for climate change and sustainable development are the subjects of many 
UN decisions and philosophical discussions that cannot be addressed in this technical 
document. A helpful review on the subject can be found in a 2022 special issue of the journal 
Climate Policy (Klinsky & Sagar, 2022). Guidance on how PCA managers can adapt to the 
impacts of climate change has been addressed by several initiatives (Gross et al., 2016; 
Melbourne-Thomas et al., 2024; van Kerkhoff et al., 2019). On the other hand, guidance on 
incorporating climate change mitigation in PCA management and policy is rarely addressed. 
For example, the IUCN publication on governance for PA management discusses cultural and 
operational capacity building, the importance of building an understanding of the impacts of 
climate change and managing PCAs for uncertainties and risk. It does not address the need 
to build knowledge on the potential for PCAs to provide climate change mitigation (Worboys 
et al., 2015). 

Intergovernmental communities, multi-stakeholder networks, NGOs and projects can play 
a large role in building capacity for protected area managers to be better equipped to 
incorporate climate change mitigation actions into protected area strategies (see Box 2.1 for 
examples from Africa).

Box 2.1

Building capacity on the ground in Africa

The Southern African Development Community (SADC) Secretariat provided training 

to participants from across 18 Trans-frontier Conservation Areas (TFCAs) in the 

region to address climate change, including integrating climate change adaptation 

and mitigation into the TFCA management plans and engaging with local 

communities about climate change (SADC, 2020). A Climate Change and Protected 

Areas Project (2016–2018) supported experts and professionals in politics and 

practice to strengthen protected areas as effective instruments of climate change 

mitigation and adaptation. 

2.4 Integrating climate change 
mitigation and protected and conserved 
areas policies at the regional level
Regional policies enable landscapes and seascapes to be governed and managed as an 
ecosystem unit, which allows for a more holistic and effective approach for addressing 
multiple transboundary threats and their impacts. Regional or transboundary conservation 
also promotes the protection of migratory and other important mobile species. Climate 
change can be considered a transboundary threat for humans and biodiversity. For example, 
extreme events such as fires and floods often transcend geographic and political boundaries 
and require a transboundary or regional management approach. Competing interests and 
priorities may confound individual efforts with actions in one territory potentially having 
negative implications in others. Individual territories rarely have sufficient power or authority 
to address transboundary problems adequately on their own (McKinney, 2015; McKinney & 
Johnson, 2009). 

Both biodiversity protection and climate change mitigation require multi-jurisdictional and 
multinational governance approaches (Malhi et al., 2020) to meet global targets, making 
regional initiatives and policies highly important for promoting climate action in protected 
areas, in particular. 
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Case Study 2.2

Is climate-smart conservation feasible in Europe? Spatial relations of protected 
areas, soil carbon and land values

Submitted by

Kerstin Jantke, Center for Earth System Research and 

Sustainability, University of Hamburg, Germany

Name of protected or conserved area and location

The Terrestrial Natura 2000 network consists of over 

27,000 PCAs of 26 EU member states, namely Austria, 

Belgium, Bulgaria, Czech Republic, Denmark, Estonia, 

Finland, France, Germany, Greece, Hungary, Ireland, 

Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, 

Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 

Sweden, United Kingdom. The EU member states 

Croatia and Cyprus were excluded due to data 

deficiencies. 

IUCN governance type

Natura 2000 is a network of protected areas established 

under the European Union’s Birds Directive and Habitats 

Directive. Most of the areas are privately owned, although 

a number are managed by government entities. The 

network covers 18% of Europe, in 26 of 28 member 

states. Additionally, there are PCAs that actively involve 

Indigenous peoples and local communities. These 

protected areas aim to conserve Europe’s most valuable 

and threatened species and habitats. While these 

protected areas were originally created to protect 

biodiversity, the need to incorporate climate change 

mitigation priorities to achieve conservation goals has 

more recently been identified. 

The project

The objective of this study was to investigate the overlap 

between existing Natura 2000 sites, land value, and soil 

organic carbon stocks. To conduct the spatial analyses, 

the research team compiled three key datasets: the 

boundaries of Natura 2000 PCAs (Directorate-General for 

Environment (DG ENV), 2014), the soil organic carbon 

content of top-soils across Europe (Jones et al., 2004) 

and agricultural land values, derived from author 

calculations based on data from the European 

Commission’s Farm Accountancy Data Network (FADN). 

Jantke and colleagues (2016) provide details of the 

methodology (Jantke et al., 2016). Agricultural land 

values were chosen as an estimate for overall land values 

because of the prevalence of agricultural land within the 

protected area network. The researchers categorised 

both the land value and carbon datasets into ‘low’, 

‘medium’ and ‘high’ classifications, subsequently 

overlaying these map layers onto the Natura 2000 sites to 

obtain the results.

Successes

Most Natura 2000 sites (1,573,052 km2) are in areas 

with medium carbon content and medium agricultural 

land value. This is followed by areas with low 

agricultural land value and high soil carbon content 

(~100,000 km2), and then those with high agricultural 

land value and high soil carbon content (23,456 km2). 

The fewest sites were in areas with low soil carbon and 

high agricultural land value. 

These findings indicate that there is a significant overlap 

between Natura 2000 sites and regions with high carbon 

content across Europe. Further, these carbon-rich sites 

have statistically significantly lower land values than 

carbon-poor sites. The results suggest that both 

biodiversity conservation and climate change mitigation 

can be simultaneously achieved in Europe’s protected 

areas by prioritising protecting areas with high soil 

carbon. The researchers concluded that there is a 

notable potential for climate-smart conservation in 

Europe that requires further research.

Associated resources

(Jantke et al., 2016) 

(Neigenfind, 2015)

Salt marsh at Ebro Delta Natural Park, Catalonia, Spain. © Gerold 
Grotelueschen / iStock.com
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2.4.1 Identifying potential regional policy entry points
The first step for incorporation of climate change mitigation into protected areas management is 
to link approaches to relevant regional networks. A few examples of regional networks already 
integrating biodiversity and climate change mitigation into regional policies are:

• The EU’s Biodiversity Strategy for 2030, which aims to put Europe’s biodiversity on the path 
to recovery by 2030 for the benefit of people, climate and the planet. It explicitly mentions the 
need for policy coherence in particular to reduce biodiversity loss world-wide. The strategy 
identifies the protection and restoration of biodiverse areas with high ecosystem services and 
climate mitigation potential as one area requiring particular attention (European Commission, 
2020) (see case study 2.2). 

• The Economic Community of West African States (ECOWAS) has developed a Regional 
Climate Strategy (2022–2030) that identifies protected forests as a crucial measure to 
mitigate climate change (ECOWAS, 2022).

• The Intergovernmental Authority on Development (IGAD) in Eastern Africa has developed 
the IGAD Regional Climate Change Strategy and Action Plan (2023–2030), which identifies 
mainstreaming natural resource protection into mitigation actions and mitigation actions into 
nature conservation and land management, as key strategies (IGAD, 2023). 

• The Southern African Development Community (SADC) has developed a Regional Indicative 
Strategic Development Plan (RISDP) 2020–2030 which includes cross-cutting issues 
such as the environment and climate change as well as gender, youth, and Disaster Risk 
Management (SADC, 2020).

• Latin American Technical Cooperation Network on National Parks, other Protected Areas, 
Wild Flora and Fauna (Panorama Solutions for a Healthy Planet, 2025) is a unique network 
of protected area agencies that seeks to improve the management of national parks and 
other protected areas through technical cooperation and the exchange of knowledge and 
experience among its 19 member countries. One of the unique elements of REDPARQUES 
is that it has expanded recognition of the importance of protected areas in mitigation of and 
adaptation to climate change (Smith et al., 2019). 

