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Policy Summary

Peatlands are ecosystems with a unique type of peat soil formed from plant material that has only
partially decomposed due to water saturated soil conditions (and in polar areas also due to the cold).
While they are relatively rare, covering around 3-4% of the planet's land surface, they contain up to one
third of the world’s soil carbon. This is twice the amount of carbon as found in the entirety of Earth’s
forest biomass. Keeping this carbon locked away is absolutely critical to achieving global climate goals.

The Global Peatlands Assessment is the most comprehensive assessment of peatlands to date.

It has been created by a group of 226 contributors from all regions of the world to provide a better
understanding of what peatlands are, where they are found, what condition they are in, and how
actions can be taken to protect, restore and sustainably manage them. It also provides a valuable
baseline for improvement against future assessments and paves the way for the development of a
comprehensive global peatland inventory. It was created using expert-based reviews with new data
on the extent and state of the world’s peatlands and clearly reveals regions where information on
peatlands is particularly scarce so follow up work can be conducted to fill these data gaps.

A major focus of this assessment is on how better peatland management can be deployed as a
nature-based solution to halt biodiversity loss, support climate change adaptation, support climate
change resilience, mitigate further climate change and support the wellbeing of communities living
in these landscapes. It has been written to help decision-makers advance sustainable peatland
management and encourage urgent action for their conservation and restoration.

Although the carbon value itself of peatlands is immense, with total carbon stored in them globally
estimated to be in the range of 450,000 to 650,000 megatons [Mt], this assessment considers the
wider extent and condition of peatlands as it is their overall health that governs their effectiveness.

Beyond the vast quantities of carbon that they slowly sequester and store, peatlands provide a range
of valuable additional benefits and services to humanity. They play a critical role in the water cycle by
storing and filtering water, slowing peak flows and reducing the impact of floods. They are home to
unique plants and animals that millions of people depend upon. These special wetlands also often
contain important archaeological relics and include information on past environmental conditions
within their peat layers that are valuable for predicting what climate will be like in the future.

Peatlands are more extensive than previously estimated. This assessment reveals that they cover
about 500 million hectares globally and are found across all continents. Peatlands are being degraded
in every part of the world. They are drained for agriculture and forestry, eroded by overgrazing of
livestock, mined for fuel and horticulture, and polluted by human activity. Infrastructure development
disturbs their hydrology and many are deliberately burned. These activities drive peatlands to release
carbon and abruptly terminate the other benefits that they grant to people and wildlife. Degraded
peatlands currently emit about 2,000 Mt of carbon dioxide equivalent [CO €] of greenhouse gases

by microbial oxidation, which is 4 % of all anthropogenic emissions, fires excluded. Fires on drained
peatlands are particularly serious as they can lead to very substantial emissions of greenhouse gases.



This situation is being made worse by climate change as higher temperatures and unpredictable
rainfall patterns render peatlands drier and more vulnerable to fires that release more greenhouse
gases, warm the climate further and create a dangerous feedback loop.

The situation is critical but not hopeless. It is imperative that the 88% of the world’s peatlands that
have not been drained and not been heavily degraded be urgently protected to prevent their immense
carbon stocks from being mobilized. This combined with early action to halt further degradation
through restoring drained peatlands can achieve rapid carbon emission avoidance and reductions.

If implemented with urgency, the protection, restoration and sustainable management of peatlands
offers a huge win for people, climate and nature. Conservation and restoration of tropical peatlands
alone can reduce global greenhouse gas emissions by 800 Mt CO,e per year (close to 2% of current
annual global emissions) at an estimated investment of just $40 billion US Dollars. Such action would
simultaneously support biodiversity, improve water quality, reduce flood risk, reduce air pollution from
peatland fires and enhance the protection of important cultural heritage. The benefits are enormous.

Efforts to conserve and restore peatlands have met with limited success. For example, while 88% of
all countries are signatories to the Convention on Wetlands of International Importance especially as
Waterfowl Habitat (Convention on Wetlands), many have not yet developed national peatland policies
or plans. Typical challenges include incomplete information on the characteristics, location, extent
and condition of peatlands peatlands coupled by a lack of awareness, policies and resources. This
assessment aims to provide governments, other decision-makers and peatland managers with this
vital information.

Protecting, restoring and sustainably managing peatlands goes far beyond meeting commitments
made under the Convention on Wetlands. Taking these actions will also contribute towards targets
adopted under a number of other multilateral environmental agreements. The critical role of peatlands
in addressing climate change and biodiversity loss has been recognized in resolutions from the
United Nations Environment Assembly, the International Union for the Conservation of Nature and
the Convention on Biological Diversity. Nature-based solutions from the sustainable management of
peatlands can be included in Nationally Determined Contributions and Long-Term Strategies under
the Paris Agreement. They can address biodiversity targets under the UN Convention on Biological
Diversity. They support connectivity for migratory species under the Convention on Migratory Species
and contribute towards land degradation neutrality targets under the UN Convention to Combat
Desertification. Protection and restoration of peatland helps safeguard the human right to a clean,
healthy and sustainable environment (A/RES/76/300) and can help move towards reconciliation with
Indigenous Peoples and Local Communities who have lived in harmony with peatlands for thousands
of years.



Key Recommendations

This assessment calls for the following actions to be taken by governments and other
interested or affected parties as they develop and implement national peatlands policies,
strategies and action plans:

Develop and maintain data systems on peatland extent, condition and uses, to inform
policy planning and regulations. National Wetland Inventories prepared by parties to
the Convention on Wetlands are a good starting point for such systems.

Expand protected area systems to include peatlands using evidence on the location
and conservation status of peatlands provided in this assessment.

Place buffer zones around peatlands so that encroaching threats can be averted in
collaboration with local communities before they result in damage.

Strengthen regulations to prevent or halt harmful operations like peatland drainage for
agriculture and forestry, and inadvertent loss of peatlands for other uses (like minerals,
oil and peat extraction).

Initiate medium-term plans for phasing-out harmful operations that are already taking
place and establish licenses that require more sustainable practices and peatland
restoration obligations for the transition period.

Form fair, transparent gender-responsive governance systems that cross sectors
and empower stewardship by Indigenous Peoples and Local Communities through
devolved decision-making such as indigenous co-management and community-led
conservation.

Create subsidies and fiscal mechanisms that incentivize practices that support the
protection, restoration and sustainable management of peatlands.

Eliminate perverse incentives and disincentivize activities that are driving peatland
degradation and conversion.

Use blended finance to combine public and private sector funding to scale-up the
conservation, restoration and sustainable management of peatlands. Carbon and
other ecosystem market mechanisms as well as a range of green finance instruments
have the potential to provide returns to investors and benefits to local populations if
proper safeguards are in place.

Establish robust monitoring frameworks to ensure action for peatland conservation,
restoration and sustainable management is tracked. It must then be reported on in
line with national and international reporting obligations and used to inform future
management.

Support collaboration and engage in international networks and initiatives that work to
advance inter-sectoral decision-making and interdisciplinary research on peatlands.



Summary on the State of Peatlands Globally

What we know

Global peatlands are estimated to cover close to 500 million hectares in this assessment. This is more
than the land size proposed in previous assessments and may still thought to be an underestimate.
Like in earlier assessments, the global mapping does not reach full consistency. This is mainly
because of the diversity amongst peatland definitions in use in different parts of the world and a lack
of a uniform indicator of the presence of peat. Global mapping and statistics rely on the compilation of
(sub)national data with different, often historically determined, definitions of peatland. The assessment
has therefore mainly used the peatland definitions contained within the original studies.

In this respect it is good to be aware that conventional peatland definitions were mainly informed by
agricultural considerations (e.g., plow depth), leading to common thresholds of 20 - 50 cm of peat
depth. Inclusion of climate concerns would, because of the enormous carbon density of peat, lead
to more shallow thresholds (e.g. 10 cm), which would significantly increase the area of peatland
regionally and globally. For example, if using a =30 cm threshold, Russia’s peatlands extend over 139
million hectares but, if using a =10 cm threshold, the country has over 368 million hectares i.e., 2.6
times more. Because of lack of global data, the Global Peatland Map 2.0 produced for the GPA (below)
reflects mainly a 30 -40 cm threshold, although a shallower threshold might be more appropriate

in order to account for peatlands' contribution to climate. This issue could be further addressed in
future updates of the assessment. More work is also needed to identify peatlands that still remain
undetected.

Thanks to an unprecedented international data gathering effort, the Global Peatland Map 2.0 is the
most comprehensive peatlands map ever created. It is a tool for decision-makers to help them identify
priority areas for conservation, restoration and sustainable management. Created from data collected
from peer-reviewed publications and national agencies complemented by remote sensing work, the
new map largely overcomes key gaps in previous maps. It reveals that the majority of the world'’s
peatlands can be found in Asia (33%), North America (32%), Latin America and the Caribbean (13%),
Europe (12%), and Africa (8%). The remaining 2% are spread between Oceania and Sub-Antarctic
Islands.

Whereas degraded peatlands cause enormous environmental, health and economic challenges,
around 88% of global peatlands remain undegraded in a mostly natural state. The map shows that
these are concentrated in remote and inaccessible areas, mainly in subarctic and boreal zones.
Peatlands in both temperate and tropical regions that are readily accessible are more likely to be
modified or degraded.

The assessment reveals a number of newly recognized peatlands in regions where they were under-
represented in previous maps. This will inform more comprehensive mapping and assessment

and raise awareness of the importance of peatlands in these locations. Unfortunately, there are

still significant knowledge gaps around peatland extent and condition in many parts of the world,
particularly in Africa, Amazonia and the far north.
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Figure 0.1: Comparison between peatland distribution in the Russian Federation when considering two different peat depth
thresholds: Figure 0.1a: peat depth =30 cm and Figure 0.1b: peat depth =10 cm.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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Figure 0.2: The Global Peatland Map 2.0.
Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.



Key Findings

Three important discoveries
The Global Peatlands Assessment reveals three key findings.

First, healthy peatlands are being lost and degraded at a rate that is ten times faster than their rate of
expansion over the last 10,000 years. Worldwide, around 12% of current peatlands are degraded to
the extent that peat is no longer formed and the accumulated peat carbon stock is being lost. 500,000
hectares of peatlands that are accumulating peat (and thus actively capturing and storing carbon) are
being destroyed by human activities annually.

Second, peatland degradation, excluding fires, is releasing about 2,000 Mt CO_e of greenhouse gas
emissions per year. This represents around 4% of total global anthropogenic emissions. If greenhouse
gases from drained and degraded peatlands continue at this rate, this will consume 12% of the
emissions budget that remains to keep global warming below +2 °C and 41% of the emissions budget
that remains to keep global warming below +1.5 °C. The dry conditions that follow drainage also
increase the risk of severe losses in the event of peatland fires and increased erosion. Emissions from
degraded peatlands are revealed in the graph below which shows 85% of these emissions originating
from 25 parties to the UN Framework Convention on Climate Change.

Third, the diversity amongst peatland definitions in use in different parts of the world has hampered
efforts to consistently identify, map and manage peatlands on a global scale. This assessment uses
the definition of peatlands as ecosystems with a peat soil of any thickness and is consistent with the
Convention on Wetlands definition (Convention on Wetlands COP8 VII1.17) and for practical purposes,
widely used a 30-40 cm peat threshold. It however recognizes that a 10 cm threshold might be

more appropriate in order to account for peatlands’ contribution to climate. Countries may consider
this especially in future mapping and inventories or assessments to fully capture the extent of their
peatland carbon stock and facilitate effective policies for protection, restoration and sustainable use.

Figure 0.3: Estimated global greenhouse gas emissions from degraded peatlands from top 25 countries. Calculations are based
on the peatland drained area for forestry, agriculture and peat extraction and IPCC (2014) emission factors including CO,, CH,
N,0, DOC, and emissions from ditches. Includes only net, on-site GHG emissions. Wildfire emissions are not included.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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Regional Summaries

Essential peatlands information on each part of the world

Asia Summary
33% of global peatlands

Asian peatlands are among the most diverse and geographically extensive in the world with over

160 million hectares spread from boreal North Asia to the temperate region of East Asia and tropical
Southeast and South Asia. The Asian part of the Russian Federation contains 118,500,000 hectares
of peatland. With 33% of global peatland extent, Asia is the continent with the largest peatland area in
the world. Southeast Asia contains close to 24 million hectares or 5% of the global peatland resources.
Besides the Russian Federation, large peatland areas are found in Indonesia, China, Kazakhstan, India,
Malaysia and Mongolia. Southeast Asian tropical peat swamp forests contain some of the highest
floral diversity in the world. This diverse flora supports a range of fauna including charismatic species
like the Orangutan, Tiger, Clouded Leopard, Sun Bear and Gibbon.

These peatlands are under threat. It is estimated that, of Asia’s 160 million hectares of peatlands,

13% are degraded while just 10% are situated within protected areas. Climate change is exacerbating
degradation. So too is overgrazing by livestock, peat extraction and peatlands mining in highlands

of Central Asia, conversion of peatlands for agriculture and industrial plantations in Northeast China
and logging, drainage for plantations and wildfires in Southeast Asia. Southeast Asia alone lost more
than half of its peat swamp forests between 1990 and 2010. Estimated greenhouse emissions from
degraded peatlands in Asia are more than 1,000 Mt CO,e per year. Indonesia reported average annual
emissions of around 500 Mt of CO_e from peat decomposition and fires. Malaysia reported around 29
Mt of carbon losses from drained organic soils. Few other countries in the region include peatlands as
a key category of emissions in their reports to UNFCCC.

Subregional and transboundary agreements to tackle peatland fires causing widespread haze provide
a good example for the type of coordination that will be needed to scale up solutions to degradation.
The Association of Southeast Asian Nations (ASEAN) Agreement on Transboundary Haze Pollution
signed in 2002 is a commitment of 10 Member States to work together to monitor and tackle the
problem of haze pollution. The associated ASEAN Peatland Management Strategy (2006-2020) has
facilitated National Action Plans and on-the-ground measures across the region to protect and restore
peatlands and prevent peatland fires. Collaboration on implementing the agreement has enabled
countries affected by the degradation of peatlands to work together to better protect and restore
peatlands, reducing fires and greenhouse gas emissions.
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North America Summary
32% of global peatlands

Peatlands cover an estimated 158 million hectares on the continent. The majority is found in the
subarctic and boreal zones. Less than 2% of peatlands in the region are degraded. Estimated
greenhouse emissions from degraded peatlands in Canada and the United States are 89 Mt CO,e per
year.

Historically, drainage for agriculture has been the main threat to North American peatlands, but
they are now also threatened by oil and gas exploitation. The impact of thawing permafrost as a
result of climate change needs more investigation. Mining concessions have been granted within
many peatland areas, with the potential for substantial greenhouse gas emissions and loss of other
ecosystem services.

Climate change may lead to increased plant productivity and uptake of carbon in some North
American peatlands, but this effect is expected to be more than offset by substantial emissions from
permafrost thaw, coastal erosion by sea-level rise, oxidation of dried out peats and fires which are
expected to increase in frequency and severity.

Where peatlands are damaged, compensatory mitigation and offsetting policies can drive restoration,
but policies and implementation vary across the continent. Most Canadian provinces have wetland
policies that provide for compensatory peatland restoration to offset unavoidable loss and damage to
peatlands. However, in most states, there is no moratorium on removal and destruction of peatlands
to access oil and gas or ore mining or complete flooding for hydro-dams and no requirement that
restoration is like-for-like (so loss of peatlands could be compensated via restoration of wetland
habitats that are not peatland). An exception to this rule is Quebec’s financial compensation procedure,
which makes peatland destruction significantly (sometimes prohibitively) more expensive and
includes a legal obligation for an action plan and follow-up measures to preserve biodiversity, restore
habitats for species and maintain ecosystem services. USA federal law operates under a “no-net-loss”
principle for wetlands that also requires compensatory restoration or offsetting. This has promoted
carbon offsetting schemes, habitat banking systems and investment in non-regulatory conservation
programmes. However, differences in implementation across states and exemptions for agriculture
and drainage activities have sometimes undermined this protection.

Less than 20% of peatlands in North America are within protected areas. This includes national,
provincial, territorial or state parks, land trusts and Indigenous Protected and Conserved Areas. Some
of the most biodiverse peatlands are found in the subtropical zone. For example, The Everglades of
Florida are an expansive peatland landscape, covering 100,000 hectares, with Everglades National
Park at its southern end designated as a Ramsar Wetland of International Importance and a United
Nations World Heritage Site. Nevertheless, a number of species that depend on peatlands in North
America are in decline including the Woodland Caribou, Blanding's Turtle, the Eastern Massasauga
Rattlesnake and many migratory bird species.

Further policy development and implementation in collaboration with Indigenous Peoples is

needed, ensuring that both women and men benefit from peatland services and contribute to

their development. Regulators and government bodies need to better enforce existing peatland/
wetland policies before co-developing new policies and strategies for the restoration and sustainable
management of peatlands.
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Given the large proportion of intact peatlands in North America, conservation is particularly important.
A good example from Canada can be seen in the Indigenous Protected and Conserved Areas (IPCA),
where Indigenous governments have the primary role of protecting and conserving ecosystems
through Indigenous laws, governance and knowledge systems. Several IPCAs have been established
since 2018, including the Edéhzhie Dehcho Protected Area/National Wildlife Area that covers 1.4
million hectares of boreal forest and the Thaidene Néné Indigenous Protected Area that includes 2.6
million hectares of forest and tundra.

Latin America and the Caribbean Summary
13% of global peatlands

Peatlands are estimated to cover 63 million hectares in Latin America and the Caribbean. Peatlands
are found mainly in the (sub)tropical lowlands of South America, Central America and the Caribbean,
the (sub)tropical mountains of Guyana, the Andes, the Central American and Central East Brazilian
Highlands, and temperate Patagonia in southern South America. Research into peatland carbon
stocks is limited in the region but recent studies estimate that peatlands in the Peruvian Amazon
store ca. 5,400 Mt of carbon. Peatlands of Patagonia are the principal carbon sink and carbon stock
in the extratropical Southern Hemisphere. Estimates of the amount of carbon stored differ due to
uncertainties in peatland extent and depth but they are thought to be substantial.

Peatlands in Latin America and the Caribbean support a unique floral diversity that is adapted to
peatland environments. Lowland Amazonian peatlands host particularly high levels of regional species
diversity. High Andean peatlands have characteristic cushion plants, and Patagonian peatlands host
unigue plant species. These plant communities provide important habitats for fauna, with many
species found in peatlands under threat. For example, in lowland palm swamps, Mauritia flexuosa
provides an important food source for many species, such as the Lowland Tapir, and provides nesting
sites for species like the Blue and Yellow Macaw. Mangroves, freshwater swamps and marshes also
provide nesting sites for migratory bird species and habitat for crocodiles, turtles, jaguars, monkeys
and raccoons.

Peatlands in the region help to regulate water flow into rivers and provide clean water for many
communities. For example, peatlands in the Brazilian Cerrado are the only source of water for rural
communities and wildlife. Quito, Ecuador, is home to nearly 2 million people of whom 90% depend
upon montane peatlands for their domestic water supply. Peatlands also produce many food products
and materials and are closely linked with the cultural identities of some Indigenous Peoples.

The intensity of human impacts on peatlands varies greatly across the region. Estimated greenhouse
emissions from degraded peatlands in Latin America and the Caribbean are around 91 Mt CO, e per
year.

There are intact peatlands that require protection and highly degraded peatlands that require
restoration. Overall, peatlands in the region are poorly protected and increasingly under threat
from resource extraction, mining, changing climate, establishment of infrastructure, overgrazing
by livestock, drainage, active burning, invasion by invasive species, conversion for agriculture and
urbanization. Timely protection and management can reduce these threats.
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Most countries in Latin America and the Caribbean lack peatland inventories and only a few have
peatland policies or strategies in place. Furthermore, few have included them into international
commitments like Nationally Determined Contributions. This undermines attempts to protect
remaining peatlands in the region. There are also conflicts between different policies. For example,
Brazilian palm swamps (Veredas) are protected by 50 metre buffers under the New Forest Code, but
drainage and agricultural use of floodplains is promoted through the Provarzeas national program
which leads to the degradation of protected peatlands.

There is an urgent need to improve awareness and understanding of Latin America and the Caribbean
peatlands as they are not well recognized. Peatland policies and strategies need to be developed

in collaboration with Indigenous Peoples and Local Communities, ensuring gender-responsive
approaches. There are now examples of local knowledge being used to sustainably manage
peatlands. For example, in the Pacaya Samiria national reserve (Peru), climbing techniques for fruit
harvesting were developed by local people to replace the practice of cutting palms. In the Andes the
traditional pre-Hispanic water management practices can contribute to manage and restore peatlands.
And a participatory process has been carried out with local communities in Argentinian peatlands over
20 years leading to the Tierra del Fuego Peatland Use Plan that regulates peat mining and protects
peatlands identified as important for conservation.

Europe Summary
12% of global peatlands

Peatlands cover an estimated 59 million hectares in Europe. They are distributed unevenly with a
higher density in the northern lowlands, highlands and coastal areas, and more sparsely distributed in
steppe and broadleaved forest zones. Europe has experienced the largest proportional degradation of
peatlands of any continent in the world, and so their former extent has been significantly higher.

Large-scale, drainage-based economic use of peatlands began in Europe over a thousand years ago
and still includes a wide range of uses from food, fodder, timber and energy production from peat
extraction. Large peatland areas were historically transformed into construction areas, mining sites

or fragmented by roads. Many of these uses have compromised the provision of wider ecosystem
services. This has led to biodiversity loss, a reduction in water supply in quality and quantity and
significant greenhouse gas emissions as well as losses in resilience of ecosystems and adaptation
capacity. Non-degrading land use of wet peatlands such as the collection of berries, collection of
medicinal plants, collection of reeds and hunting of animals have a longer history but were displaced in
many regions by drainage-based peatland use.

Almost 50% of the European peatland area is degraded. This makes Europe the second largest current
greenhouse gas emitter from drained peatlands at close to 600 Mt CO,e per year and also the highest
historical emitter in cumulative terms. The main reason for peatland drainage is agriculture. Close

to 20% of the continent’s peatlands are currently situated in protected areas. The European Red List

of Habitats contains thirteen peatland habitats, three of which are listed as endangered and one as
critically endangered. Conservation of undegraded peatlands on the continent is of highest priority.
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The challenges associated with peatland management in Europe have not been fully addressed in
land-use and climate policies. Peatland drainage and its maintenance for agriculture, forestry as well
as energy are still subsidised in many countries. Furthermore, the EU and national agricultural policies
and payments from associated agri-environment schemes rarely support sustainable peatland
management practices but increase competitiveness of drainage-based land use artificially. The use
of peat as local fuel, substrate and growing media in European households is still considered in many
countries as a usual practice.

In several European countries, large scale restoration programmes are now underway, although to
date these are addressing only a fraction of the damaged area. Where damaging practices cannot

be reversed and peatlands restored, policies to raise water levels in peatlands still used for forestry
and agriculture should be considered. In many cases, a return to a natural state for peatlands on the
continent may not be possible due to the severity of the degradation. However, restoration of some
peatland ecosystem functions, such as reduced carbon emissions, regulation of water flow and
sedimentation retention, may still be viable. Raising the water level in peatland forests and agricultural
peatlands decreases but does not halt peat loss in all cases but, by reducing drainage intensity in
situations where full rewetting is not possible, some climate benefits can still be realized. Drained
peatlands represent only 3% of the EU’s agricultural land and rewetting them would avoid up to 25% of
the EU’s greenhouse gas emissions from agriculture.

Paludiculture, defined here as ‘productive land use of wet and rewetted peatlands that preserve the
peat’, can reduce greenhouse gas emissions rapidly while also maintaining income for farmers, fisher-
folk and others who make their livelihoods from peatlands. Paludiculture therefore has significant
potential, particularly on degraded peatlands, to deliver social, economic and carbon reduction
objectives over large land areas. Although the opportunity costs of switching to paludiculture can

be high on sites that are currently used for profitable land use (e.g., horticulture, dairy farming), new
markets are developing for wetland species crops and additional income (through for example
ecosystem services payments) may make paludiculture increasingly attractive in the future.

National Peatland strategies have been developed in many key European peatland countries, but
mainstreaming with overall climate, biodiversity and land use policies is still lacking ambition and
enforcement. This will need to change in order to achieve overarching societal targets including those
of a future EU Nature Restoration Law. A joint strategy or Pan-European initiative could foster peatland
conservation and sustainable use across the continent, including sharing of best practices and
addressing land use driven by international demand and supply.

Africa Summary
8% of global peatlands

Peatlands cover close to 40 million hectares across Africa. The Nile Basin peatlands store 4,200—
10,000 Mt of carbon while the Congo Basin peatlands store around 30,000 Mt. The greenhouse gas
emissions resulting from degradation of Africa’s peatlands are around 130 Mt CO,e per year, with eight
countries contributing 50% of these emissions.
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Africa's peatlands play an important role in regulating water flow and maintaining water purity. Millions
of people depend upon them. Several major river systems arise in peatlands, such as the Okavango,
Orange and Zambezi in Southern Africa and the Congo and Nile rivers in Western and Eastern Africa.
Their loss will threaten water supplies as well as increase the likelihood of flash flooding downstream
due to lost upstream water retention capacities in peatlands. Local communities benefit directly

from the collection of food, fibre and medicines from wet peatlands. Many peatlands have significant
cultural value too.

Africa contains some of the world’s most important and most recently recognized peatlands. Their
protection and sustainable management are crucial for climate, biodiversity and people. There are
several important biodiverse African peatlands. The Palmiet peatlands of South Africa are dominated
by the endemic Prionium serratum semi-aquatic shrub which creates a home for many rare and
valuable species. Other important peatlands include the cushion plant-dominated Bale Mountains of
Ethiopia and the Cuvette Centrale peat swamp forests that are home to populations of Lowland Gorilla,
Forest Elephant, Bonobo and Dwarf Crocodile. While most African countries have wetland policies, the
majority make no specific reference to peatlands.

African peatlands are being degraded at an alarming rate. This is creating an urgent need to protect,
restore and sustainably manage them. Peatland degradation has been reported in all African countries
known to host peatlands. Indeed, twelve countries report that more than 50% of their peatlands are
already degraded. Drivers of degradation include drainage for plantation and smallholder agriculture,
extraction of peat for burning in power plants and for use in agriculture. Other threats include
urbanization drainage to satisfy increasing demands for water supply and infrastructure development.

Regional policy initiatives related to the conservation and sustainable management of African
peatlands include the Brazzaville Declaration on Peatlands and the Nile Basin Initiative with its specific
peatlands workstream. South Africa also has a supportive policy framework. Enforcement remains a
major issue across much of the continent.

There are a number of important knowledge gaps and needs to be met to ensure protection and
sustainable management of Africa’s peatlands. These include collecting baseline data on the
occurrence of peatlands and the status of poorly known sites, increasing awareness of the importance
of peatlands, raising awareness among policy-makers on how these sites can be better managed

and mobilizing international funds and private finance to protect these peatlands. As new policies

and market-based approaches are developed, it is essential to engage local populations, promote
gender-responsive approaches, and draw upon local knowledge to sustain livelihoods alongside the
protection, restoration and sustainable management of Africa’s peatlands.

Oceania and Antarctica
2% of global peatlands

Oceania and Antarctica is a diverse region including Papua New Guinea, Australia and New Zealand,
Pacific Island countries and territories, Antarctica and Sub-Antarctic islands. Papua New Guinea and
the southern regions of Australia and New Zealand support extensive peatland ecosystems. Oceania
has few peatlands due to biogeographical conditions for peatland formation being rare. Overall,
peatlands are estimated to cover 7 million hectares in Oceania and around 70,000 hectares in the Sub-
Antarctic Islands.
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Oceania peatlands are among the most threatened and least understood in the world. Substantial
areas of coastal and lowland peatlands in Oceania have been lost since European settlement,
particularly in Australia and New Zealand. Key drivers of change across the region are drainage and
agricultural conversion, climate change and fire. Other notable drivers in specific areas are peat
extraction, pollution, invasive species, logging and infrastructure development. New Zealand has lost
large areas of peatlands due to drainage and development for agriculture. Rewetting and restoration
of degraded peatlands is urgently needed to meet biodiversity and climate goals. However, until this
assessment, little was known about the distribution and state of Oceania peatlands. There is still
precious little known about the carbon stocks of these areas.

Peatlands in the region are home to many unique habitats and species. Many are under threat. For
example, the endemic Sunset Frog is only found in the wettest peatlands of southwestern Australia
where it is vulnerable to climate change and land use impacts. Similarly, buttongrass moorlands of
western Tasmania are the last stronghold for the Eastern Ground Parrot, one of only five ground-
dwelling parrots in the world.

Indigenous knowledge and stewardship of peatlands is fundamental to their wise use and
sustainable management in Oceania. Peatlands in the region often form part of Indigenous People’s
interconnected lands, water and living things. In Australia, 39% of the peatlands are co-managed

by Indigenous Peoples (mainly in Tasmania) and 8% are subject to special rights. Peatlands often
form part of cultural origin traditions and are often believed to be the sacred dwelling places of
important deities or ancestors. A common thread across most indigenous societies of Oceania, prior
to colonization, was that peatlands commonly used to preserve, through burial, treasured items that
would normally rot away, such as wooden canoes. Papua New Guinea retains vast areas of peatlands
that are critical for traditional and modern economies and human wellbeing. These intact peatlands
are increasingly threatened by economic development, including industrial activities.

While many regions of Oceania do not have a strategy for peatland protection, restoration and
sustainable management, peatland conservation and restoration policies have been implemented in
Australia and New Zealand. However, peatland degradation continues and the lack of information on
the status and extent of degraded peatlands in the Oceania region hampers regional plans and action.
Estimated greenhouse emissions from degraded peatlands in Oceania are around 28 Mt CO,e per
year.