• The Caribbean Community Climate Change Centre (CCCCC) coordinates the Caribbean 
region’s response to climate change and works on effective solutions. It provides climate 
change-related policy advice and guidelines to the Caribbean Community (CARICOM) 
Member States (Rosenberg, 2020).

• The Asian Pacific Region has several collaborative regional initiatives for protecting 
biodiversity across national borders, such as the Greater Mekong Sub-Region (Greater 
Mekong Subregion Secretariat, 2021), the Terai Arc Landscape in India and Nepal (WWF 
Nepal, 2021), the Heart of Borneo Initiative (WWF, 2007), the Sulu-Sulawesi Marine Areas 
and the Coral Triangle (Marine Conservation Institute, 2024). 

• North America has several regional initiatives including Canada, United States and 
Mexico that address technical and policy integration on biodiversity and climate change, 
among other issues (e.g. CEC, 2021). These include the Commission for Environmental 
Cooperation (CEC) and the Trilateral Committee for Wildlife and Ecosystem Conservation and 
Management (Stoett & Temby, 2015). 

• The Arctic Council is an intergovernmental forum that promotes cooperation in the Arctic. 
Through three of its working groups – Arctic Monitoring and Assessment Programme, 
Conservation of Arctic Flora and Fauna, and Protection of the Arctic Marine Environment 
– circumpolar assessments of climate change, pollution, biodiversity and the marine 
environment have successfully addressed policy across all eight Arctic States, although since 
its invasion of Ukraine in 2022, the Russian Federation has been excluded from this forum 
(Arctic Council, 2023).

Arctic tundra in Tombstone 
National Park, Yukon, Canada.  
© Jef Wodniack / iStock.com 
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2.5 Integrating Nationally 
Determined Contributions (NDCs) 
and National Biodiversity Strategies 
and Action Plans (NBSAPs)

Barren-ground caribou in the 
Arctic tundra, Canada. The 
Arctic tundra is a carbon-dense 
ecosystem with most of
its carbon reservoirs below-
ground. © Cowtown_Scribe /
iStock.com

The Paris Agreement calls on Parties to submit Nationally Determined Contributions (NDCs) 
which outline their actions to reduce their GHG emissions. Although under no legal obligation 
to achieve their NDCs, Parties are required to update their NDCs every five years, ratcheting 
up their ambitions. National Biodiversity Strategy and Actions Plans (NBSAPs) are the principal 
instruments for implementing the Convention on Biological Diversity at a national level. Parties 
are encouraged to revise or update their NBSAPs in alignment with the Kunming-Montreal 
Global Biodiversity Framework and its goals and targets (Convention on Biological Diversity, 
2022, December 18). 

Revising NBSAPs presents a significant opportunity to incorporate climate mitigation in national 
biodiversity targets related to PCAs. Strengthening coordination between countries’ NDCs and 
NBSAPs to include PCA and climate change mitigation targets respectively, will reinforce the 
importance and benefits of integrated national measures that favour climate and biodiversity 
ambitions. For example, through the Paris Agreement’s recognition of the role of protecting 
and conserving ecosystems in mitigating climate change and the inclusion of Nature-based 
Solutions in the Sharm el-Sheikh Implementation Plan (COP 27), a significant opportunity exists 
for PCAs and OECMs, including Indigenous lands, to be included as viable national measures 
for countries to help meet their mitigation targets. COP 28 presented further opportunities for 
integration by calling on governments to consider ecosystems, biodiversity and carbon stores 
when developing their NDCs due in 2025. 
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Similarly, the inclusion of Target 3 (related to protected areas) and Target 8 (related to climate 
change) in the GBF, provides additional opportunities for integration. This could be achieved 
by the identification of concrete actions in NBSAPs that recognise PCAs and OECMs as 
climate change mitigation measures and the identification of climate mitigation measures that 
enhance biodiversity conservation. Technical and financial support for the revision of NBSAPs 
can be provided through enhanced cooperation measures. In South Africa, for example, the 
Department of Forestry, Fisheries and the Environment (DFFE) developed and implements 
effective, knowledge-based climate and biodiversity measures that help deliver their 
Nationally Determined Contributions (NDCs) in the biodiversity sector through the Climate 
Support Programme (2022–2026) (GIZ, 2022). Integration of the biodiversity and climate 
change agendas, however, requires full consideration of the synergies and trade-offs between 
climate and biodiversity goals (Deprez et al., 2021). Trade-offs including conflicts between 
climate change mitigation and prioritised areas for biodiversity conservation have been 
summarised by Neugarten and colleagues (Neugarten et al., 2024) and Smith and colleagues 
(Smith et al., 2022). Most trade-offs can be addressed by careful attention to how projects 
are implemented and intentional reductions in impacts on biodiversity. Examples include:

• Preferred locations for large renewable energy and critical minerals development conflicting 
with high-biodiversity/carbon-dense natural areas;

• Suitable areas for economic development conflicting with habitats of special concern such as 
mangroves, forests, grasslands and savannas;

• Afforestation in ecologically sensitive areas that did not previously have forests;

• Areas identified for agricultural expansion conflicting with existing land uses that support 
grazing, access to nature and sediment and nitrogen retention;

• Replacement of biologically diverse forests with monoculture plantations in the interest of 
carbon sequestration;

• Large-scale use of bioenergy crops which would require exploiting vast areas of land for 
energy at the expense of biodiversity, ecosystem services and food production.

Climate mitigation actions that also have benefits for biodiversity have been summarised by 
Smith and colleagues (Smith et al., 2022) and include:

• protected areas and other biodiversity conservation measures;

• improved agriculture management for croplands, grazing, livestock;

• improved forest management including reduced deforestation, reforestation; 

• restoration and reduced conversion of coastal wetlands and peatlands.

Trade-offs and co-benefits can be maximised and understood at multiple scales, from local to 
international (Picourt et al., 2021). 

2.5.1 Strengthening multisectoral collaboration and 
stakeholder engagement
Strengthening multisectoral collaboration and stakeholder engagement will be essential for 
integrating NDCs’ and NBSAPs’ agendas. Multisectoral national development plans already 
exist in many countries, and many have integrated policies that include Natural Climate 
Solutions or Ecosystem-based Management to some degree. In most countries, the national 
development planning framework and decision-making cycles such as appropriation, budgeting 
and other economic planning activities are potential entry-points for mainstreaming climate 
change issues into protected areas and vice versa. Experience can be shared and numerous 
lessons can be learnt from the implementation of these policies to improve and enhance 
greater cooperation and joint policy implementation. Some examples of multi-stakeholder 
collaboration for integrating agendas are:

• In Central Asia the mainstreaming of Ecosystem-based Approaches (EbA) has been used 
as a cross-cutting approach into national, regional and local policies, with relevant targets 
built into the country’s Nationally Determined Contributions (NDC), Green Economy, National 
Adaptation Plan (NAP) and Regional Adaptation Plans (RAP) (Schumacher, P. et al. 2018). 

• Peru has further strengthened the EbA case at basin and landscape (regional) levels through 
existing regional climate change planning processes, aligned with development planning. 
Here, the government is mandated through the Regional Strategies for Climate Change along 
with Regional Development Plans and their guidelines, for the consideration of sub-national 
land use planning and the management of protected areas in the articulation of policies 
(Pramova, E., Di Gregorio, M., Locatelli, B., 2015).
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At a national level, there is a need for improved coordination and information sharing among the 
relevant actors within the country (Pham & Le Thi, 2019) and for a ‘whole of society’ and ‘whole 
of government’ approach to be taken for policy integration. Collaboration among government 
stakeholders to review existing and anticipated policy commitments and plans on biodiversity 
conservation and climate change mitigation is key (Kapos et al., 2022). 

Gender mainstreaming is an often-forgotten, but important element to achieving climate action 
targets for protected areas. Women, Indigenous people and other marginalised stakeholders 
are among the most vulnerable to climate change impacts and restricted from land use for 
areas under protection (Pörtner et al., 2021). Therefore, it is always good practice to have 
an inclusive planning process, ensuring that women, vulnerable communities, stakeholders 
and representatives of different levels of government, including Indigenous governments, are 
involved in the integration of climate change mitigation and protected areas policies (UNFCCC, 
2018). Ethical considerations and the perspectives of Indigenous and local communities are 
essential. It is necessary to engage other international groups including financial institutions, 
multilateral agencies and NGOs, in order to ensure their work programmes and agendas are 
aligned with integrated global policies and can therefore provide support to the relevant bodies 
for concrete on-the-ground action and policy integration at a national level. 

2.5.2 Incorporating Natural Climate Solutions and 
Ecosystem-based Management into national targets 
for biodiversity and climate change 
Natural Climate Solutions (NCS) are now considered an important pathway for climate action 
and in achieving the Paris Agreement. They are also identified as a measure that can increase 
biodiversity resilience (e.g. Target 8 GBF). As such, they provide a critical and relevant entry point
for the inclusion of PCAs and OECMs into climate mitigation policies (e.g. NDCs) and for climate 
mitigation action to be incorporated into the biodiversity agenda (e.g. NBSAPs) at all levels. NCS   
refer to actions that protect, manage or restore natural and modified ecosystems for reductions 
in GHG emissions and increased carbon storage and sequestration. NCS are an important 
avenue to climate change mitigation and have been estimated to provide around a quarter of 
the cost-effective CO2 mitigation needed by 2030 for a >66% chance of holding warming below 
the 2°C level set by the Paris Agreement (Griscom et al., 2017). Considered a simpler and more 
cost-effective strategy for climate mitigation than other potential solutions (Cheng et al., 2022), 
these may be a more appealing approach for resource limited countries (Griscom et al., 2017). In 
Madagascar for example, Natural Climate Solutions could potentially meet 90% of the country’s
mitigation potential (USAID, 2021) and Kenya has already included NCS components within its 
Low Emissions Climate Resilient Development (LECRD) project (Murphy et al., 2012).

More often than not, however, restoration, afforestation or reforestation are often prioritised over 
protection and improved management in climate mitigation strategies (Cook-Patton et al., 2021). A 
proposed Natural Climate Solutions hierarchy (Cook-Patton et al., 2021) suggests that protection, 
followed by improved management of PCAs for permanence, offers a cost-effective mitigation 
solution that typically provides many co-benefits and aligns with other global commitments to 
reduce land degradation and biodiversity loss. Restoring damaged ecosystems has an important 
role to play after undamaged ecosystems are protected (Cook-Patton et al., 2021). 

Proboscis monkeys in the 
Borneo rainforest, a carbon-
dense rainforest extending into 
Brunei Darussalam, Indonesia 
and Malaysia. © Dave Primov /
iStock.com
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Case Study 2.3

China’s national blue carbon accounting system  

Summarised from

(Liu, Failler, & Ramrattan, 2024)

China intends to use NbS as a tool towards meeting its 

NDC to the Paris Agreement. To support inclusion of 

carbon sequestered and stored as a result of protecting 

and restoring blue carbon ecosystems, China has been 

developing a national-scale systematic blue carbon 

accounting system for mangroves, salt marshes and 

seagrasses. The accounting system will be used to: i) 

support decision-makers in monitoring the nationwide 

blue carbon inventory; ii) support an analysis of 

investment availability and cost comparison of the three 

coastal blue carbon ecosystems; and iii) to compare 

carbon sequestration costs of mangroves and  

terrestrial forests. 

China is using the UN System of Ecosystem Accounting 

(SEEA) to formulate its blue carbon accounting 

mechanism. Detailed tables on the extent, annual 

carbon burial and sequestration rates, existing and lost 

carbon stocks, and other critical measurements are 

based on a National Blue Carbon Sink Research Report 

(2020), which is not publicly available. 

China’s work on accounting for blue carbon follows 

several policy commitments articulated in its updated 

NDC, including:

• Peaking CO
2
 emissions around 2030 or earlier;

• Lowering CO
2
 emissions per unit of GDP by 60–65% 

from the 2005 level;

• Increasing the share of non-fossil fuels in primary 

energy consumption to around 20%;

• Increasing forest stock volume by ~6 billion m3 from 

2005 levels;

• Increasing the total installed capacity of wind power 

and solar power generation to more than 1.2 billion 

kilowatts.

The results of baseline accounting for the period from 1 

January 2021 to 31 December 2021 show that China’s 

coastal blue carbon ecosystems are a net carbon source 

of 4.7 Tera-gram (Tg) CO
2
e (= 0.0047 Gt), with the 

greatest CO
2
e releases coming from salt marshes, 

mangroves and seagrass meadows, in that order. The 

release of CO
2
e from blue carbon is a result of reductions 

(=reclamations), disturbance and degradation of blue 

carbon ecosystems and can possibly be reversed 

through restoration and protection. 

Figure 2.2 The spatial distribution of blue carbon in the coastal 
wetlands of China. Source: (Meng et al., 2019). Reproduced 
with permission from Elsevier.
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2.6 National protected area network 
design and management
Protected areas are important natural instruments for climate change mitigation and can be 
recognised as key parts of any strategy developed by national and local governments to 
promote climate action (Mori et al., 2024). In order to include PCAs into climate mitigation 
policies, there is a need for a greater spatial understanding of priority areas for carbon storage 
and sequestration as well as biodiversity conservation benefits (Soto-Navarro et al., 2020) 
(see Chapter 6: Integrating hotspots for carbon density and biodiversity). For marine protected 
areas (MPAs) in particular, building on IPCC Guidelines for Coastal Marine Areas (Kennedy et 
al., 2014), which includes mangroves, salt marshes and seagrass meadows, it is important to 
include MPAs into NDCs (Rankovic et al., 2021; Sanderman et al., 2018). 

2.6.1 Prioritising strategic reserves for carbon and 
biodiversity
Current approaches to PCA creation do not provide for the selection of PCAs based on 
ecosystem services other than nature conservation and tourism. It would be a small and 
achievable step to add the protection of carbon-rich habitats for their role in storing and/or 
sequestering carbon to PCA priorities (de Lamo et al., 2020; European Commission, 2020; Jung 
et al., 2021; Soto-Navarro et al., 2020). In the past decade, several researchers have proposed 
the expansion of protected areas to include ‘climate stabilisation areas’ (CSAs) (Dinerstein et al., 
2019; Wilson & Hebda, 2008). The current global protected areas network contains more carbon 
resources than outside the network (Shi et al., 2020). Studies have shown that by prioritising 
areas for protection with dual benefits, almost 80% of the maximum climate change mitigation 
benefits can be achieved, while also delivering almost 95% of the maximum biodiversity 
benefits (de Lamo et al., 2020) (see Chapter 3 for carbon values of key ecosystems).

Some proponents of CSAs argue that they could be in addition to the 30% protected land, 
freshwater and oceans agreed to in the Kunming-Montreal Global Biodiversity Framework 
(Dinerstein et al., 2019; Dobrowski et al., 2021). Others suggest that CSAs could be incorporated
into the agreed target to protect 30% of land, freshwater and oceans by 2030. These new areas 
would focus on habitats that store vast reserves of carbon as well as ecosystems that are intact 
and remain stable to the impacts of climate change (Dobrowski et al., 2021) (see Chapter 3 for 
carbon values of key ecosystems).

2.6.2 Spatial mapping
Spatial approaches are used to identify key areas that contribute to both biodiversity and 
climate change objectives. Examples of spatial approaches are detailed in Chapter 6. 
Integrating hotspots for carbon density and biodiversity. It is important to note that prioritising 
ecosystems for their carbon mitigation potential cannot be at the expense of important and 
threatened key biodiversity areas with lower carbon potential. 