Better information on peatland carbon stocks in Oceania is urgently needed to improve management
of intact and degraded peatlands for climate change mitigation and other benefits. Support and
resources to develop a unified and robust Pacific Island soil information system, knowledge resource
and monitoring program are crucial to assess these peatlands as a natural asset and carbon sink and
to ensure that peatlands in Pacific Island countries are not lost before they are even documented.
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The goal of this Global Peatlands Assessment
s to inform and inspire action in policy, research
and practice that can help to protect, restore and

sustainably manage peatlands now and long
into the future.

1.1. Why Take Action to Protect, Restore and Sustainably
Manage Peatlands

The planet is facing multiple severe environmental challenges. Climate change, biodiversity loss,
pollution, land degradation and sea degradation are interconnected with food, energy, and water
security. They are also tightly bound to rising levels of inequality, greater poverty, increasing health
disruption and more displacement of people (United Nations Environment Programme [UNEP]
2021a). Immediate action is needed that reflects the commitments and ambitions agreed in the Rio
Conventions (on Biodiversity, Climate Change and Desertification), the Convention on Wetlands of
International Importance Especially as Waterfow! Habitat (Convention on Wetlands, also referred

to as the Ramsar Convention on Wetlands), the United Nations (UN) 2030 Agenda for Sustainable
Development and the UN Decade 2021-2030 on Ecosystem Restoration.

Nature is a vital ally in the strategy to face the interconnected environmental and socioeconomic
crises (UNEP 20217a). At the same time, “protecting our planet” appears as the second priority in the
list of the twelve selected actions of the United Nations’ “Common Agenda” and is closely interlinked
to people-related priorities such as ‘leave no one behind’ which takes first position (United Nations [UN]
2021). Protecting, restoring, and sustainably managing ecosystems are necessary to ensure that they
can effectively provide the services upon which human lives depend (Rockstrom et al. 2009).

The conservation, restoration and sustainable management of peatlands is a nature-based solution
(NbS) that helps tackle climate change, supports biodiversity and livelihoods and secures a range of
ecosystem services. Peatlands are a special type of wetland ecosystem that occurs in almost every
country on the globe. Despite only covering around 3% of land surface area peatlands are responsible
for storing up to one-third of the world’s soil carbon (Joosten 2009; Scharlemann et al. 2014). This is
twice as much carbon as in all the world's forest biomass combined. Peatlands also play a critical
role in the water cycle — filtering and storing water. They provide clean water, improve water quality
and prevent floods (UNEP and International Union for Conservation of Nature [[UCN] 2021). They are
home to rare and unique biodiversity. They hold great cultural meaning and are connected to the well-
being of millions of people (Crump 2017). Despite their important roles for nature, climate and people,
peatlands are misunderstood, undervalued, and underinvested (UNEP 2021b). This Global Peatlands
Assessment is an effort to improve knowledge on where peatlands are and how they are changing in
order to inform and inspire action in policy, research and practice.
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Box 1.1. Peatland — a Key Definition in the Context of this Assessment

'Peatland’ is a general term for land with a naturally accumulated layer of peat near the surface.
Peatlands include both ecosystems that are actively accumulating peat, and degraded peatlands
that no longer accumulate but in contrast lose peat.

The definition of peatland used in this assessment is consistent with the definition established
by the Convention on Wetlands (COP 8 Resolution VII1.17) (Ramsar Convention on Wetlands
2018). The threshold for the depth of peat that constitutes a peat soil, and thereby the definition
of peatland, varies by country (Intergovernmental Panel on Climate Change [IPCC] 2014).

Peatland ecosystems are under threat by deforestation, they are drained for agriculture, mined for
fuel, degraded by pollution, damaged by overgrazing, harmed by fire, destroyed for infrastructure
development and exposed to a range of other threats. Because peatlands are such incredible carbon
storage and capture ecosystems, their degradation poses a great risk. When peatlands are disturbed,
drained and degraded, they contribute disproportionately to greenhouse gas (GHG) emissions. This
assessment shows that just 0.4% of Earth’s land surface area is covered by degraded peatlands yet
these degraded areas contribute close to 4% of the global anthropogenic GHG emissions annually
(UNEP 2021c¢). When there are significant peatland wildfires the contribution of these degraded
peatlands to emissions can double. By conserving, protecting and restoring peatlands globally,
humanity can dramatically reduce and avoid emissions and revive a key ecosystem that alongside
tropical forests and mangroves holds the highest carbon stocks per hectare of all natural ecosystems
in the world (Epple et al. 2016; UNEP and IUCN 2021).

Peatlands represent incredible and unique ecosystem diversity ranging from northern bogs and fens
to tropical forests and swamps. These peatland habitats, in turn, are home for a rich biodiversity,
including endemic and endangered species, such as the orangutans found in the tropical peatlands

of Southeast Asia, bonobos and Western Lowland Gorillas found in both the Democratic Republic of
the Congo (DRC) and Republic of the Congo (Congo) and the Aquatic Warbler of central and northern
Europe (Crump 2017). Peatlands also support animal species from other habitats that use them
intermittently (Minayeva and Sirin 2012) and, in the specific case of bird species, peatland habitats
can work as stopover sites during migration routes, offering food and refuge during global flyways
(Bonn et al. 2016). By conserving, sustainably managing and protecting intact peatlands, humanity can
maintain an essential ecosystem that provides many services for people and the planet.

Taking actions to conserve and sustainably manage intact peatlands, and to restore degraded ones,
is a valuable NbS that offers socio-economic opportunities while simultaneously helping to tackle
climate change, biodiversity loss, water scarcity, and other environmental threats. Solutions in
peatlands have been estimated to contribute 10% of the total of emission reductions and removals
that can be delivered by solutions implemented across all ecosystems by 2030 (of between 5,000 and
12,000 Mt CO,e, according to one study) (UNEP and IUCN 2021). For peatlands restoration alone, the
annual investment between 2022 and 2050 to keep climate change below 2°C, stabilize biodiversity
levels and achieve land degradation neutrality should be 320 billion US Dollars (UNEP 2022b).
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1.2. International Commitments to Peatland Protection
and Restoration

Countries are increasingly becoming aware that conserving, restoring and sustainably managing
peatlands is important for climate action, biodiversity conservation and resilience building. This has
been reflected in a growing number of international peatland resolutions:

Ramsar Convention on Wetlands - Resolution VIII.17: Guidelines for global action on peatlands;
Resolution XII1.12: Guidance on identifying peatlands as Wetlands of International Importance
(Ramsar Sites) for global climate change regulation as an additional argument to existing Ramsar
criteria; and Resolution XII1.13: Restoration of degraded peatlands to mitigate and adapt to
climate change and enhance biodiversity and disaster risk reduction , as well as mainstreaming a
gender perspective in the implementation of the Convention and by extension, to peatland-related
activities (Ramsar Convention on Wetlands 2002; Ramsar Convention on Wetlands 2015; Ramsar
Convention on Wetlands 2018).

International Union for the Conservation of Nature (IUCN) Resolution 43: Securing a future for
global peatlands (IUCN 2016).

Resolution on the conservation and sustainable management of peatlands, adopted at the fourth
United Nations Environment Assembly (UNEA-4) (UNEP 2019).

These advances are also reflected in a number of related resolutions, including:

Resolution on NbS for supporting sustainable development, adopted at the fifth United
Nations Environment Assembly (UNEA-5) (UNEP 2022a) which defines NbS. This Resolution’s
implementation will benefit the design, implementation and evaluation of solutions based

in peatlands.

Decision 14/5 of the Convention on Biological Diversity (CBD) (Convention on Biological Diversity
[CBD] 2018a), which encourages parties to collaborate on the conservation, restoration and wise/
sustainable use of wetlands recognizing their importance in the context of climate change and
disaster risk reduction. This includes supporting the process towards developing a joint declaration
of multilateral environmental agreements (MEAS) with respect to peatland conservation,
restoration and wise use, thereby safequarding the multiple benefits of peatlands, including
restored peatlands, and contributing to the Sustainable Development Goals (SDGSs).

Decision 14/8 of the CBD on protected areas and other effective area-based conservation
measures (OECMs) (CBD 2018b), which encourages parties to apply the voluntary guidance on
the integration of protected areas and OECMs into wider land- and seascapes and mainstreaming
across sectors to contribute, inter alia, to the SDGs. One of the suggested steps for enhancing and
supporting that mainstreaming is to identify, map and prioritize ecosystem areas important for
essential ecosystem functions and services. Peatlands are specifically mentioned as one of the
ecosystems that are important for climate change mitigation.

Decision 7/4 of the CBD (CBD 2004) which recognizes peatlands as an important water
ecosystem, emphasizing that the programme of work on inland water biological diversity should
‘consider, support and collaborate with ongoing and/or new initiatives in these areas and in particular
those related to the conservation and sustainable use of peatlands”.

25



A recent report aiming to monitor the implementation of the UNEA 4/16 Peatlands Resolution,
Convention on Wetlands' Resolution XII.13 and IUCN’s Resolution 43 has assessed peatland policies
and strategies in 54 countries with the most extensive peatlands. This report led by I[UCN has identified
23 countries with policies or strategies dedicated to these systems at the time of reporting (Reed et al.
2019). Since then, a further five countries (Germany, Chile, Russia, Belarus, Austria) have introduced
or been found to have specific peatland policies or strategies, and these are outlined in the regional
chapters of this assessment. A number of other countries support peatland conservation, restoration
and sustainable management via other policies, for example as part of general environmental,
conservation, agricultural, planning, mining, forestry or wetland policies. Another analysis found that
only 9% of countries had developed national wetland specific policies, despite 88% being signatories
to the Convention on Wetlands (Peimer et al. 2017). In addition to a lack of resources, one of the key
barriers to developing national peatland policy is a lack of a national definition of peatlands, their
extent, location, and condition.

Peatlands are critical in the context of biodiversity conservation however they appear to greater

and lesser extents across a number of biodiversity focussed policies (CBD 2021; Posa et al. 2011).
Peatlands can help address biodiversity targets as set out by the Convention on Wetlands and the
CBD (Posa et al. 2011). The Strategic Plan 2016-2024 of the Convention on Wetlands encompasses a
target to achieve a significant increase in area, numbers and ecological connectivity in the network of
Wetlands of International Importance, in particular of under-represented types of wetlands including
peatlands (Target 6), as well as a target on restoration of degraded wetlands, with priority to wetlands
that are relevant for biodiversity conservation, disaster risk reduction, livelihoods and/or climate
change mitigation and adaptation (Target 12). National reporting under the Convention on Wetlands
also covers the adoption of wetland agriculture.

The Post-2020 Global Biodiversity Framework (GBF)' will set goals and targets for governments to
meet by the end of the decade, and peatland conservation and restoration could play an important role
in ‘bending the curve’ of species loss, both directly (e.g., through conservation and restoration), and
indirectly (e.g., through contributing to climate change mitigation and adaptation). A strong post-2020
framework can help deliver the SDGs through inclusive interested/affected groups participation, and

in particular, through the inclusion of women and Indigenous Peoples in peatland conservation and
restoration activities.

The importance of soil carbon stocks for climate change mitigation was first recognised in the
United Nations’ Framework Convention on Climate Change (UNFCCC) Kyoto Protocol (1997). Under
the Paris Agreement (2015) parties should take measures to conserve and enhance carbon stores
and sinks. To meet their commitments under this agreement, countries set targets in Nationally
Determined Contributions (NDCs), which can include peatland management. Convention on Wetlands
Conference of Parties (COP) Resolution XII1.13 encourages parties to pursue peatland conservation
and restoration in NDCs (Ramsar Convention on Wetlands 2018). However, a review of NDCs
showed that only 22 countries of the 147 parties (i.e., including the European Union, one party which
consists of 27 countries) mention specifically peatlands in one or several of the NDC submissions,
and some of them specified concrete targets and/or measures. These parties are known to have
peatlands in their territory (the studied NDCs have been submitted between 2015 and 23 September
2022) (Schiettecatte et al. 2022). On the other hand, emission reduction paths in NDCs often include
solutions like bioenergy use that may increase land-use intensity or increase drainage and extraction
in peatlands.

"The Phase two of the Fifteenth meeting of the Conference of the Parties (COP15) to the Convention on Biological Diversity will be held in Montreal, Canada,
from 7 to 19 December 2022. More info available at: https:/www.cbd.int/meetings/COP-15
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Even if mitigation targets are clear, reporting of the GHG emissions from organic soils is often
incomplete, as many peatlands are considered “unmanaged land” of which GHG emissions do not
need to be reported. This leads to the omission of permafrost thaw and wildfire emissions (e.g., see
Harris et al. 2022 for Canada and Bellassen et al. 2022 for the European Union). Furthermore, although
the protection, restoration and sustainable management of ecosystems including peatlands can help
facilitate climate change adaptation, most NDCs and national adaptation plans have only general
goals relating to NbS. Indeed, an analysis of UNFCCC adaptation projects showed that only 16% of
these goals dealt with rivers, floodplains and peatlands.

A number of countries are restoring previously drained peatlands as part of their voluntary
commitment to achieving land degradation neutrality targets under the UN Convention to Combat
Desertification (UNCCD) (United Nations Convention to Combat Desertification [UNCCD] 2016).

Several policy-relevant Resolutions/Decisions on peatlands are already in place under different
international agreements. Efforts are already underway to ensure that these different agreements
support joined up action and that their implementation aims are aligned for the conservation,
restoration and sustainable management of peatlands. The Global Peatlands Initiative is building on
these synergies and working to ensure that the knowledge generated on peatlands is available to

help countries advance on implementation through many tools, including through dedicated national
peatland policies. These Resolutions/Decisions have also highlighted gaps in knowledge, including on
peatlands’ extent, location, and condition, showing the need to strengthen the evidence base for the
development of national policies and plans.
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1.3. The Global Peatlands Initiative Working Together for Impact, Speed,
and Scale

The Global Peatlands Initiative (GPI) is an international partnership launched at UNFCCC COP 22 in
Marrakech, Morocco, in late 2016. Led by the United Nations Environment Programme (UNEP), its
goal is to protect and conserve peatlands as the world’s largest terrestrial organic carbon stock and
to prevent this carbon stock from being lost and emitted into the atmosphere. It now represents a
multi-stakeholder partnership of 51 members who are working together to improve the conservation,
restoration and sustainable management of peatlands. Drawing attention to peatland issues and
helping countries and partners to understand and make evidence-based decisions about their
management enables the Initiative to contribute to several Sustainable Development Goals.

The GPI makes an impact by highlighting cases, gathering lessons and sharing best practice examples
from different types of peatland ecosystems found all around the world. It also facilitates and
stimulates south-south and triangular exchanges between countries and between decision makers
and interested or affected parties. The goal of the partnership is to enable and inspire action based
upon evidence that shows the importance of peatlands and the contribution they make to the climate,
people and the planet.

Through this Global Peatlands Assessment (GPA), GPI is bringing together the latest science to
inform policies, decisions, research and actions and is building the evidence base to establish the
state of the world’s peatlands. The GPI intends to hold this GPA as a solid foundation and as a basis
for work towards future assessments and the development of a future Global Peatlands Inventory, as
called for by all countries of the world in the UNEA-4 Resolution on the Conservation and Sustainable
Management of Peatlands in 2019.