2.6.3 Zoning carbon-rich habitats for protection
Ecological buffer management zones around and within PCAs can also have enormous value 
for carbon storage by limiting land and resource use in and around the PCA. For example, 
protecting climate refugia (i.e. areas buffered from climate change), limits impacts on these 
important habitats (Ranius et al., 2023). Equally important is reducing land pressures and 
preventing land use change, around PCAs (Kapos et al., 2022).

2.6.4 Increasing connectivity of protected areas 
networks
Improving landscape connectivity is an important pursuit in PCA management for climate mitigation 
(Hilty et al., 2020; Ranius et al., 2023). Because vegetation carbon stock and soil organic carbon 
stock are not necessarily correlated with each other, they should be considered separately when 
incorporating both connectivity and carbon considerations (O’Brien et al., 2023). One approach 
to selecting areas of connectivity that also contain large amounts of carbon is to overlay carbon 
storage spatial data with ecological connectivity maps (derived without the consideration of carbon 
storage) and identify areas important for both climate mitigation and biodiversity conservation 
(O’Brien et al., 2023). In the tropics, carbon densities in ecological corridors have been found to 
be at similar levels to the protected areas they connect (Jantz, Goetz, & Laporte, 2014).

On land, the percentage of protected connected land has increased from 6.5% in 2010 to 
7.7% in 2018 (Saura et al., 2019), a relatively small increase considering the benefits that can 
be achieved through increased connectivity. Similar statistics are not available for MPAs. 
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2.6.5 Transboundary cooperation
Transboundary cooperation can improve outcomes for PCAs by: i) enhancing the ability of 
species to move across boundaries as they adapt to threats such as climate change; ii) improving 
PCA management through sharing resources and capacity; and iii) enhancing the overall 
effectiveness of PCAs through joint action. In addition, transboundary approaches support a 
common vision and can result in a coherent policy for a region. Transboundary cooperation is 
widespread. The Biosphere Reserve Program has effectively protected a transboundary area in 
Europe and another in Latin America. The Ancient and Primeval Beech Forests of the Carpathians 
and Other Regions of Europe, encompasses 18 European countries that have worked together 
to protect primeval forests (Various, 2025). In Latin America, the Trifinio Fraternidad Biosphere 
Reserve protects approximately 200 km2 of cloud forests across three countries – El Salvador, 
Guatemala and Honduras (Various, 2023). Box 2.2 highlights examples from Africa. 

Box 2.2

Examples of management actions to enhance climate change mitigation in 
transboundary protected areas in Africa

• Peace Parks and Trans-frontier Conservation Area (TFCA) initiatives have created a platform for identifying 

synergies and for promoting climate action across protected areas, with climate action measures usually identified 

in TFCA management plans (SADC, 2025). 

• A project to improve the management of a transboundary forest landscape in west Africa working with the 

Economic Community of West African States (ECOWAS), the Mano River Union, and the Abidjan Convention, 

showed that in 2020/2021 efforts to protect these transboundary forests reduced GHG emissions by over 8.7million 

Mt (USAID, 2021). 

Figure 2.3 Map showing trans-frontier conservation areas (TFCAs) in southern Africa. The red areas are existing TFCAs; the blue areas are 
proposed. © Peace Parks Foundation
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Case Study 2.4

Amazon Regional Protected Areas Program (ARPA): Large enough and key in 
conserving the Brazilian Amazon  

Submitted by

Cláudio Carrera Maretti, Mariana Napolitano Ferreira and 

Britaldo Soares-Filho. University of São Paulo (USP) 

Brasil, WWF-Brasil, UFMG

Name of PCA and location

Amazon Region Protected Areas Programme (ARPA)

IUCN governance type

Varied

The protected area

The Amazon Protected Areas Program (ARPA) was 

created in 2002 through an innovative collaboration 

between the federal government, state agencies, private 

institutions, and civil society. ARPA was implemented in 

three phases: the first phase, 2003–2009, established 23 

million hectares (230,000 km2) of conservation units; the 

second phase, 2010–2017, consolidated 95 conservation 

units, covering a total of 52.2 million ha (520,000 km2) of 

land; and the final phase introduced the Project Finance 

for Permanence (PFP) (see Chapter 8 on Finances) which 

facilitates the development of public policies and secures 

the long-term funding necessary to achieve specific 

conservation objectives. Currently protecting 62 million 

ha (620,000 km2), ARPA is the largest tropical forest 

conservation programme globally. The programme 

consists of 120 officially supported protected areas, 

governed by state and national agencies. The project 

now protects 20% of the Amazon rainforest, surpassing 

its initial goal (15% protected). Conservation in this area 

is critical to avoid the Amazonian tipping point, which 

would have major implications for biodiversity, climate 

change, and the societies that depend on it. 

The project

The group estimated the emissions reductions in the 

ARPA-supported conservation units between 2008 and 

2020. Carbon emissions were calculated based on the 

reduction in deforestation rates within protected and 

conserved areas (PCAs), using PRODES maps at a 30 m 

resolution. PRODES maps are Amazon-specific 

deforestation maps derived from Landsat imagery 

(Instituto Nacional de Pesquisas Espaciais (INPE), 2015). 

Due to the heterogeneous distribution of deforestation 

throughout the Amazon, the rate was individually 

estimated for each PCA, based on the deforestation 

inside and adjacent to the area. These deforestation rates 

were then paired with regional biomass estimates to 

determine local carbon emissions from deforestation. The 

resulting estimates were used to calculate avoided 

emissions by comparing emissions from deforestation in 

the absence of protection to the reductions observed 

within the PCAs. To determine emissions reductions 

across different PCA types, the group categorised the 

data into three categories: strict preservation areas, 

sustainable use reserves, and Indigenous lands.

Successes

The researchers found that with ARPA support, 

deforestation in strict preservation areas decreased by 

9%, and with additional financial support, deforestation 

was reduced by 30%. In sustainable use areas, ARPA 

support led to a 39% decrease in deforestation, and 

financial support resulted in a 49% reduction.

Emissions reductions in Indigenous lands amounted to 

396 ± 64 Mt CO
2
. Overall, protected areas in the Amazon 

were found to reduce deforestation by 21% (2.0 ± 0.3 

Mha/ 20,000 km2), thereby avoiding 622 ± 81 Mt CO
2
 

emissions. Of this total, protected areas with ARPA 

support accounted for the avoidance of deforestation in 

26,400 ± 25,000 ha (2,640 km²), corresponding to a 

reduction of 104 ± 10 Mt CO
2
.

Challenges

Effectively maintaining the wide-ranging network of PCAs 

in such a diverse region depends on securing large and 

reliable funding. This financial support must be 

complemented by robust public policies aimed at curbing 

illegal deforestation. A key component of these policies is 

the enforcement of environmental laws, ensuring that 

appropriate sanctions are imposed on offenders. 

Achieving this requires coordinated actions that involve all 

stakeholders, from local practitioners to national decision-

makers, with support from the international community.

Additional resources

(Ministério do Meio Ambiente, 2010) 

(WWF, 2015) 

(WWF, 2010) 

(WWF, 2017) 

(Rousseff et al., 2014) 

(Soares-Filho et al., 2010) 

(Soares-Filho et al., 2023)
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2.6.6 Recognition of Indigenous rights and title
Indigenous peoples manage or have tenure rights over approximately 38 million km2 across 87 
countries, and inhabit 40% of the world’s protected areas and ecologically intact landscapes 
(Fa et al., 2020; Garnett et al., 2018). Although deteriorating, nature is declining less rapidly 
in lands managed by Indigenous peoples (IPBES, 2019). One global study in tropical forests 
found that the highest forest integrity is in PCAs, followed by Indigenous lands, with areas 
outside protection having the lowest forest integrity (Sze et al., 2022). In addition, it is thought 
that Indigenous lands comprise most of the remaining carbon-dense intact landscapes (Artelle 
et al., 2019). As PCAs inevitably increase globally as a result of the GBF, it is imperative to 
incorporate safeguards that ensure that Indigenous communities who, as a result of their 
stewardship, have left the world with most of the remaining intact ecosystems, are not 
displaced or compromised. 