1.4. About this Assessment

This assessment, delivered through the Global Peatlands Initiative partnership, is another key step on
the road toward the Initiative making an impact and advancing climate and nature action. It is the most
comprehensive assessment of peatlands to date, providing important new insights on the definition,
location, extent, condition and governance of the world’s peatlands, their contribution to climate
change and how they can be harnessed as NbS for climate, biodiversity and people. The goal of this
assessment is to inform and inspire action in policy, research and practice that can help to protect,
restore and sustainably manage peatlands now and long into the future.

This assessment was undertaken between 2020 and 2022 and provides a global overview of the
current state, extent, governance and contributions to people of peatlands and of the drivers of
peatland ecosystem change. Drawing on the best available science, the assessment is designed
to help decision makers plan for sustainable peatland management and to mobilize and inspire
peatlands conservation and restoration action at scale and at speed.

28



In each of the UN regional chapters we have included the latest information on peatlands extent and
status while highlighting some cases to show the different ongoing challenges, actions and efforts
to conserve, restore and sustainably manage peatlands in: Africa, Asia, Europe, Latin America and
the Caribbean, North America, and Oceania. The effect of land-use change on peatland carbon still
remains a major knowledge gap and deserves further research and best practice development.

This assessment shows how peatland conservation, restoration, and sustainable management

can offer a triple win for the climate, people, and the planet. At the same time, it also addresses the
urgency of establishing more general definitions for “peat” and “peatland” and takes an interdisciplinary
approach to make use of the best science and available data to develop improved peatland distribution
maps. Further work in the area of the amount of carbon stored in peatlands is warranted as peatlands
store a significant proportion that can be released as emissions through disturbances.

The assessment process was inspired by procedures developed under the Intergovernmental Panel
on Climate Change (IPCC) and the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES). It included a preparatory stage where the scope and partnerships were
defined and approved, an assessment stage including nomination of authors, the development of the
assessment through three author meetings and several peer-review cycles including an open peer-
review process, an approval stage with the acceptance of the final assessment report and summary
for policy makers (SPM) and is accompanied by an outreach stage for disseminating the main
assessment findings.

The concept and process of the GPA were approved by the GPI Steering Committee in February 2021
and presented to the public at the Global Peatlands Pavilion during the UNFCCC COP26 (November
2021). The Global Peatland Map version 2.0 was also launched during the same session and an
invitation to all interested parties was delivered to request their help to improve the base knowledge on
the extent of peatlands (United Nations Environment Programme 2021d). A detailed description of the
procedural aspects of this assessment can be found in Annex |.

This assessment has been made possible through the generous and voluntary contributions of
226 contributors (44% women; 56% men) coming from 51 different countries who were involved as
coordinating lead authors, contributing authors, reviewers, editors and information providers. The
financial contributions of both the Governments of Germany and Sweden through the International
Climate Initiative (IKI) and the Swedish International Development Cooperation Agency (SIDA),
respectively, were also essential for the whole GPA process. The GPA was led by UNEP and the
process was coordinated by UN Environment Programme World Conservation Monitoring Centre
(UNEP-WCMC), with guidance and technical support from the Greifswald Mire Centre (GMC), the
Food and Agriculture Organization of the United Nations (FAO), the Secretariat of the Convention
on Wetlands and others mentioned who made up the GPA Development team. The team paid close
attention to geographic representation, gender balance, and welcomed viewpoints from many
disciplines drawing on different areas of expertise in peatlands. Besides being an effective global
assessment that fills the knowledge and research gaps identified by the Initiative, it also captures the
essence of the GPI partnership representing a huge collaborative, participatory and voluntary effort.
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This report is the first global peatlands assessment in almost 15 years (since the release of the
Assessment on Peatlands, Biodiversity and Climate change in 2008) (Parish et al. 2008) and builds
upon the rapid assessment developed under the GPI (Crump 2017). It is built upon the best available
science to date including spatial data and information on peatlands from multiple contributors

from around the world and from academia to governments, businesses and the third sector.
Representatives from Indigenous Peoples and Local Communities (IPLC), early career researchers
and practitioners were sought out to achieve a balance in the wider team of contributors, to consider
diverse world views, values and knowledge systems. So, it combines an expert-based, narrative
(rather than systematic) review with new data on the extent and state of the world’s peatlands collated
through a collaborative effort the GPA has made possible. As a result of this and a lack of evidence in
some geographic areas, the assessment has information gaps. Its purpose is to install the foundations
for a structured process in the near future to produce more comprehensive assessment reports by
the science-policy interfaces of the major conventions and multilateral environmental agreements.
The assessment is an open invitation by UNEP and the GPI to all groups with knowledge, experience
and data on peatlands to actively engage and join us in our effort to advance the science, policies and
practice that are needed to deliver on our global goals.

The assessment starts in Chapter 2 by providing the most comprehensive assessment of global
peatland extent and status to date, drawing on new data that were compiled and represented in
several GPA maps. The GPA maps show the location and diversity of peatlands worldwide as well
as their occurrence within different ecological zones, the greenhouse gas emissions of degraded
peatlands, the global human impact on peatlands including hotspots of land-use change, peatlands
within protected areas, biodiversity hotspots and species richness, peat fires, permafrost peatlands,
mountain peatlands, and hotspots of forest integrity on peatlands.

This sets the scene for the regional chapters (3-8) that provide a more detailed assessment of
regionally specific peatland challenges, opportunities and progress in Africa, Asia, Europe, Latin
America and the Caribbean (LAC), North America and Oceania. Finally, Chapter 9 reviews regulatory,
market-based and other policy and governance options to promote the protection, restoration and
sustainable management of peatlands.
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Global Highlights

Key Facts

KEY GLOBAL DATA PRODUCED FOR THE GLOBAL PEATLANDS ASSESSMENT 2022’

Total peatland area (hectares)
Peatland cover over total region surface area (%)
Degraded peatlands (%)

Annual GHG emissions from peatlands (Megatons of
carbon dioxide equivalent emissions per year)

Undegraded peatlands (%)

Peatlands within protected areas (%)

Top 10 Countries with largest peatland area (hectares)

487,754,199 ha
3.8%
11.7%

1,941.2 Mt CO,e / yr

88.3%
18.6%

1. Russian Federation (139,300,000 ha)

2. Canada (119,377,000 ha)

3. United States (38,813,000 ha)

4. Brazil (26,019,489 ha)

5. Indonesia (20,949,000 ha)

6. Democratic Republic of the Congo (18,157,111 ha)
7. China (12,885,443 ha)

8. Republic of the Congo (9,540,799 ha)

9. Finland (8,313,381 ha)

10. Peru (7,651,400 ha)

ADDITIONAL DATA

Total peatland carbon stock? (Megatons of carbon)

Threatened peatland species® (VU = vulnerable;
EN = endangered; CR = critically endangered)

Ramsar Wetlands of International Importance with peat*

600,000 Mt C

Flora: 112 VU, 133 EN, 58 CR
Fauna: 324 VU, 302 EN, 141 CR

657 sites (26.8% of total Ramsar sites)

" Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.

?Yu et al. (2010). Global peatland dynamics since the Last Glacial Maximum. Geophysical Research Letters 37, L13402

3Data extracted from the IUCN Red List of Threatened Species.

“4Data extracted from the Ramsar Sites Information Service.
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2.1. Introduction

Over the last decades, we have come a long way in understanding peatland ecosystems and their
biogeochemical processes, mapping their extent and distribution and appreciating their ecosystem
services. Peatlands are found across the globe, from the low latitude tropical peat swamp forests

and the high latitude palsa peatlands to the low altitude peaty mangroves and high altitude paramo
peatlands (Hofstede et al. 2013; Rydin et al. 2013; Joosten 2016; Crezee et al. 2022; Hastie et al. 2022).

Peatlands are incredibly important, despite being often overlooked. Aside from supporting important
endemic and endangered species in their diverse habitats, peatlands provide vital contributions to
people through their capacity to store vast amounts of carbon, providing fresh water and limiting the
impacts of rainfall events and so avoiding floods. However, degraded peatlands emit huge amounts of
greenhouse gases that are disproportionate to the area they occupy (Joosten et al. 2016a). As such,
they have a big part to play in the global carbon cycle.

Peatlands are difficult to map when they are remote and difficult to access. This is made more difficult
because the belowground peat is often “hidden” by different land cover types and cannot be directly
observed by satellites. For this reason, the use of Earth Observation for mapping peatlands has to

be conducted in conjunction with field campaigns or ‘ground truthing’ (Vernimmen et al. 2020). The
mapping of peatlands at the global scale is not complete nor straightforward. Global maps that have
been produced, including those developed as part of this assessment, have some level of uncertainty
associated with them (Yu 2012; Xu et al. 2018; Minasny et al. 2019; Melton et al. 2022). Various

regions and countries still require surveying and mapping of their peatlands, particularly in developing
countries, as reflected in this assessment and this needs to happen urgently.

This chapter contains information from a global perspective on the extent of peatlands and a definition
of what peatlands are. It also explains how they are mapped, how they are monitored and which
methods were applied for developing the Global Peatland Map 2.0 (GPM2.0). It then reviews the

state of peatlands with respect to degradation, emissions and protection. Finally, the chapter reviews
peatlands in the context of their biodiversity and carbon storage capabilities in relation to nature’s
contributions to people. Thus, it sets the stage for the successive regional chapters.
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2.2. Definition of Peat and Peatland

Peatlands are known by many names around the world including the English terms muskeg, bogs,
mires, fens, tropical peat swamp forests and more. This variety in terminology reflects the diversity of
peatland habitats and ecosystems (Rydin et al. 2013).

‘Peatland is a general term for land with a naturally accumulated layer of peat near the surface.
Peatlands include both ecosystems that are actively accumulating peat and degraded peatlands
that no longer accumulate but in contrast lose peat. This definition is consistent with the definition
established by the Convention on Wetlands (COP 8 Resolution VII1.17) (Ramsar Convention on
Wetlands 2018).

Peat consists of partly decomposed (but partly still macroscopically recognizable) plant remains
that have accumulated where they have been produced (in situ). Peat is formed when microbial
decomposition of dead organic matter is incomplete as a result of anoxic (oxygen-free) conditions
caused by near permanent water logging, and/or low temperatures. Also, the recalcitrance against
decomposition plays an important role in peat formation, resulting in only selected plant species
and parts producing peat. The definition of peat used in this assessment has been informed by the
Convention on Wetlands (Ramsar Convention on Wetlands 2018).

Peatlands store carbon that plants have taken up as carbon dioxide (CO,) from the atmosphere and
have transformed by photosynthesis into plant material. When these plants die but do not completely
decompose, they become peat. About 50 - 60% of this peat consists of carbon.

A key feature of peat-accumulating peatlands is their high water table, which creates the anoxic
conditions necessary for peat accumulation and preservation. Peat-accumulating peatlands are
therefore almost always wetlands. In (ant)arctic regions, peat may also accumulate because organic
material is protected by permafrost. Degraded peatlands no longer accumulate peat/carbon and, when
they are deeply drained, they are no longer wetlands. They may, however, still have significant (but
diminishing) carbon stocks in their residual peat layers.

In addition to organic matter, peat also contains mineral materials that, during peat accumulation,
have washed or blown in. The maximum content of mineral material that ‘peat’ may hold has not
been standardized at the international level and varies widely from 35% to 95% dry weight depending
on country, scientific discipline and depositional setting (Joosten and Clarke 2002). The boundary
between mineral and organic material in soil science is defined at 80% of mineral material (=20% of
organic matter) by weight (Food and Agriculture Organisation [FAO] 2014).

By definition, land with any thickness of in-situ peat is a peatland. However, for mapping and statistical
purposes, a minimal peat depth has to be defined. In national surveys across the world, peat depths
ranging from 5 to 50 cm (and more) have been (and are being used) to define and map peatlands/
organic soils. Because of this variety, the IPCC has never specified and the UNFCCC has never
adopted, a globally valid standard minimum thickness. Rather, the UNFCCC allows every country

to use its own country-specific definition as long as that definition is clear and applied consistently
across the entire national land area and over time (Hiraishi et al. 2014). This flexibility complicates

the consistent mapping and statistics of peatlands on a global scale based upon the aggregation

of national and regional data. How the new Global Peatland Map 2.0 (GPM2.0) has addressed this
challenge is explained in § 2.4.

Peatlands are found in a wide variety of climatic zones and under many different landcover types
(Rydin et al. 2013; Joosten 2016). This makes mapping the global extent of peatlands a challenging
task (Yu et al. 2010; Melton et al. 2022).
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2.3. Mapping Methods and Approaches Seeking the Global Extent

In order to progress global peatland extent mapping, multiple methodologies have been employed to
date, including top-down approaches e.g., machine learning (Melton et al. 2022) and remote sensing
(Gumbricht et al. 2017) and bottom-up approaches e.g., amalgamation of country data (Yu et al. 2010;
Xu et al. 2018). Bottom-up country data or national scale maps are created from a range of methods
including field survey and mapping, data amalgamation and earth observation (EO) including aerial
and satellite data analysis (Minasny et al. 2019).

Mapping peatlands using these top-down and bottom-up approaches (Tarnocai et al. 2002; Connolly
etal. 2007; Connolly and Holden 2009; Thompson et al. 2016; DeLancey et al. 2019) has often been
achieved by modelling topographic, geomorphic, climatic, pedologic and hydrologic data (with or
without the inclusion of remote sensing data) that may indicate the presence of peatland (“proxy
data”). Peatland probability maps have also been produced by process-based modelling (e.g., Mller
and Joos 2020) using the process hierarchy governing the accumulation of peat (Minasny et al.

2019). The outcome of such approach depends on the assumptions made. Probability maps may

be regarded as first order approximations that are also useful to target areas for field sampling, of
which the results can then be used for supervised classification mapping from remote sensing data to
extrapolate the field-sampled data.

Top-down approaches apply a specific classification algorithm (e.g., maximum likelihood, machine
learning - random forests, support vector machines, convolutional neural networks) to specific data
sources for the whole Earth and often incorporate ancillary data on climate and/or soils (Abatzoglou
etal. 2018). The advantage of a top-down approach is coherent mapping across the globe with a
consistent definition of ‘peatland’ (i.e., the peatland proxy used). The disadvantage may be coarser
resolution due to the large volume of data and the need to reduce processing time, or a bias towards
certain peatland types based on their formation processes. It is critical to understand bias in the
training data and model assumptions in both top-down and bottom-up models. Some maps are also
not spatially explicit but rather depict the fractional cover of peatland (e.qg., Tarnocai et al. 2002; Miiller
and Joos 2020; Melton et al. 2022) which limits their utility.