United Nations entities, including the CBD and UNFCCC, have recognised the United Nations 
Declaration on the Rights of Indigenous Peoples (UNDRIP). UNDRIP establishes rights over 
use and decision-making on Indigenous territories and requires their free, prior and informed 
consent for any state actions affecting their rights (United Nations, 2007). Recognition 
of the rights and title of Indigenous peoples, as well as respect for their knowledge, 
cultural practices and approaches to sustainability and decision-making, is fundamental 
to conservation, enhancing the role of natural systems in climate change mitigation and 
adaptation, and reconciliation. 

2.6.7 Incorporating ecological resilience into protected 
areas management
Ecosystem resilience is defined by IPCC, AR6, WGII “as the capacity of ecosystems to cope 
with a hazardous event or trend or disturbance, responding or reorganising in ways that 
maintain their essential function, identity and structure, as well as biodiversity …” (Pörtner et 
al., 2022). A good understanding is emerging about the importance of ecological resilience 
for reducing the impacts of climate change on PCAs and enhancing the ability of PCAs to 
contribute to GHG emissions reduction. This includes incorporating carbon dynamics and 
ecological functioning into PCA management. Some examples of actions that could be taken 
to increase resilience are:

• Ensuring there is a robust wildfire mitigation and response plan in place. 

• Increasing awareness that maintaining populations of large herbivores supports carbon 
storage as well as biodiversity and ecosystem functioning (Malhi et al., 2022). For example, 
the presence of elephants in Central African rainforests has been shown to increase above-
ground biomass by 26 to 60 tonnes per hectare. The extinction of forest elephants would 
reduce above-ground biomass by 7% (Berzaghi et al., 2019).

• Identifying key species, populations, or ecological communities that are important for 
maintaining ecological functions and processes.

2.6.8 Incorporating ecosystem integrity into protected 
areas management
Ecosystem integrity describes the ability of an ecosystem to achieve and maintain its 
optimum structure and function. A high level of ecosystem integrity means that an ecosystem 
is self-organising and self-regenerating. It does not require human management. To 
assess and improve ecosystem integrity in and around PCAs, three important ecosystem 
characteristics are measured: species composition; structure (i.e. vegetation density and 
biomass, complexity of food webs); and processes (i.e. nutrient cycling, carbon sequestration 
and storage, etc.). The three kinds of stability are also considered: resistance to external 
perturbations; the ability to recover following a disruption; and persistence over longer 
time-scales (Rogers et al., 2022). PCA management that seeks to include climate change 
mitigation should consider ecosystem integrity in and around PCAs.
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Case Study 2.5

Climate-focused forest management in the Whaelghinbran Conservation Forest, 
Wabanaki protected and restored forests, Canada  

Submitted by

Megan de Graaf, Community Forests International

Name and location of protected area

Whaelghinbran Protected Area, Wabanaki Protected and 

Restored Forests, Maritime Provinces, Canada

IUCN governance type

Private protected area

The protected area

As of early 2023, Community Forests International had 

protected over 2,000 ha (20 km2) of Wabanaki forest in 

the Maritime provinces of Canada. Some of these forests 

are co-governed by Community Forests International and 

the Mi’kmaq, Wolastoqey, and Peskotomuhkati Nations 

of the Wabanaki region. Community Forests is actively 

working to return these forests to the care of the First 

Nations. The conservation forests are managed for 

climate change resilience, then carbon sequestration and 

storage capacity, then other co-benefits such as 

biodiversity and other ecosystem services. Community 

Forests International has now become the region’s lead 

in the research, development and demonstration of both 

forest carbon offsets opportunities, and climate-focused 

forestry. This case study focuses on the Whaelghinbran 

protected area, a 230 ha (2.3 km2) property purchased by 

Community Forests International in 2012.

The project

Upon project implementation, Community Forests 

International inventories the forest, including the forest 

carbon. Biomass is measured using a sampling procedure 

developed in-house, based on Dr John Kershaw’s ‘big BAF’ 

method (Chen et al., 2019). Biomass from forest inventory 

results are then converted to elemental carbon using 

allometric equations (Lambert, Ung, & Raulier, 2005).  

In this manner, the Whaelghinbran forest was inventoried 

upon acquisition and calculated to be storing 12,060 

tonnes CO
2
e (above the regional baseline) at that time. The 

inventory information was then used to build climate-

focused management plans for each forest property, called 

Forest Healing Plans. These are increasingly completed 

in collaboration and consultation with local Indigenous 

Nations. Forest Healing Plans are used to direct strategic 

activities towards climate resilience and mitigation goals. 

These include: creating climate-focused forest management 

resources and tools for forestry professionals; training 

forestry professionals in implementing carbon methods and 

climate-smart management; and working with Indigenous 

Nations. The Whaelghinbran forest has undergone four 

climate-related forestry interventions in this time, with the 

goals of increasing the climate resilience, carbon storage 

capacity, and biodiversity habitats of the forest. 

Interventions have been accompanied by continuous 

active management of the forest. 

Successes

This group continuously monitors the success of their 

projects through tree species composition, growth, and 

carbon stocks, to understand the impact of improved forest 

management activities at the property level and across the 

totality of forests in their management. The Whaelghinbran 

forest was re-inventoried in 2017, and it was discovered 

that there have been 4,603 tonnes of CO
2
e sequestered 

since 2012. They have since also expanded the property 

to include an additional 153 ha (1.53 km2), which will be 

inventoried later in 2025. This property is the main 

demonstration site for climate-focused forest management 

in the province of New Brunswick.

Challenges

Some challenges with these projects have included: a 

limited perspective of conservation by provincial and 

federal governments, and correspondingly limited funding 

for forest protection and management for climate benefit; 

provincial and federal governments’ unwillingness to 

recognise underlying Indigenous land title, and respect 

treaties with those peoples; sluggish carbon offsets 

markets in the region; and limited contractor capacity for 

implementing climate-focused forestry.

Additional resources

(Community Forests International)
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2.7 Barriers to policy 
integration
Some of the barriers to integrating policies for protected 
areas across biodiversity and climate change include: (i) 
inadequate institutional coordination; (ii) knowledge gaps 
including data and storage; iii) inconsistent funding and 
interest from donors on implementation; (iv) resource and 
capacity constraints; and (v) lack of willingness to pursue 
mitigation (Shrestha & Dhakal, 2019). 

2.7.1 Institutional barriers
Institutional barriers are one of the biggest obstacles to 
meeting the multiple objectives of climate mitigation and 
biodiversity conservation in PCAs. These include a lack of 
coordination between government agencies and sectors, 
overlapping mandates and inconsistent policies, and 
contradictory legal arrangements across countries. For 
example, in a study in Nepal (Shrestha & Dhakal, 2019), 
inadequate institutional coordination was considered the 
largest barrier to simultaneously addressing the goals of 
climate change mitigation and biodiversity conservation. 
Likewise, institutional capacity has been identified as the 
largest barrier to an increase in participating in climate change 
mitigation programmes, such as Low-Carbon Development 
Plans (LCDPs) in Africa (Adenle, Manning, & Arbiol, 2017). 

Wamsler and colleagues (Wamsler et al., 2020) identified 
the lack of an institutional and regulatory framework, which 
leads to creative but localised and in some cases unscalable 
solutions, as a key barrier to incorporating Nature-based 
Solutions into policies. For example, endangered species 
legislation usually focuses on maintaining historical species’ 
ranges. For the identification of new PCAs, a focus on 
projected future ranges, the irreplaceability of some 
ecosystems and the future climate would be useful (Pettorelli 
et al., 2021; Ranius et al., 2023).