Top-down approaches work well where peatlands are intact and water tables are permanently at,
above, or slightly below the surface or vary considerably with seasonal inundation (e.g., palm swamp
peatlands) (Bourgeau-Chavez et al. 2021). Such patterns of seasonal change in hydrology often allow
discerning peatland types via remote sensing, especially those that are otherwise floristically similar to
non-peat wetlands and/or uplands (Bourgeau-Chavez et al. 2021). However, coarse resolution remote
sensing data (e.g., MODIS at 250—1000 m resolution) will omit many individual peatlands or group
them into an undifferentiated wetland typology. Therefore, peatland mapping needs fine resolution

EO data (higher than 30-m resolution), combined with sufficient ground truthing data to validate the
presence of peat and peatland (Bourgeau-Chavez et al. 2021). High and very high-resolution EO data
(10-m or higher) are now becoming more widely and freely available (e.g., Sentinel-1, 2, NISAR in 2024)
and their storage in cloud platforms (e.q., GEE, Gorelick et al. 2017) facilitates rapid mapping and
monitoring of areas of interest (e.qg., Mahdianpari et al. 2021).
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The combination of different types of sensors and/or frequencies, i.e., optical-infrared (IR), microwave,
or laser imaging, detection, and ranging - LIDAR (for Digital Elevation Models - DEM, etc.), and data
from multiple dates to capture phenological and hydrological seasonal differences, have been found
to enhance wetland mapping in general (Lawson et al. 2014; Barthelmes et al. 2015; Bourgeau-Chavez
etal. 2015). These high temporal and high spatial resolution datasets and cloud platforms will be
beneficial for future global peatland mapping. However, some of these, such as LIDAR derived DEMs,
are expensive. This limits acquisition and application, especially at a global level. Also, large field
training datasets and region- or peatland type-specific classification algorithms and data layers will
be necessary to obtain high-accuracy maps (Congalton and Green 2019). Even with these enormous
data requirements, not all peatlands across the globe can be accurately mapped using a single
classification top-down approach (FAO 2020).

Peatland ecosystems are typically classified using hydrological, botanical and physiognomic
information. These features disappear or are altered if peatlands are drained or intensively used.
Peatlands that have undergone land use change may be difficult to discriminate from the surrounding
landscape with remote sensing data, particularly where their areal extent is small or where they are
part of wider forest biomes. Their characteristic feature, peat, is below the surface and cannot be
readily identified from above.
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The bottom-up approach amalgamates existing maps that have mainly been produced at the country
level or smaller scale, have higher resolution and accuracy, and contain regionally appropriate classes
that can be aggregated to the most accurate and detailed product possible (Arrouays et al. 2017).
However, such maps contain data created with different classifiers, input data sources, and possibly
different peatland definitions (see § 2.1), which can affect consistency in a map with regionally varying
accuracy (Arrouays et al. 2017). The diversity of peatlands and their condition around the world

may exceed the limits of a single classifier, ultimately resulting in lower accuracy and unaccounted
peatland types (e.qg., tropical mountain peatlands). For a peatland mapping campaign, the diversity
and landscape-ecological niches of the peatlands in the study area should be identified by a
comprehensive literature study in the preparation phase and thoroughly investigated by fieldwork.

When mapping covers different peatland types and/or crosses boundaries between global ecological
zones that differ in climate, seasonality and dominant land cover, the best mapping results are
presently obtained with regionalized approaches. The high temporal and spatial resolution datasets
and cloud platforms mentioned above will be beneficial for future global peatland mapping as well as
for increasing monitoring capability. However, in-situ data on peat type, depth and specific ecological
features are needed to create geospatially accurate maps for decision-making and to estimate carbon
stocks more accurately (Crezee et al. 2022). In case of drained peatlands without natural vegetation,
historical imagery, accurate historical maps and country level mapped data, which capture the
undisturbed peatlands in the past, can be consulted for mapping (Vernimmen et al. 2020). Large field
training datasets and region- or peatland type-specific classification algorithms and data layers will
likely be necessary to obtain high-accuracy maps.

A full coverage map, including pristine and degraded peatlands, is essential for a global peatland
assessment, to inform conservation, to assist in restoration and to support sustainable management
policies and planning. Whatever mapping approach is chosen, it cannot be emphasized enough, that
in situ ground truthing in the field is essential to validate the maps and to collect data on peat depths,
bulk density and carbon content by region and peatland type. Such ground truthing will require time,
skills and investment.

The costs associated with field data collection for validating peatland classifications are dependent on
environmental conditions and the variety of peatland characteristics (Congalton and Green 2019).

To inform nature and climate decision-making now, we have combined many different data,
information and modelling approaches to produce the most comprehensive global peatlands map to
date: The Global Peatland Map 2.0 (GPM2.0).
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2.4. The Global Peatland Map 2.0 (GPM2.0)

The Global Peatland Map 2.0 (GPM2.0) (Fig. 2.1) was produced specifically for the GPA to provide

the most up to date data on peatland location and extent globally. It covers all regions of the world
and allows decision-makers to identify priority areas for conservation, restoration and sustainable
management. It also presents ‘probable’ peatland areas, i.e., areas where on the basis of their physical
constitution and remote sensing signal, peatlands can be expected but whose presence has not yet
been confirmed by ‘ground truthing'.

We included these areas to raise awareness and encourage more comprehensive mapping and
assessment in hitherto under-represented regions. The countries with a varying representation of
‘probable’ peatlands are indicated in Table 111.3 of Annex Ill. Production of the Global Peatland Map 2.0.

The GPM2.0 has been compiled by amalgamating country level peatland maps and high-resolution
peatland ‘proxy’ data contained in the Global Peatland Database (GPD) following the ‘bottom-up
approach’ (see § 2.2 and Annex IIl). The map is spatially explicit and presented in a 0.9 x 0.9 km raster,
with varying levels of uncertainty depending on the region (see Table I11.3 of Annex IlI).

The vast majority of data was derived from scientific publications on soil and peatland research and
obtained from other ‘external’ sources such a national agencies and online sources (see Table 1.2 of
Annex l1). Following mainly Xu et al. (2018), we gave preference to datasets that:

1. directly identified peatlands and distinguished them clearly from other land cover types, e.g., non-
peatland wetlands,

2. possessed a large to mid spatial scale (1:25,000 to 1:250,000),
3. offered a comprehensive coverage of peatlands in the landscape unit.

The original sources with full references can be found in the GPM2.0 metadata file (see § I1l.1 of Annex
[11). Many of the consulted original publications provide detailed information on the methods used

and uncertainties involved. All data integrated for this assessment have adopted the definitions of the
original studies. Peatland and organic soils data were included if they surpass the threshold of soil
organic carbon - SOC >12%. Peat depth thresholds were not established for the assessment to allow
for the use of data with regionally varying definitions. It remains to be noted that thresholds for SOC
and peat depth were not specified for some integrated peatland data, and in particular not for proxy
data indicating potential peatlands.

We used the original definitions of ‘peatland’ and ‘organic soil’ of the regional maps, which normally
encompass a 30-50 cm peat depth threshold. If studies with multiple thresholds were available for

a region or area, we selected the study with a threshold closest to 30 cm. The effect of choosing
different peat depth thresholds is illustrated in Fig. 2.2 for the Russian Federation (for which such data
are available). If using the = 30cm threshold, Russian peatlands extent over 139 million hectares, if
using the = 10cm threshold (c.f. Vompersky et al. 2005; 2011), the peatland area is 2.6 times larger
(368 million hectares).
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Figure 2.1. The Global Peatland Map 2.0 (GPM 2.0) developed as a base-map for the GPA.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre. For more details on the methods and references used for this map,
see Annex IIl. Production of the Global Peatland Map 2.0.



Figure 2.2. Comparison between peatland distribution in the Russian Federation when considering two different peat depth
thresholds. Figure 2.2a: peat depth =30 cm and Figure 2.2b: peat depth =10 cm.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
For more details on the methods and references used for this map, see Annex IIl. Production of the Global Peatland Map 2.0.
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Figure 2.3. Types of direct’ peatland (peat/peatland, ‘organic soil, histosol’) and ‘indirect’ proxy mapping data ('hydromorphic soil,
and selected ‘ecosystem’, land cover’ and 'vegetation'types) used in the Global Peatland Map 2.0.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
For more details on the methods and references used for this map, see Annex Ill. Production of the Global Peatland Map 2.0.

The accuracy of each dataset was checked through comparison with independently collated peat
point observations and with proxy data (such as Digital Elevation Models - DEM, Topographic Soil
Wetness - TSW), satellite imagery and ancillary data using landscape and peatland expert judgement
(‘plausibility check’). The GPM2.0 workflow and explanation of data treatment and development of
data are fully explained in Annex Ill. Production of the Global Peatland Map 2.0.

This publication has tried to present a map and a dataset (see metafile in Annex Il1) that are as
consistent and transparent as possible. Similar to the ‘Global map of peatland regions’ (Yu et al. 2010),
the ‘PEATMAP’ (Xu et al. 2018), and the ‘Global peatland distribution map’ (Leifeld and Menichetti
2018), the Global Peatland Map 2.0 follows a bottom-up approach. The most obvious improvement
compared to these maps is the inclusion of multiple data sets of mid- to high resolution (see § Il1.1

of Annex IIl). Moreover, the input data for the GPM2.0 have undergone a plausibility check and were
cleaned or amended as necessary (see § lll.1 of Annex I1). How this GPM2.0 relates to other global
maps on peat, histosol or soil organic carbon is explained in detail in the Annex Ill.

It is important to underline that the GPM2.0 map still suffers from biases and coverage gaps. Until
now, peatland inventories have been unsatisfactory. Most countries have insufficient information
about their peatland location, extent and status. This is related to the fact that the decisive feature
‘presence of peat’ cannot be observed directly by remote sensing. The available data often differ
extremely in scale and quality, and only some data are available in GIS format. This hampers the
harmonization of data and in most cases precludes automatic treatment. The vast diversity of
peatlands, peatland use and the collated spatial data in the GPM2.0 also prohibits an objective
estimation of uncertainty levels,
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Especially, many countries in the southern hemisphere and in Central and East Asia are not mapped
comprehensively or with sufficient accuracy. Even so, it is still relatively straightforward to spot
where overestimates and underestimates likely are and to know where knowledge gaps are likely

to be present. Annex Ill (Production of the Global Peatland Map 2.0) provides a table of countries
with considerable coverage gaps and uncertainty of GIS data based on evidence from scientific and
ancillary data (Table I11.3).

Peatland inventory in terms of drainage, conventional use and associated emissions is also still
unsatisfactory and many countries have insufficient information about the status of their peatland
resources. Estimates on the extent and emissions of main land use types, forestry, agriculture (if
possible divided in cropland and grassland) and peat extraction in each country have been derived
by considering (again) multiple input data, specific integrated emission factors and using an iterative
process of data integration (see Annex IlI for details).

While being aware of concrete regional biases in the GIS data, the country-wise statistics from the
GPM2.0 have been checked against other global maps, a broad range of scientific and ancillary
data and in collaboration with the GPA Coordinating Lead Authors. The data ranges presented by
these varied sources are often not real reliability ranges but compilations of different estimates.
The assessment does not present all these (sometimes extremely dissimilar) estimates but instead
presents the most probable figure. Details of considered input data and best estimates are given in
Annex IIl.

The inevitable inconsistency in the definition of ‘peatland’ between various countries is inherent to all
‘bottom-up’ global peatland maps and is supported by logic IPCC and UNFCCC policies (see § 2.1). It

is important to remember that national definitions have never been informed by climate concerns and
go back to historical agricultural/land use considerations. From a climate policy point of view, it can be
argued that it would be better to have a peatland/organic soil definition with a peat depth threshold of
e.g., 10 cm, as peatland of this depth already approaches or surpasses the minimum carbon threshold
of a High Carbon Stock (HCS) tropical forest (Raison et al. 2015, see § 2.9). This would require peatland
remapping in major parts of the world but would better appreciate the enormous carbon density of
peat and its importance for the climate.
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2.5. Global Distribution of Peatlands

According to the Global Peatlands Assessment best estimates, peatlands (including probable
peatlands) cover about 500 million hectares globally of which 33% are in Asia and 32% in North
America, and less than 13% in Latin America and the Caribbean, Europe, Africa, and Oceania each
(Table 2.1, Fig. 2.4).

Figure 2.4. Proportional distribution of peatlands (including probable peatlands) over the various continents/regions.
Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.

Table 2.1. Peatland distribution (including probable peatlands) per continent/region based on the Global Peatlands Assessment data
retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.

Area of peatland (ha) Percentage (%)

Asia 161,030,209 33.01
North America 158,200,825 32.43
Latin America and the Caribbean (LAC) 63,373,122 12.99
Europe 58,755,644 12.05
Africa 39,037,313 8.00
Oceania 7,285,883 1.49
Sub-Antarctic Islands 71,204 0.01
WORLD 487,754,199
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Figure 2.5. Global peatland extent per country (including probable peatland).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre. For more details on the methods and references used for this map,
see Annex IlI. Production of the Global Peatland Map 2.0.



The general distribution of peatlands reflects global atmospheric circulation with its three zones of
rising air masses and abundant precipitation. These are near the equator and along the polar fronts
around 60° latitudes in both hemispheres (Fig. 2.1). The southern zone is inconspicuous because

of a lack of land at the relevant latitudes. The northern zone is very rich in peatlands, due to its low
temperature, limited evapotranspiration, and flat topography. Towards the poles, permafrost obstructs
subsurface drainage and facilitates peatland development. This is true even under extremely low
precipitation. A flat topography with poor drainage has supported the formation of the largest peatland
concentrations globally, e.g., West Siberia (Asia), the Hudson Bay Lowland and Mackenzie River Basin
(North America), Southeast Asia, the Congo Basin (Africa) and Western Amazonia (South America)
(Kirpotin et al. 2021).

Outside these three zones peatlands may still occur anywhere where local climate, substrate, relief
and hydrology allow permanent wet soil conditions. This results in peatlands being found in at least
177 out of 193 UN member states (Fig. 2.5). However, peatlands are less common and extensive

in subtropical regions around 30° N and 30° S, where global atmospheric circulation causes the
descending air to be very dry. Peat development here is driven by moist airmasses resulting from
ocean currents and earth rotation. Peatlands also abound on the windward side of mountainous
regions where condensing vapour in ascending air leads to increased rainfall (e.g., on the west side

of the Cordillera Mountains in South America) and in floodplains receiving large water volumes from
rain fed mountain rivers (e.g., Brahmaputra, Mississippi, and Rio Parana), as seen on the global map of
mountain peatlands distribution by elevation (Fig. 2.6).

The distribution of peatlands over the various global ecological zones is depicted in Fig. 2.7.
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Figure 2.6. Global Mountain peatlands (including probable peatland) distribution by elevation (in meters above sea level).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre. For more details on the methods and references used for this map,
see Annex 1.3 Production of Thematic Maps.



Figure 2.7. Distribution of peatlands (including probable peatlands) over the various FAO Global Ecological Zones.

Source: based on the Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the
Greifswald Mire Centre.

2.6. Monitoring Peatlands Change

Knowing where peatlands are is essential for monitoring their size and understanding how they are
changing. Many approaches to monitoring landscape change exist. While this assessment aims to
enhance knowledge on peatlands and their status, it does not cover peatland monitoring development
in detail. For further reference, consult e.g., FAO 2020, Bhomia and Murdiyarso 2021, keeping in mind
that approaches and technology are advancing rapidly, with new datasets becoming available.

Hydrological condition is a key driver of peatland ecosystem processes and may be monitored directly
in the field or from remote sensing EO data'. Both passive (e.g., Soil Moisture and Ocean Salinity —
SMOS and Soil Moisture Active Passive — SMAP) and active microwave data (e.g., C-band and L-band
imagery) as well as passive optical-infrared EO data are suitable for monitoring various aspects of
peatland hydrology depending on the typology. This is an area of active research and there is not a
one size fits all method for monitoring changes in hydrology. However, when accurate, high-resolution
maps of peatland typology are in hand, the types of imagery and products needed to monitor change
are easier to define and apply.

Remote-sensing techniques to characterize peatland hydrology over large spatial extents include
drainage patterns, vegetation inundation extent, surface moisture content and water table position.
These sensing techniques can be conducted with either passive optical-IR (Meingast et al. 2014;
Banskota et al. 2017; DeVries et al. 2017; McPartland et al. 2019) or active microwave sensors
(Bourgeau-Chavez et al. 2005; Bartsch et al. 2007; Evans et al. 2010; Bourgeau-Chavez et al. 2013;
Dettmering et al. 2016; Huang et al. 2017; Bechtold et al. 2018; Millard et al. 2018; Izumi et al. 2019;
Chapman et al. 2020).

see more on the combination of the field and remote-sensed data in FAO, 2020
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Broad peatland complexes may be monitored with either coarse resolution, high repeat (2—3 day) data
such as SMAP or SMOS, or high resolution EO data. Note that radar data are particularly important for
monitoring in the tropics and other areas with frequent cloud cover because they penetrate clouds.
Peatland vegetation structural characteristics and footprints should be matched to specific EO

data types. For example, low biomass, open canopied peatlands are best monitored by the shorter
wavelength radar systems (e.g., ~5.7 cm C-band) and optical-IR data. In contrast, higher biomass
forest canopies from boreal bogs to tropical palm swamp peatlands need longer wavelength radar
systems (e.g., ~24 cm L-band), which have greater capability to penetrate through the forest canopy
and interact with the soil layers, allowing retrieval of hydrologic information from forested peatlands.
Current L-band satellite systems have limited on board storage capacity and downlink stations. This
limits their utility for monitoring. In 2024, two new L-band satellites (JAXA's ALOS-4? and NASA-ISRO'’s
Synthetic Aperture Radar — NISAR?®) are planned for launch and will be freely available. In addition, the
NISAR system will collect global data every 12 days.

In addition to technological advances, national capacities, motivation and system-wide development

are required to support holistic peatland monitoring. Integration of peatlands into national monitoring
systems, such as those for forests or fire risk reduction, are expected to be increasingly needed in the
future (see for more: FAO 2020).

2.7. The Global State of Peatlands

In relative terms, the world's peatlands do not appear to be doing badly. According to the Global
Peatlands Assessment data retrieved from the Global Peatland Database, about 88% of the current
global peatland area is still intact, while a third of all former forest areas on Earth have disappeared
(Crowther et al. 2015). Globally, the area of intact peatlands is decreasing by 0.1% per year, while
primary tropical forests are declining by 0.3%. Global peat volume is also being reduced by 0.1% while
oil reserves are being reduced by 2% annually (Joosten and Clarke 2002).

Our analysis shows that worldwide 487,754,199 hectares of peatlands (including probable peatlands)
exist, of which 12% are degraded to the extent that peat is no longer actively formed and the
accumulated peat is disappearing. Fig. 2.8 shows the percentage of drained peatland area versus
undrained peatland area over the different regions. Yet 500,000 hectares (~ 0.1%) of intact peatlands
are destroyed annually by human activities. This is 10 times faster than the average rate of peatland
expansion during the Holocene (Joosten 2016).

Peatlands are more extensive than previously estimated. The GPA estimations are over 5% greater
than the previous calculations made by Leifeld and Menichetti (2018), where they estimated the global
peatland extent on 463.2 million hectares. They report a total area of “degrading” peatlands of 50
million hectares (11% of total peatlands, of which 5% are in tropical regions, 3% in temperate, 2% in
boreal and <1% in polar regions). These figures fit well with the data from the GPD.

2JAXA's ALOS-4 is the Advanced Land Observation Satellite 4 from the Japan Aerospace Exploration Agency (Japan Aerospace Exploration Agency [JAXA]
n.d)

2NISAR is a joint partnership between the National Aeronautics and Space Administration (NASA) and the Indian Space Research Organisation (ISRO)
(NASA 2019)
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According to FAO (2020), between 20 and 25% of the world’s peatlands have been moderately or
significantly degraded, including ~11-15% that have been drained and a further 5-10% that have been
degraded due to land use or land cover change. This difference with our analysis will result from the
use of different sources and different concepts of ‘degradation’. Furthermore, the GPA statistics do not
generally cover former peatlands that have lost so much peat that they no longer qualify as peatlands.
It is, however, possible that by the use of historical maps (legacy soil maps), especially in Africa, such
areas are still included, e.g., in Madagascar.

Intact peatlands are concentrated in inaccessible areas far from international markets in the
(sub)arctic, boreal and tropical zones. There are huge areas of intact peatlands in North America,
the Russian Federation, Central Africa and Western Amazonia. Modified or impacted peatlands
predominate in the temperate and (sub)tropical zones.

Figure 2.8 Proportion of drained (red) and undrained (blue) peatlands in the world across the different regions (partly including
organic soils). Calculations are based on the drained area for forestry, agriculture and peat extraction.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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2.7.1. Peatlands and Nature's Contributions to People

From a climate perspective, peatlands have contributed to cooling the climate by about 0.6°C during
the Holocene by sequestering CO, and storing carbon for millennia (Frolking et al. 2006; Frolking and
Roulet 2007; Yu et al. 2017).

Drainage, deforestation and other land use changes have had a detrimental effect on many peatland
nature's contributions to people (NCPs) by destroying peatland-specific biota and biodiversity (Yule
2010; Posa et al. 2011), by negatively impacting water supply and regulation (Xu et al. 2018), and by
reducing carbon sequestration and storage and causing net GHG-emissions (Premrov et al. 2021).
This can often eventually deteriorate livelihoods but may also improve livelihoods to the detriment
of the habitat (Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
[IPBES] 2018).

Recent mechanization and industrialization have intensified peatland use. This was initially in
temperate regions and has more recently taken place in the tropics where peatlands have been widely
drained and undergone land use change to provide food, fibre, timber, fodder and fuel (Miettinen et al.
2008; Koh et al. 2011; Erkens et al. 2016; Miettinen et al. 2016; Joosten and Tanneberger 2017; Connolly
2019; Basuki et al. 2021; Tanneberger et al. 2021).

Peatlands provide material goods like water and food. They also make non-material contributions to
people who live near them (particularly Indigenous Peoples and Local Communities - IPLCs) often
holding sacred meaning and cultural value (Gearey and Fyfe 2016; Crump 2017; Lépez Gonzales et
al. 2020). Peat commodities produced by local women have also translated into improved livelihoods
for the wider community and others in the supply chain, directly contributing to gender equality and
poverty reduction. It is important to note that societies (particularly indigenous ones) have interacted
with peatlands for thousands of years and depend upon them for vital goods (Gearey and Fyfe 2016;
Crump 2017).

2.7.2. Drivers of Peatland Degradation

The central role of water in the functioning of peatlands makes them particularly vulnerable to
disturbances, like drainage and land use change, that may significantly alter the water table (Bourgeau-
Chavez et al. 2017).

The main direct anthropogenic driver of change in peatlands is drainage for agriculture and
afforestation. Other threats facing peatlands include road construction, reservoir creation, oil sands
mining, overgrazing and pollution. Europe is a global degradation hotspot, because of widespread land
use change to agriculture, forestry and peat extraction. Fig. 2.9a shows the global hotspots of mainly
agriculture driven peatland degradation. Next to Europe major hotspots are NE China, SE Asia and

the American Midwest. Fig. 2.9b, in contrast, shows the peatland areas where "low impact” prevails,
especially the extensive northern peatlands. Little disturbed peatlands are conspicuously missing from
the hotspots of Figure 2.9a.

Climate change is an indirect anthropogenic driver of peatland degradation particularly in areas with
extensive permafrost thawing and where wildfires are becoming more common (Frolking et al. 2011).
The high northern latitudes, where peatlands are most abundant, are predicted to continue to be
among the areas most strongly affected by climate induced changes in temperature and precipitation
(Chapin et al. 2000; IPCC 2021). However, permafrost thaw also leads to renewed and expanding
peatland areas. Similarly, changes in precipitation rates and frequency will affect peatlands differently
in different parts of the world. For example, increased drought can regionally be expected to reduce the
carbon storage capacity of peatlands while increased rainfall will speed up development of peatlands
in other locations.
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Figure 2.9. Hotspots of Global Human Impact on peatlands. Figure 2.9a: high impact or areas heavily influenced by humans and
Figure 2.9b: low impact or areas lightly influenced by humans.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
For more details on the methods and references used for this map, see Annex 1.3 Production of Thematic Maps.
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2.7.3. Peatland Emissions

Because of the enormous density of carbon stored in peatlands, peatland drainage and degradation
cause globally significant GHG emissions. As oxygen enters the upper peat layers, microbial
degradation leads to a rapid loss of the peat and emissions of mainly CO, and nitrous oxide (N,0O)
to the atmosphere. When burning and smouldering, dry peatlands release a host of other gases. In
addition, degraded peatlands lose carbon through dissolved and particulate carbon to water ways.
This then partly oxidizes and contributes CO, and methane (CH,) to the atmosphere with a smaller
fraction reaching the oceans.

Our global estimate arrives at a total volume of emissions from degraded peatlands of more than
1,940 Mt CO,e per year, without peat fires, i.e., ~ 4% of total global anthropogenic GHG emissions

(Evans et al. 2021; UNEP 2021; IUCN 2022) (for methods see Annex Ill). Fig. 2.10 shows the global
distribution of peatland emissions per country.

Leifeld and Menichetti (2018) estimated the global area of degraded peatlands to emit ~ 1,910 Mt CO,e
per year (also without emissions from peat fires). In addition, there is a highly variable (and difficult to
quantify) amount of greenhouse gas emissions from peat fires and smouldering fires in the order of
magnitude of an annual average of 500 to 1,000 Mt COe per year (Joosten 2009; Rossi et al. 2016;

van der Werf et al. 2017). There is evidence from the tropics that severe droughts will next to CO, also
increase CH, emissions from fires, particularly from degraded peatlands (Field et al. 2016).

Countries with large GHG emissions from peatlands are found all over the world. 85% of the emissions
are caused by 25 parties to the UNFCCC (Fig. 2.11). The emission distribution per continent/region is
presented in Fig. 2.12.

For various countries, peatland emissions constitute a considerable proportion of their total national
emissions (Fig. 2.13) illustrating the relevance and urgency to include peatland and their emissions in
their Nationally Determined Contributions (NDCs).

It is predicted that if emissions from drained peatlands continue to be released at this rate until 2100,
hey will consume 41% of the GHG emission budget that still remains to keep global warming below
+1.5°C, and 12% of the GHG emission budget that still remains to keep global warming below +2 °C
(Humpendder et al. 2020). Furthermore, the drier conditions that develop after peatlands are drained
will make this emissions situation worse as they will increase the risk and frequency of carbon-
emitting wildfires. Along with producing massive emissions, smouldering peat fires are causing
widespread haze with deleterious effects on human health (Marlier et al. 2019; Graham et al. 2020).
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Figure 2.10. Emissions from peatlands degraded by forestry, agriculture and peat extraction per country (microbial respiration only, without fire; including CO,, CH,, N,0, DOC, and emissions from
ditches. Data have been derived from multiple sources. Numbers may change with future assessments, but the order of magnitude will probably stay the same for many countries (especially for
developed countries and main emitters).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre. For more details on the methods and references used for this map,
see Annex I11.3 Production of Thematic Maps.



Figure 2.11. Estimated global greenhouse gas emissions from degraded peatlands from top 25 countries. Calculations are based
on the peatland drained area for forestry, agriculture and peat extraction and IPCC (2014) emission factors including CO,, CH, N,O,
DOC, and emissions from ditches. Includes only net, on-site GHG emissions. Wildfire emissions are not included.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.

Figure 2.12. Proportional distribution of peatland GHG emissions (without fires), based on the area figures for degraded peatlands
and relevant emission factors.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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Figure 2.13. National emissions from forestry, agriculture and peat extraction on drained peatland (elaborated for this study; incl. CO,, CH, N,0, DOC, emissions from ditches; see Annex Il) as a
percentage of their national emissions from fossil fuels and cement (the latter as being reported for 2020 by the Global Carbon Project). Data have been derived from multiple sources. Numbers may
change with future assessments in detail, but the order of magnitude will probably stay the same for many countries (especially for developed countries and main emitters).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre. For more details on the methods and references used for this map,
see Annex 1.3 Production of Thematic Maps.
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2.7.4. Effects of Peatland Drainage/Degradation Beyond Climate Damage

There are many problems associated with peatland drainage beyond climate damage. The lowering
of water levels leads to an immediate reduction in evapotranspiration cooling in the landscape and
the loss of peatland specific biodiversity. Nitrogen mineralization by peat oxidation leads to nitrate
emissions and eutrophication of downstream rivers, lakes, and ultimately seas and oceans (Joosten
2022).

Because peat consists largely of water, drainage also causes compaction of the peat body.
Compaction and oxidation change the hydraulic properties of the peat, reducing the water storage
capacity of the peatland and its capacity to regulate runoff. Drained peatlands lose, through peat
oxidation, between a few millimetres to several centimetres of peat thickness per year. This results

in damage to roads, sewer systems and buildings (Erkens et al. 2016; Van den Born et al. 2016; Zeitz
2016; Joosten 2022). In coastal areas, peatland subsidence increases the risks of flooding and
saltwater intrusion. This, in combination with rising sea levels resulting from global warming, creates a
particular threat to the dense populations that are often found near the shore.

Significant parts of Malaysia and Indonesia will be flooded by the sea in the next decades due to

rapid peatland subsidence and sea level rise (Hooijer et al. 2015). Diking, poldering and pumping, i.e.,
the interim solution tried in the Netherlands, Germany, England, California or Florida, will not work

in coastal Southeast Asia because of the extensive peatland areas and the enormous amounts of
rainfall. Such tactics will only somewhat delay the inevitable abandonment of drainage-based land use
(Dommain et al. 2016).

In more continental and warmer climates, the frequent water level fluctuations in drained peatlands
lead to the formation of cracks in the drained peat. This prevents capillary water supply and leads to
even more frequent and deeper drying of the soil. A loose, fine-grained, water-repellent topsoil then
develops that can only support a limited range of extreme dryland species (Joosten et al. 2016b; Zeitz
2016). Within a few decades, millions of hectares of peatland in Eastern Europe have been turned

into dry deserts in this way. Drainage-based peatland use may thus also eventually frustrate peatland
agricultural livelihoods (Joosten et al. 2012).

There may be new pressures in the future that may intensify peatland utilization and degradation. For
example, in the Democratic Republic of the Congo (World Data 2022), the government has launched
in late July (28"-29™ July 2022) the tendering process for 27 oil blocks to drill in the Congo Basin, of
which three cover the central Congo peatlands (Lewis et al. 2022). Similarly, there is competition for
land, e.g., in Europe, for onshore renewable energy generation.