There are also structural impediments that make climate 
mitigation in PCAs difficult to achieve through international 
frameworks. On the international scale, biodiversity and 
climate change mitigation are currently primarily determined 
by the CBD and UNFCCC, respectively, that function under 
different levels of resources and political leverage (Pettorelli 
et al., 2021). Officially recognising the synergies between 
biodiversity and climate change, beyond statements and 
voluntary actions, has been resisted by Parties to the CBD 
and the UNFCCC. 

A Liaison Group of Biodiversity-related Conventions 
was established in 2004, composed of the heads of the 
secretariats of the eight biodiversity-related conventions: 
CBD; Convention on International Trade in Endangered 
Species of Wild Flora and Fauna (CITES); Convention on the 
Conservation of Migratory Species of Wild Animals (CMS); 
Ramsar Convention on Wetlands (Ramsar), Convention 
Concerning the Protection of the World Cultural and Natural 
Heritage (WHC); International Treaty on Plant Genetic 
Resources for Food and Agriculture (ITPGRFA); International 
Plant Protection Convention (IPPC); International Whaling 
Commission (IWC) (Rogalla von Bieberstein et al., 2019). 

Salt marshes are important for the 
carbon stored in their sediments 
and the feeding grounds they 
provide for many species, such 
as these Common Egrets.  
© arnau2098 / iStock.com

Carbon-dense boreal forest in 
Finland. © Ruzdi Ekenheim / 
iStock.com
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2.7.2 Technical barriers
Technical challenges such as the lack of data and standard methodologies, incomplete 
knowledge and insufficient capacity can also be a deterrent to decision-makers to integrate 
the biodiversity and climate change agendas. Influential groups with vested interests can often 
outweigh community perspectives (Wamsler et al., 2020). Processes related to PCA creation 
and management are increasingly focused on stakeholder engagement, which requires 
particular skills in relational approaches that some participants and staff might lack. Closing 
these knowledge gaps, harmonising indicators and methods, and sharing such information with 
stakeholders can help to inform policy, both with respect to existing commitments as well as in 
response to the GBF and revised national ambitions under the UNFCCC.

Mitigation policies and targets identified under UNFCCC are typically expressed in terms 
of emissions and fluxes (see Chapter 4 on Methodology for quantifying carbon sinks and 
stores) rather than stocks. However, one important role of PCAs in climate change mitigation 
is the avoided emissions from the protection of carbon stocks. As standardised methods 
are developed to estimate potential emission reductions from conserving carbon stocks, it 
will become easier to quantify the role of PCAs in climate change mitigation (de Lamo et al., 
2020). Further, although oceans have now been integrated into the areas of work under the 
UNFCCC, and MPAs are considered an ocean-based climate solution, the extent to which 
MPAs can protect carbon pools and enhance carbon sequestration is an area of active 
research with many knowledge gaps. 

2.7.3 Financial barriers
There is “substantial and chronic underfunding” of biodiversity conservation globally, 
estimated to be USD 700 billion (Gonon, Svartzman, & Althouse, 2024). The new Global 
Biodiversity Framework Fund, agreed to at CBD COP15 and set up by the Global 
Environment Facility in August 2023, is intended to alleviate some of the underfunding 
problem for biodiversity (Global Environment Facility, 2023). At COP15, countries committed 
USD 20 billion per year by 2025, and USD 30 billion per year by 2030 to the fund. The 
Global Biodiversity Framework Fund will provide resources for implementation of the GBF, 
which will include funding for stakeholder engagement (Wamsler et al., 2020) and integrating 
protected areas into climate change mitigation and adaptation (Pettorelli et al., 2021). It is, 
however, important to point out that as of 2 November 2024, post CBD COP16, all new plus 
existing funds totalled only 3.5% of the international target (Buckley, 2025). PCAs are mostly 
understaffed and underfunded, often preventing effective enforcement. Chapter 8 Financing 
protected areas for climate change mitigation, addresses some of the issues related to 
funding PCAs with carbon offsets. 

2.8 Conclusion
There is clear scope to better recognise the role PCAs can play in climate change mitigation. 
Timely opportunities exist (e.g. NDC and NBSAP revisions) to scale up the role of PCAs in 
climate mitigation policies and in turn scale up climate change mitigation measures in PCA 
design and management. Despite current barriers, as more research occurs and knowledge 
is shared about the interconnectedness between PCAs and climate change mitigation, these 
challenges will be overcome. The integration of policies should not fall on the shoulders of 
one side only; both PCA authorities and climate change actors need to work together and in 
parallel if the benefits of PCAs and climate change mitigation are to be fully realised.
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3.1 Chapter highlights
 ✔ Not all ecosystems are equal in their ability to sequester and/or store carbon. Forests, 

grasslands/savannas and peatlands are the most important terrestrial ecosystems for 
sequestering CO2 from the atmosphere on an annual basis. Forests (tropical, boreal and 
temperate), peatlands, grasslands and coastal blue carbon ecosystems are the most 
important for storing carbon, although forests tend to dominate because of the vast area 
they cover globally.

 ✔ An assessment of the climate change mitigation potential of a particular area, be it on land 
or in the coastal marine area, must consider both below and above-ground carbon. Some 
of the most important ecosystems for climate change mitigation have most of their carbon 
stored below ground (e.g. boreal forests and mangroves). 

 ✔ Preventing natural ecosystems from releasing their stored carbon, and conserving the long-
term ability of ecosystems to sequester carbon from the atmosphere, is at the core value of 
PCAs for climate change mitigation. This is often referred to as avoided emissions.

 ✔ Efforts are underway to understand where the places are with the highest potential for 
climate change mitigation and biodiversity conservation. Greater focus on overlaying 
biodiversity hotspots with carbon-density is needed. 

3.2 Introduction 
“Climate change mitigation refers to actions or activities that limit emissions of GHGs from 
entering the atmosphere and/or reduce their levels in the atmosphere” (IPCC, 2022). 

There are two ways in which protected areas can mitigate climate change: i) by protecting 
carbon stores so that they are not subsequently released into the atmosphere, often referred 
to as avoided emissions; ii) by protecting the ability of ecosystems to sequester carbon dioxide 
from the atmosphere. Some ecosystems are known to sequester and store vast amounts 
of carbon; others do not. A caveat here is that while particular ecosystems may seem less 
important for climate change mitigation, on a global scale, they may be important on a 
regional or national scale. Consideration of climate change mitigation in PCA identification and 
management needs to identify the most relevant ecosystems for climate change mitigation and 
then match them with biodiversity hotspots (see also Chapter 6). Sometimes a PCA created for 
species conservation can have unexpected benefits for climate change (i.e. case study 5.1 on 
Climate co-benefits of tiger conservation, Sariska Tiger Reserve, India, Chapter 5).

Olympic National Park, USA. 
Example of a carbon-dense 
temperate rainforest. © Scott_
Walton / iStock.com
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3.3 Key ecosystems for climate 
change mitigation
First, it is important to emphasise that prioritising protection of relatively intact and pristine areas 
is the most effective way to preserve carbon and biodiversity. While restoration is important, it 
is a common misconception that restoration can replace the loss of natural systems (Mori & 
Isbell, 2023). The most important ecosystems for sequestering CO2 from the atmosphere are 
summarised in Figure 3.1. The most important ecosystems for storing carbon are summarised 
in Figure 3.2. The global distribution of stored carbon in terrestrial ecosystems is found in Figure 
3.3. A similar map for global distribution of stored carbon in marine and coastal systems is not 
available. It is important to note that some ecosystems, and particularly coastal blue carbon 
ecosystems (CBCE) have a higher density of stored carbon, measured as kgC/m2. However, 
because of their limited distribution across the globe, they do not have the same global impact 
as more extensive terrestrial ecosystems. On a national or more local scale CBCE may be the 
most important.