2.7.5. Protection State

This GPA has also produced a map of peatlands located within and outside of protection areas (Fig.
2.14) using the World Database on Protected Areas (WDPA)*. The WDPA is the most comprehensive
global database on terrestrial and marine protected areas. A wide range of data providers, including
governmental and non-governmental organizations help to compile the WDPA, which accepts data
on protected areas as defined by IUCN and the CBD (United Nations Environment Programme World
Conservation Monitoring Centre [UNEP-WCMC] 2019).

The map shows that in Asia and North America only a small proportion of peatlands are protected. In
contrast, peatlands in Antarctica are almost all protected. Ratios on other continents are somewhere in
between. However, even if peatlands are located in protected areas, this does not mean that they are in
a good condition. Nor does it mean that they are actively managed or restored.

4The WDPA is a joint project between UNEP and IUCN, managed by UNEP-WCMC. https://www.unep-wcmec.org/resources-and-data/wdpa
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Figure 2.14. Peatlands located both within and outside protected areas.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre. For more details on the methods and references used for this map,
see Annex 1.3 Production of Thematic Maps.



2.8. Global Diversity of Peatlands

Peatlands host a diversity of habitats ranging from northern bogs and fens to tropical swamp

forests. These habitats, in turn, are rich in biodiversity and include many endangered species, such as
orangutans in the tropical peatlands of Southeast Asia, Western Lowland Gorilla in the Congo Basin
and Aquatic Warbler of Central Europe (Crump 2017). Peatlands also support animal species from
other habitats that use them intermittently (Minayeva and Sirin 2012). In the case of bird species,
peatland habitats often work as stopover sites during migration routes, offering food and refuge (Bonn
etal. 2016).

Fig. 2.15 shows the levels of species richness supported by peatlands worldwide and the hotspots of
species richness on peatlands for mammal, bird, amphibian and reptile groups.

Peatland development is a function of climate, substrate, topography, vegetation and time (Yu et al.
2009) and, consequently, peatlands are very diverse in terms of appearance, species composition and
associated ecosystem processes. Peatlands are also diverse in their relief forms and surface patterns
(see Fig. 2.16) and, as a result, they essentially share only one characteristic worldwide: the presence
of a peat layer.

Figure 2.15. Hotspots of species richness on peatlands.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
For more details on the methods and references used for this map, see Annex 1.3 Production of Thematic Maps.
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The botanical composition of the peat, however, shows a clear general geographical pattern. In
Northern cold (subarctic and boreal) and wet and cool (oceanic) regions, mosses control peat
formation. Mosses lack water-conducting vascular tissues and roots, so they only produce substantial
biomass when the water level remains close to their growing points and evapotranspiration is
restricted during their growing season. Furthermore, the cold and wet conditions in these climate
zones restrict mineralization and nutrient cycling, which suppresses the competitive growth of taller
and deeper rooting vascular plants. In temperate-continental and subtropical parts of the world, above-
ground plant remains decompose too quickly at the warm and well-aerated mire surface and the
warmer and drier climate forces peat formation to ‘go underground'. In these areas, peat accumulates
in the first few decimetres below the surface by rhizomes and rootlets of grasses, sedges and other
plants being inserted into the older matrix. In tropical lowlands, peat is formed even deeper under the
surface by the deep-rooting lignin-rich roots of tall forest trees. In the most southern land occurrences
of the world, such as in Tierra del Fuego (S-America), the Subantarctic Isles, Tasmania and New
Zealand, the harsh, extremely oceanic and windy climate also gives rise to the accumulation of
“underground” root peats, often produced by “cushion plants”, from various botanical families (Table
2.2). Despite their wide geographic distribution and ecological diversity, all peatlands provide important
ecosystem services at global and local scales.

Differences in climate, water sources, nutrient status, chemistry and vegetation determine the rich
variety of peatland types worldwide. A common distinction is between ‘bogs’ and ‘fens’, the former
only being fed by precipitation (ombrotrophic) and consequently acidic, mineral- and nutrient-poor.
The latter also receive surface or ground water that has been into contact with the mineral subsoill
(minerotrophic) and is generally less acidic and less nutrient poor. A ‘transitional mire’ (or ‘poor fen’, a
very abundant peatland type in the northern hemisphere) receives acidic nutrient-poor minerotrophic
water and functions hydrologically like a fen but has vegetation and hydrochemistry similar to that of
a bog.

Table 2.2 Characteristic peat forming plants in different parts of the World
Source: modified after Prager et al. 2006.

Dominant : . .
] Dominant peat formers Dominant peat forming
Climate peat formers — lant parts
(physiognomy) y plantp
Northern Arctic / Boreal/ Mosses Sphagnaceae, Hypnales Stems, branches, leaves
Oceanic-temperate
Continental- temperate / Reeds, sedges Poaceae, Cyperaceae, Rhizomes, rootlets
Subtropical Equisetaceae, Restionaceae
Tropical Trees Dipterocarpaceae, Palmae, Roots (and above-ground
Euphorbiaceae, Meliaceae, parts in case of tip up pools,
Clusiaceae, Annonaceae, Dommain et al. 2015)
Bignoniaceae, etc.
Southern Antiboreal, Cushion plants Asteliaceae, Stylidiaceae, Roots
Subantarctic/extremely Restionaceae, Cyperaceae,
oceanic Juncaceae, Plantaginaceae,

Montiaceae, etc.
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Arctic

Subarctic/Boreal

Temperate

Tropical

High mountain
(tropical)

Southern
temperate/
antiboreal/
sub-antarctic

Undifferentiated

a) Bird top, Svalbard

d) Palsa mire, Sweden

g) Blanket bog, Spain

j) Shorea swamp, Brunei

m) Espeletia mire, Colombia

p) Buttongrass moor, Tasmania

s) Terrestrialisation mire, Iran

b) Low-centre polygon, Canada

e) Peat plateau mire, Russia

h) Raised bog, Argentina

k) Mauritia swamp, Peru

n) Dendrosenecio mire, Uganda

q) Astelia bog, Argentina

t) Water rise mire, Kazakhstan

¢) High centre polygon, Can.

f) Aapa (string) mire, Russia

i) Percolation fen, Kamchatka

) Papyrus swamp, Botswana

0) Tibetan plateau mire, China

r) Sphagnum mire, lle Adam

u) Mangrove mire, Mexico

Figure 2.16 Images of some representative peatland types to illustrate diversity across the world and their characteristic occurrence.

Photos: Hans Joosten: a, d, e, j, |, m, p, q, s, u, Steve Zoltai: b, ¢; Katja Hahne: h; Michael Succow: i, w; Outi Ldhteenoja: k; Rene
Dommain: n; Martin Schumann: o; Jennie Whinam: r.

61



2.9. Peatland Carbon Stock

As a result of the carbon density of the peat and the depth of the peat layer, peatlands hold more
carbon per hectare on average than all other ecosystems, making them the largest carbon stock of the
entire terrestrial biosphere (Temmink et al. 2022).

Recent estimates of the total amount of carbon (the carbon stock) in global peatlands converge in the
range of 450,000 to 650,000 Mt of carbon (FAO 2020). This includes northern peatlands estimated at
400,000 to 550,000 Mt of carbon (Gorham 19971; Yu et al. 2010; Hugelius et al. 2020), tropical peatlands
estimated at 100,000 Mt of carbon (Page et al. 2017; Dargie et al. 2017) and southern peatlands
estimated at 15,000 Mt of carbon (Yu et al. 2010). The three approaches to estimate peatland carbon
stocks (reviewed in Yu 2012) all require information on peatland area and, as such, reliable mapping of
peatland extent is critical. The time history approach integrates carbon accumulation rates as derived
from peat cores with peatland areas and time to arrive at the peatland carbon stock (e.g., Yu et al.
2010). The peat volume approach combines estimates of average peat depth with peatland area to
calculate the total peat volume, and then uses bulk density and carbon concentration data to convert
volume to carbon (e.g., Gorham 1991). The carbon density approach uses bulk density and carbon
concentration from peat profiles to a certain depth (e.g., the top 1 m or 3 m) to estimate total carbon
amount per unit area and then multiplies this amount by the peatland area to calculate the soil carbon
stock (e.g., Armentano and Menges 1986).

However, carbon stocks in tropical areas are less well-known and new peatland discoveries have been
made in remote tropical regions in recent years, including in the Amazonian Basin and the Congo
Basin (Draper et al. 2014; Dargie et al. 2017; Elshehawi et al. 2019; Peters and Tegetmeyer 2019). The
importance of the enormous carbon stocks of peatlands have meanwhile been recognized (Crezee et
al. 2022; Hastie et al. 2022).

Reliable estimates of peatland carbon stocks are not yet available for all countries of the world. The
latest full global overview (Joosten 2009) has, where more specific national data were absent, provided
indicative values of national peatland carbon stocks that are based on the estimated peatland area, the
physical characteristics of the country and global averages of peat depth and carbon content.

Knowing the total volume of peat and peat carbon in a country is, however, not of the highest priority
for climate change decision-making, as the deeper peat layers will not immediately be mobilized (or
may never be because some are deep below sea level). Microbial peat oxidation as well as peat losses
associated with peat fires and wind and frost erosion concentrate on the uppermost peat layers. Only
where gully erosion is relevant, e.g., in mountainous areas such as in the United Kingdom, Ireland,
Lesotho and the Tibetan Plateau, deeper peat layers are mobilized.

Most relevant for shorter-term decision making with respect to GHG emissions from peatlands is the
total area of peatland in a country and the status (pristine, drained, eroding) in which these peatlands
occur. It is only when the spatial extent of peatlands is clarified, and their specific types and status
are known, that the effects of land use change and other stressors on greenhouse gas emissions and
carbon (C) stocks can be accurately quantified as a basis for inclusive, gender-responsive land use
planning and management.

In this respect it is worth noting that conventional peatland definitions use to be informed by
agricultural considerations (e.g., plow depth), not by climate concerns. Most countries use a threshold
between 20 and 50 cm of peat depth. In contrast, a hectare of land with 10-15 cm of peat thickness
(which has a peat carbon stock of 60 — 90 tons or more of carbon per hectare, Dommain et al. 2011;
Warren et al. 2012; RoRkopf et al. 2015) already has a stock that equals or surpasses the threshold of
30-75 tons of above-ground biomass carbon per hectare used to define a High Carbon Stock (HCS)
tropical forest (Raison et al. 2015). Thus, similar to HCS forests, shallow peatlands also deserve
protection for climate change mitigation (cf. § 2.4, Fig. 2.2).
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Regional Highlights

Key Facts

KEY REGIONAL DATA PRODUCED FOR THE GLOBAL PEATLANDS ASSESSMENT 2022!

Total peatland area (hectares)
Peatland cover over total region surface area (%)
Degraded peatlands (%)

Annual GHG emissions from peatlands (Megatons of
carbon dioxide equivalent emissions per year)

Undegraded peatlands (%)

Peatlands within protected areas (%)

Top 5 Countries with largest peatland area (hectares)

39,037,313 ha
1.3%
8.3%

130.1 Mt COe / yr

91.7%
34.8%

1. Democratic Republic of the Congo (18,157,111 ha)
2. Republic of the Congo (9,540,799 ha)

3. Nigeria (2,155,663 ha)

4. Zambia (1,565,696 ha)

5. Angola (891,630 ha)

ADDITIONAL DATA

Total peatland carbon stock?® (Megatons of carbon)

Threatened peatland species* (VU = vulnerable;
EN = endangered; CR = critically endangered)

Ramsar Wetlands of International Importance with peat®

36,896 Mt C

Flora: 66 VU, 80 EN, 30 CR
Fauna: 81 VU, 66 EN, 31 CR

31 sites (7.3% of total Ramsar sites in Africa)

' Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.

2Joosten, H. (2009). The Global Peatland CO, Picture. Peatland status and drainage associated emissions in all countries of the World. Wetlands International,

Ede, 10 p. + tables.

3Crezee, B, et al. (2022). Mapping peat thickness and carbon stocks of the central Congo Basin using field data. Nat. Geosci. 15, 639-644

“Data extracted from the [UCN Red List of Threatened Species.
°Data extracted from the Ramsar Sites Information Service.



https://www.iucnredlist.org
https://rsis.ramsar.org/

There are significant knowledge gaps on peatlands mapping and assessment in the Africa region.
The following maps, charts and tables summarize the current best estimates (see Annex Il for the
methods used to collect the data and information for this assessment).

Peatlands are widely distributed across the region of Africa, with particularly significant peatlands

in the Congo Basin. Most of these peatlands host tropical rainforest, which helps explain why most
have not been well studied. Although considerable uncertainties remain, it is estimated that peatlands
cover 39,037,313 hectares. This represents 8% of global peatlands. Republic of the Congo (Congo) and
Democratic Republic of the Congo (DRC) together account for the majority of peatland extent in the
continent. Despite the recent mapping of peatlands in the Congo Basin which are currently healthy and
intact (Dargie et al. 2017; Crezee et al. 2022), many peatlands across Africa are being destroyed and
degraded at an alarming rate, creating a pressing need for action to restore, conserve and sustainably
manage these crucial habitats. Peatland degradation has been reported in all of the African countries,
with twelve countries reporting that more than 50% of their peatlands are degraded. The resulting
annual GHG emissions are 130.1 Mt CO,e per year, with eight countries alone being responsible for
50% of those emissions. This compares to annual emissions of 5682 Mt CO,e for Europe and 89.4 Mt
CO.e for North America.
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3.1. Biomes and Ecological Zones

Africa is the second largest landmass on earth. It is a continent with diverse landscapes ranging from
the world’s largest desert, the Sahara, to snow-capped mountains on the equator such as Mount
Kilimanjaro and Mount Kenya. An abundance of different peatland types occurs across the continent.
These are mostly associated with other types of wetlands including large systems like the Sahelian
floodplains (e.g., the Niger) in West Africa and the Sudd in South Sudan. The world’s largest inland
delta, characterised by a pristine wetland system, the Okavango Delta, occurs at the heart of the
Kalahari Desert in Botswana (Wehberg 2013). A significant amount of tropical forests that occur in
the Central Congo Basin are reported to be peatlands with the largest coverage of peat deposits in the
tropics to date (Dargie et al. 2017; Sonwa et al. 2022), which helps explain why most have not been well
studied (Fig. 3.1). The equatorial lakes of the Great Rift Valley in East Africa also contribute to this rich
diversity of Africa’s peatlands (Nile Basin Initiative [NBI] 2020). So too do the alpine mires of Ethiopia,
Lesotho, South Africa, Tanzania and Rwanda (Grundling and Grobler 2005; Grundling and Grootjans
2016).

Figure 3.1. The distribution of African peatlands according to aggregated FAO Global Ecological Zones.
Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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Figure 3.2. Major peatlands in Africa and their currently known distribution (partly including organic soils).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre. For more details on the methods
and references used for this map, see Annex Ill. Production of the Global Peatland Map 2.0.



3.2. Peatland Distribution and Extent

According to the global dataset produced for the GPA (see Chapter 2), peatlands in Africa are
estimated to cover a total area of 39,037,313 hectares. Peatlands are widely distributed across the
region, with particularly significant peatlands in the Congo Basin and in the locations shown in the
inset maps in Fig. 3.2. Notably, four countries have more than one million hectares of peatlands,
namely: Democratic Republic of the Congo, Republic of the Congo, Nigeria and Zambia.