Figure 3.1 The estimated values 
of carbon sequestration for 
different ecosystems. Derived by 
Risa B. Smith from Taillardat and 
colleagues (Taillardat, Friess, & 
Lupascu, 2018)
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Figure 3.2 Estimates of global 
carbon storage in selected 
ecosystems. Sources for 
estimates are: Coastal blue 
carbon (mangroves, salt 
marshes and seagrass beds) 
(Macreadie et al., 2021); 
Grasslands (Lorenz & Lal, 2018); 
Peatlands (Strack et al., 2022); 
Forests (Woods Hole Climate 
Research Center et al., 2020)                
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Figure 3.3 Terrestrial above and below-ground vegetation biomass carbon and soil organic carbon density 
to 1 m depth. Range of carbon density (CD) is 0–4,011 tonnes/ha. Dark brown indicates high carbon-
density, lighter colours indicate low carbon-density. Source: (Soto-Navarro et al., 2020). Reproduced with 
permission of Royal Society (UK).

Ecosystems
Percentage 
protected

Source

Global forests 21% (WRI, 2024)

Global intact landscapes 46% (WRI, 2024)

Tropical primary forests 39.0% (WRI, 2024)

Boreal forests 2.8%
(Morales-Hidalgo, Oswalt, & 
Somanathan, 2015)

Temperate forests 11%
(Morales-Hidalgo, Oswalt, & 
Somanathan, 2015)

Global peatlands 19% (UNEP, 2022)

Tropical peatlands unknown

Arctic peatlands 20.2% (CAFF & PAME, 2017)

Temperate and boreal peatlands ~20% (UNEP, 2022)

Global grasslands unknown

Native temperate grasslands 4.6% (Carbutt, Henwood, & Gilfedder, 2017)

Savannas unknown

National waters (EEZ) (as a proxy 
for coastal blue carbon)

19% 
(World Database on Protected Areas 
(WDPA), 2025)

Marine sediment 2% (Atwood et al., 2020)

CD

high

low

Table 3.1 Comparison of 
percentage protected for 
ecosystems with high carbon 
density. The percentage 
protected is likely higher for 
ecosystems for which the only 
available analysis was more than 
eight years ago.
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3.3.1 Terrestrial ecosystems

3.3.1.1 Forests
On a global level, forests sequester (see Figure 3.1) and store (see Figure 3.2) more carbon 
than other ecosystems. In spite of significant losses of CO2 to the atmosphere from 
deforestation and forest degradation, global forests were still a net carbon sink of ~7.6 Gt CO2e 
between 2001 and 2019 (Harris et al., 2021). While all forests are important for climate change 
mitigation, not all forests are equal in terms of the amount of CO2 they sequester each year and 
the amount of carbon that they store above- and below-ground.  

Primary forests

Primary forests are defined as “naturally regenerated forests of native species, where there are 
no clearly visible indicators of human activities and the ecological processes are not significantly 
disturbed” (cited in Morales-Hidalgo, Oswalt, & Somanathan, 2015). They are disproportionately 
important for climate change mitigation because they:

• are exceptionally carbon dense;

• represent a globally significant carbon stock;

• are more resistant to natural disturbance (i.e. more stable) than plantation forests or other 
forms of degraded forests;

• have carbon stocks that are irrecoverable within a meaningful timeframe to prevent 
catastrophic climate change;

• have a high ecosystem integrity, allowing them to persist over the very long term. 

(adapted from Kormos et al., 2023).

Figure 3.4 Distribution of global 
forest area by climatic domain 
(United Nations World Map, 
2020) and percentage of forests 
protected by region (circles). By 
2020, the latest year for which 
a full analysis was done, 18% 
of global forests were legally 
protected. However, it ranged 
from more than 30% in tropical 
rainforest, subtropical dry forest 
and temperate oceanic forests, 
to less than 10% in subtropical 
humid forests, temperate 
steppe and boreal coniferous 
forest. Map showing distribution 
of forest types. Reproduced 
with permission (FAO, 2020). 
Percentage protected derived 
from (FAO & UNEP, 2020).
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Figure 3.5 Primary forest area 
by forest type. Derived from 
(Morales-Hidalgo, Oswalt, & 
Somanathan, 2015)
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Large trees in the Styx Tall Trees 
Conservation Area, Tasmania. 
Temperate forests, like this, 
are extremely carbon-dense 
compared to other forests. 
© Alec Marr 

Tropical forests

Worldwide, tropical forests store approximately 471 Gt carbon, above and below ground, 
greater than all carbon emissions from fossil fuels since 1750. Although it is estimated that 
39% of primary tropical forests are in protected areas (WRI, 2022), significant forest area within 
protected areas is lost, sometimes due to natural disturbances such as wildfires, but often due 
to logging within protected areas (WRI, 2022). 

Boreal forests

Boreal forests cover ~30% of the global forest area, contain an estimated 32% of global 
terrestrial carbon stocks, sequester ~20% of the total carbon sink of the world’s forests, contain 
more surface freshwater than any other biome, and contain large tracts of intact, unmanaged 
forests (Gauthier et al., 2015). Recent increases in the length of the wildfire season, and extent 
and intensity of wildfires in the boreal have been attributed to climate change (Veraverbeke et 
al., 2017). Increasing investments in controlling boreal wildfires is a cost-effective strategy to 
mitigate the GHG emissions from forest fires that could be pursued by PCA managers (Phillips 
et al., 2022). However, just over half of boreal tree cover loss in Canada and 66.5% in Russia 
is attributed to wildfires, while the rest is attributed to forestry (WRI, 2022). Approximately 2.8% 
of the world’s boreal forest is estimated to be formally protected as of 2015 (Morales-Hidalgo 
et al. 2015), indicating that the protection of boreal forests provides opportunities for climate 
change mitigation through the creation of new protected areas. 

Temperate forests

Globally, temperate forests store about 119 Gt of carbon in their above and below-ground 
biomass and soils. Temperate forests cover about one-third of their original extent. Big old 
trees in temperate forests can tower >100 m and live for over a thousand years, continually 
accumulating and storing carbon. The carbon in primary (or old-growth) temperate forests 
is irreplaceable within a timeframe essential for climate change mitigation, indicating an 
opportunity for increased protection. This includes the coastal temperate rainforests from 
northern California to southeast Alaska, Mountain ash forests of Australia and Kauri forests of 
New Zealand. As well, primary temperate rainforests are more resistant to drought and fire than 
plantation forests (Law et al., 2018; Woods Hole Climate Research Center et al., 2020). 
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Case Study 3.1

The capacity of the Dja Wildlife Reserve, Cameroon, to store carbon  

Submitted by 

Roger Bruno Tabue Mbobda, Dja Wildlife Reserve, 

Cameroon

Name of PCA and location

Dja Wildlife Reserve, South-East Region, Cameroon

IUCN governance type

Government

The protected area

Considered one of the largest and most well-conserved 

protected rainforests in the world, the Dja Wildlife 

Reserve stretches from the southern part of the southern 

region of Cameroon to its eastern region, covering 

526,000 ha (5,260 km2). The Dja river borders three-

quarters of the reserve, creating a natural barrier and 

protecting the 50–60 metre-high trees within. Although 

the PCA was created with the purpose of biodiversity 

conservation, direct climatic impacts on the reserve have 

caused managers and decision-makers to integrate 

climate change adaptation and mitigation into 

management priorities. Climatic impacts include 

prolonged droughts resulting in the desiccation of small 

rivers, alterations in the spatial distribution of faunal 

species and changes in the phenological patterns of 

certain plant species.

The project

The research team employed Landsat imagery to classify 

extensive vegetative cover types, which were 

subsequently validated through fieldwork. Using the 

transect method, data were collected on trees with a 

diameter at breast height (DBH) greater than 10 cm, 

defined as the measurement taken at 1.30 m above the 

ground. Each sampled tree was identified at the species 

level, and DBH measurements were recorded, along with 

additional measurements taken 30 cm above the 

buttresses when applicable. DBH measurements were 

converted to biomass using equations specifically 

developed for the study area. The biomass of tree roots 

was estimated by multiplying the above-ground biomass 

measurements by a factor of 0.24, as per Mokany and 

colleagues (Mokany et al., 2016). Litter samples were 

collected from 1 m² plots, while grass samples were 

sampled from 0.5 m² plots every 1,250 m along the 

transect. These samples were subsequently dried in a 

laboratory and weighed.

Roots were extracted from 20 cm² plots every 1,250 m 

along the transect and were separated from the soil using 

water. The dried roots were then weighed to determine 

dry biomass. Utilising these data and established 

methodologies from the literature, the team then 

assessed the carbon stocks and carbon sequestration 

potential in the area (Chave et al., 2014; Mokany, Raison, 

& Prokushkin, 2006; Zapfack et al., 2013).

Successes

The Dja Wildlife Reserve stored an average of 210 tC/ha 

across 270 tree species. Notably, the most abundant 

individual trees were found in the lower diameter classes, 

indicating a favourable potential for regeneration within 

the population. Specifically, 82.8% of individuals were 

recorded in the 10–40 cm diameter class. The research 

team anticipates that the findings of this study will 

facilitate securing carbon markets in the future.

Challenges

Funding and the acquisition of satellite images for the 

stratification of the forest were the greatest project 

challenges. The intention was to use high-resolution 

SPOT images (from the French ‘Satellite pour 

l’Observation de la Terre’), however the images were 

unavailable. Landsat images with a low resolution (30 m) 

above the ground were used in their place.

Additional resources

(Mbobda et al., 2018)
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high impact

low impact

Figure 3.6 Hotspots of global human impact on peatlands. High impact areas are heavily influenced by 
humans and low impact areas are lightly influenced by humans. Source: Figure 2.9 in (UNEP, 2022)
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3.3.1.2 Peatlands
While peatlands are relatively rare, covering 1.85 to 4.3 million km2, or ~2.84% of the world land 
area (Ribeiro et al., 2021; Xu et al., 2018), they play a disproportionately crucial role in global 
carbon dynamics as they store an estimated 450 to 650 Gt of carbon (UNEP, 2022) or 30–40% 
of the global soil carbon (UNEP, 2022). Since the 1960s global peatlands have turned from 
a net sink into a net source of soil-derived GHGs (Leifeld, Wüst-Galley, & Page, 2019). Only 
about 19% of these invaluable peatlands are within protected areas, emphasising the need for 
intensified conservation efforts. UNEP recommends that 88% of the remaining global peatlands 
that are not degraded should be protected to avoid their carbon stores being released into the 
atmosphere (UNEP, 2022).
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Tropical peatlands

From 1850 to 2015, 24.7 million ha of natural tropical peatlands have been lost (Leifeld, Wüst-
Galley, & Page, 2019). According to UNEP, conservation and restoration of tropical peatlands 
could reduce global GHG emissions by 800 Mt CO2e (close to 2% of current annual global 
emissions), although there is considerable variation in estimates of the extent and carbon stores 
in tropical peatlands. The largest tropical peatlands, by area, are in Southeast Asia (~240,000 
km2), Africa (~187,062 km2), South America (~485,832 km2) (Xu et al., 2018). Tropical peatlands 
are estimated to store 152–288 GtC, equivalent to burning fossil fuels at a rate of 10 GtC per 
year for the next 15–30 years (Ribeiro et al., 2021). Under certain natural conditions, as well as 
anthropogenic influences, tropical peatlands can act as major sources of GHG emissions such 
as carbon dioxide (CO2) and methane (CH4) although they are currently believed to be a net sink 
of CO2. The impacts of climate change on tropical peatlands, such as drying and increased fire 
severity and extent are contributing to the loss of tropical peatlands (Schmidt et al., 2024). In 
the Congo basin, possibly the largest tropical peatland complex in the world, only 11% of the 
peatlands are located within nationally recognised protected areas (Dargie et al., 2018). 

Peatland forests of the Congo 
Basin are the largest continuous 
complex of tropical peatlands 
in the world. This photo is from 
Odzala-Kokoua National Park, 
Republic of Congo (or Congo-
Brazzaville). © Roger del la 
Harpe / iStock.com

Figure 3.7 Global distribution of 
peatlands. The global distribution 
of peatland area is: 38.4% Asia; 
31.6% North America; 12.5% 
Europe; 11.5% South America; 
4.4% Africa; 1.6% Australasia 
and Oceania. This represents 
0.6% to 5.4% of the land area of 
each continent. Derived from Xu 
and colleagues (Xu et al., 2018) 
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Carbon-dense peatlands in
Canada’s Arctic. © Pi-Lens /
Shutterstock.com

Arctic peatlands

The Arctic, although not necessarily under imminent threat from development, is under threat from 
climate change and provides habitat for millions of migratory birds and large migratory mammals, 
both on land and in the ocean (Mitchell et al., 2021; Soto-Navarro et al., 2020). While the global 
estimate for above-ground carbon in peatlands is low (~3.17 Gt C), soil organic carbon stored 
in Arctic permafrost soils is substantial (1,460 to 1,600 Gt by some estimates). As a result of 
climate change ice-rich permafrost is thawing, resulting in the release of its stored carbon (Schuur 
et al., 2021). The process of permafrost warming, and the subsequent release of GHGs, can be 
amplified by land-use decisions, natural resource extraction (Jorgenson et al., 2010; Raynolds 
et al., 2020), and observed increases in tundra wildfires in some areas (Moon, Druckenmiller, & 
Thoman, 2024). While enhancing protection of permafrost soils in the circumpolar Arctic cannot 
stop the warming caused by climate change, it can eliminate impacts of development. Arctic 
tundra, where most of the permafrost is found, has been transformed from a carbon sink to 
a carbon source, although there are regional differences that are important to consider when 
assessing the carbon dynamics in a particular area (Moon, Druckenmiller, & Thoman, 2024). In 
2016, 20.2% of the terrestrial area in the circumpolar Arctic was protected (CAFF & PAME, 2017).

Temperate and boreal peatlands

Temperate and boreal peatlands have been systematically drained for agriculture, forestry 
and peat extraction, particularly in Europe and East Asia (See Figure 3.6). Between 1850 
and 2015, 26.7 million ha of natural temperate and boreal peatlands have been converted 
(Leifeld, Wüst-Galley, & Page, 2019). North America peatlands cover ~158 million ha: less than 
2% of peatlands have been degraded but less than 20% are in protected areas. In Europe, 
almost 50% of temperate peatlands have been degraded. As a result, Europe is the second 
largest emitter of GHGs from drained peatlands at close to 600 Mt CO2e per year, and the 
highest historical emitter in cumulative terms. Approximately 20% of Europe’s peatlands are in 
protected areas. Large-scale restoration programmes for European temperate peatlands might 
reverse some of the ecosystem and carbon losses (UNEP, 2022). However, recent studies have 
demonstrated the complexity of recovering lost carbon through peatland restoration. Although 
rewetting can result in a decrease in CO2 emissions from degraded peatlands, it can also result 
in an increase in CH4 emissions (Darusman et al., 2023; Escobar, Belyazid, & Manzoni, 2022), 
leading to the conclusion that protection of existing temperate peatlands is a high priority for 
retaining the climate change mitigation benefits of temperate peatlands (UNEP, 2022).