Fig. 3.3 shows African countries with over 100,000 hectares of peatlands. Congo and Democratic
Republic of the Congo together account for a significant extension of the peatlands in the continent.

In the following sections, insights from subregions of the continent are given as examples. These
examples are not aimed at covering the whole of the subregion.

Figure 3.3. Top-10 countries holding the largest area of peatlands in Africa. Source: Global Peatlands Assessment data retrieved from
the Global Peatland Database compiled by the Greifswald Mire Centre.
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3.2.1 North Africa

There are further details on peatland areas in three countries of the Maghreb region: Morocco,

Algeria and Tunisia. These areas include alder swamps, Sphagnum fens (particularly prominent in the
Northern Morocco region) and peaty heathlands of Erica scoparia in Northern Tunisia and Northeastern
Algeria (Dahlgren and Lassen 1972; Meddour and Laribi 1999; Ferchichi-Ben Jamaa et al. 2010;

Ghit et al. 2018; Muller et al. 2022). In the Oriental part of Tunisia, peatland formation has also been
documented in the Saouef Formation. These peatlands are covered with wet swamp forest vegetation.
The peatlands of the Saouef Formation have developed in flood basins situated between alluvial ridges
(Radhwani et al. 2022).

3.2.2. Western Africa

There are important data gaps in this subregion and further field work is needed to fill these gaps.
Large potential peatland areas have been identified in West Africa, among others in Cote d'lvoire and
Nigeria, in riverine floodplains, Raphia-dominated peat swamp forests and mangroves (Barthelmes
etal. 2015). According to Barthelmes et al. (2015) hydromorphic soils in Céte d'lvoire include alluvial
organic soils on floodplains along riverbanks, partly with organic accumulations. Also, peat deposits
have been identified in mangroves on the coast of Cote d'Ivoire, particularly along the San-Pedro
Stream. Lastly, in the areas close to the cities of Grand Béréy and Tabou in Cote d'lvoire, peaty soils
with Symphonia and Raphia forests and mangroves were identified (Barthelmes et al. 2015).

3.2.3. Central Africa

Peatlands in Central Africa typically occupy riverine areas or lay within large interfluvial basins (Crezee
etal. 2022). Peat is frequently found under much rarer palm-dominated swamp forests that occupy
some old river channels (Dargie et al. 2017). The DRC and the Republic of the Congo host the largest
tropical peatland complex in the world covering 16.76 million hectares. This represents 36% of the
world’s tropical peatlands (Crezee et al. 2022). The Central Congo Basin (Cuvette Centrale) peatland
complex is estimated to store about 29,000 Mt C within its peat soil. The median peat thickness is
1.7+ 0.9 m across the complex, with a maximum depth of 5.9 m. Two common vegetation types exist
in the central Congo Basin peatland complex namely hardwood swamp forests and palm dominated
swamp forests. The area is covered by two very large Wetlands of International Importance, Lake Télé
in Congo, covering 438,960 hectares, and Ngiri-Tumba-Maindombe in the DRC, covering 6,569,624
hectares, being the second largest transboundary Wetland of International Importance in the world
(Crezee et.al. 2022). These two Wetlands of International Importance contain the largest continental
freshwater body in Africa, making it one of the most important wetlands in Africa. In line with the
Brazzaville Declaration, the Lake Tele/Lake Tumba Memorandum of Understanding, and the Binational
Plan of Action on the Sustainable Management of the two lakes, the Republic of the Congo and

DRC are working together for the development and promotion of a land use model that favours the
sustainable management of peatlands and economic development of local communities in the Lake
Télé and Lake Tumba landscape.

These peatlands largely depend on the rainfall regime of the entire Congo Basin. There is limited
evidence that the boreal summer dry season in the Congo basin is lengthening (Jiang et al. 2019).
This may be due to trends in atmospheric and oceanic oscillation systems the Atlantic Multidecadal
Oscillation, the North Atlantic Oscillation, and the Southern Oscillation Index (Ibiassi Mahoungou et al.
2017; Ibiassi Mahoungou 2018).
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For Central Africa, IPCC (2021) states that ecological drought may have increased, albeit with a low
confidence. The observed downward trend for precipitation cannot be attributed to climate change, but
rather to direct human influence, e.qg., deforestation (IPCC 2022; IPCC n.d.).

3.2.4. Eastern Africa

The region is estimated to host 5 million hectares of peatlands, representing close to 13% of the total
peatland area in Africa. Several countries in Eastern Africa host peatlands, including Uganda, South
Sudan, Rwanda, Ethiopia, Burundi, Tanzania, and Kenya (NBI 2020; NBI 2022). In Eastern Africa,
peatlands can be found fringing lakes, across swampy riverine plains and in deep valley bottoms as
well as in the highlands.

Natural peatland vegetation is often dominated by papyrus (Cyperus papyrus), but also includes
Sphagnum moss, grasses, reeds, palms and forest, with plants either anchored into the soil or floating
on the water surface (Elshehawi et al. 2019a). Papyrus is often present in the form of a floating mat
that can be up to one meter thick (Kayendeke et al. 2018, Elshehawi et al. 2019a). The floating mat
thickness is usually at its minimum at the fringes and reaches its maximum towards the middle while
the average mat thickness changes through wet and dry seasonal cycles (Kayendeke et al. 2018).
Below the water column, a peat layer can be present at the bottom, varying in thickness from a few
centimetres to several meters (Langan et al. 2018; Elshehawi et al. 2019a).

The extent and depth of Eastern Africa’s peat soils is still to be fully documented but known depths
appear to vary spatially, with the greatest depths reported from the valley bottom wetlands of the
Kigezi highlands in Uganda where peat can reach over 20 meters in depth (Hamilton and Taylor 1986).
The peatlands of the Nile Basin store approximately 4,200—10,000 Mt of carbon, equivalent to 5—10 %
of the known tropical peat carbon stock (Elshehawi et al. 2019a).

Conversion of Eastern Africa’s peatlands typically involves drainage for use in small-scale commercial
rice and potato cultivation, subsistence farming or cattle grazing (lyango et al. 2005). Peatland
conversion in Uganda is expected to lead to annual emissions of about 8 Mt CO,e for the period of
2015-2035 (Elshehawi et al. 2019a).

Figure 3.4 Potato fields on peat soils in Uganda.
Photo: Jenny Farmer
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Figure 3.5. Areas reclaimed by farmers through burn and slash for cattle grazing in Bor, South Sudan (left). Burned peat within the
floating mat (right).
Photos: Samer Elshehawi

It is estimated that peatlands within the Sudd wetlands in South Sudan cover approximately 863,000
hectares, i.e., about 30% of the total peatland area of the entire Nile Basin, and 20% of its total peatland
carbon stock (Elshehawi et al. 2019).

3.2.5. Southern Africa

A variety of peatland types occur across the Southern African landscape, with the South African
peatlands being most studied and used here as an example. Both forested and non-forested peatlands
can be found. The region is estimated to host 527,000 hectares of peatlands, representing 1.3% of the
total peatland area in Africa.

A total of 120,000—121,128 hectares of peatlands have been mapped for South Africa, including 10%
of forested peatlands (Grundling et al. 2021; Van Deventer et al. 2021). The majority of the peatlands
are within the subtropical-temperate coastal forested wetlands of South Africa, along the east coast of
the country (Van Deventer et al. 2021). Their occurrence stretches from the uMtamvuna Estuary in the
south at the border between the Eastern Cape and KwaZulu-Natal Provinces and the uThukela Estuary
northwards, in narrow bands along the wetlands. Further north of the uThukela Estuary towards the
border with Mozambique, forested peatlands (floodplain, swamp and riverine forest subtypes) become
more extensive in cover on the Maputaland Coastal Plain, which host 97% of all forested peatlands

of South Africa (Van Deventer et al. 2021). In the most recent national assessment of South African
freshwater ecosystems, these swamp forests were proposed for red listing as their range is restricted
and they show evidence of ongoing decline (Van Deventer et al. 2021).

Wetlands on the Maputaland Coastal Plain are predominantly aquifer dependent and, during drier
periods, become accessible to people from local communities who clear land for subsistence crop
production in the peat soils (Silva 2004; Grundling and Grobler 2005). In addition, an increase in

the areal extent of timber plantations on the Maputaland Coastal Plain in the past decade near the
peatlands has caused a lowering of the regional water table. This, combined with extreme drought
events, has resulted in increased desiccation of all peatlands in the region (Pretorius 2019; Grundling et
al. 2021; Van Deventer et al. 2021).
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In Botswana, the Okavango Delta peatlands are formed in three different settings in the Okavango
valley. These include the backswamp settings where the open water coming from the highlands in
Angola is converted into homogeneous emergent peatlands, the lake and channel margins where
peat is deposited, and the inlets to lakes that connect to the main channel of the Okavango-Ngoga-
Maunachira River system (Ellery and Ellery 2022).

Box 3.1. Upland and High-altitude Peatlands

The highlands of Africa host a variety of peatlands ranging from the alpine mires of the

Bale Mountains in northern Ethiopia and the Maluti Mountains in southern Africa to the

tropical peatland of Rugezi in the Buberuka highlands of Rwanda, the afroalpine mires of
Rwenzori Mountains on the borders of the Democratic Republic of the Congo and Uganda

and Kilimanjaro, Tanzania in East Africa. These peatlands are typically associated with the
headwaters of major rivers in Africa and occur at altitudes between 2,000 and 4,100 meters
above sea level (m.a.s.l.). The higher altitude peatlands (above 2,750 m.a.s.l.) in the lower
latitudes are typically small in extent (2—10 hectares) with maximum peat thickness ranging
from 3 m (Bale) to 6 m (Maluti). Though small, they can cover extensive hillslopes and valleys
in these mountainous landscapes and are often groundwater fed. In contrast, the tropical
peatlands close to the equator, such as the Rugezi Mire, occur in mountainous valleys at lower
altitude (above 2050 m.a.s.l.) and are mostly rainwater fed. The Rugezi peatland covers an area
of 6,735 hectares and the peat in the northern part of the mire is comprised of sedge peat while
the peats in the central and southern parts are dominated by Miscanthus violaceus to a depth
of 7. m, with some Sphagnum peat in the top 0.5 m in the south-western section. Maximum
peat thicknesses is estimated to be between 12 and 20 m with an inferred peat volume of at
5.25x10® m? (Chantanga and Seleteng-Kose 2021; Kahlolo et al. 2021).

These highlands peatlands are not always easily accessible and, for this reason, are less
prone to intensive agricultural practices. What they are exposed to is livestock ranching, which
can lead to overgrazing and erosion. They are also often targeted for hydroelectric power
generation and water storage as they are located in areas of high rainfall and form natural
water towers in drier areas. The difficult accessibility of these sites also means that they are
not always well studied. There is little information about the extent of these peatlands across
the highlands and mountains of Africa and their contribution to biodiversity, ecosystem
services and the threats related to their use (Chantanga and Seleteng-Kose 2021; Kahlolo
etal. 2021).
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3.3. Biodiversity, Nature's Contributions to People and Hotspots
of Value

The chapter contains some examples from most studied regions, focusing first on biodiversity, then
nature's contributions to people and finally identifying some potential hotspots for focus, even though
in Africa their definition would require some further work.

3.3.1. Biodiversity

Peatland vegetation is adapted to anoxic wet conditions. These plants engineer their ecosystems
through feedback mechanisms and offer unique specialized biodiversity. A few examples of African
species are described here.

One of the special peatland plants in Africa is Prionium serratum (Palmiet) (Fig. 3.6). This plant thrives
in undrained valley-bottom peatlands. Palmiet is a unique species, endemic to South Africa, one of only
four in its family (Thurniaceae). It is an ecosystem engineer, a species that exerts disproportionate
influence on an ecosystem (Rebelo et al. 2017). Palmiet peatlands are mainly found in the narrow
valleys of the Cape Fold Mountains, with measured peat ranging from 0.5—10 m deep. The deepest
deposits are between 5,050 and 5,620 years old (Rebelo et al. 2017).

Another example of a specialized species is present in the Bale Mountain mires in Ethiopia. These
mires are dominated by tussocky Carex species and locally also by the cushion plant Eriocaulon
schimperi (Dullo et al. 2015). The cushion plant also occurs in other parts of eastern Africa in mountain
areas at altitudes between 2,000 and 4,100 m.a.s.l.

Figure 3.6 A palmiet peatland in the Viyeboom area, above the Theewaterskloof Dam, Western Cape, South Africa.
Photo: Cape Winelands Biosphere Reserve.
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For the central Congo Basin, there is a lack of scientific knowledge on the peatland biodiversity
including its plant communities, although recent research has shown that the tree species are typically
generalists that can tolerate waterlogging (Dargie 2015; Crezee 2022). This is due to the inaccessibility
of the Cuvette Centrale peatland complex and a lack of systematic surveys since the 1960s (Biddulph
etal. 2021). However, the Cuvette Centrale peatlands in the Congo Basin have long been known as
important habitat for megafauna populations, including substantial numbers of Lowland Gorilla (Gorilla
gorilla gorilla), Forest Elephant (Loxodonta cyclotis), Chimpanzee (Pan troglodytes) and Bonobo (Pan
paniscus). Allen's Swamp Monkey (Allenopithecus nigroviridis) is endemic to the Congo basin favouring
swampy and riparian habitat (Maisels et al. 2006). The Dwarf Crocodile (Osteolaemus tetraspis) also
finds refuge in these peatland swamp forests (Fay and Agnagna 1991; Rainey et al. 2010; Inogwabini et
al. 2013). Research into less emblematic species within the peatlands is limited (Biddulph et al. 2021),
but Indigenous Peoples and Local Communities likely have further knowledge of this biodiversity.

In Eastern Africa, papyrus provides critical biotopes for the reproduction of fish and birds, including
some endemic bird species like the endangered Shoebill (Balaeniceps rex) (Pacini et al. 2018). In South
Sudan, the Sudd marshes harbour most of the world's Shoebill population. It is estimated that a world
population of 5,000—8,000 birds remain, of which 5,000 Shoebills are thought to live in South Sudan
(Dodman 2013).

On the west coast of Africa, swamp forests act as important refuges for threatened primates and
felids (Nowak 2013).

Southern African peatlands provide crucial habitat for diverse fauna. The peatlands of the central

and western Highveld of South Africa are underlain, and geologically controlled, by the dolomites of
the Malmani Lithological Group. The surface geomorphological features of the dolomites can often

be related to the subsurface water-bearing characteristics (e.qg., the valleys of surface drainage, in
which the peatlands occur and coincide with karstified dolomite (Bredenkamp 1995). These karst
mire systems provide crucial habitat for many endemic and endangered species, including unique fish
species, particularly Barbus (Enteromius) cf. brevipinnis. Further, these wetlands produced several new
fish distribution records for South Africa and 21 species new to science. The results of the ostracod
(including crustaceans) survey from these systems shows that of all the species found, 30% are new
to southern Africa and one species is new to science (Skelton et al. 1994).

Certain antelopes, such as Lechwe (Kobus lechwe), Puku (Kobus vardoni) and Sitatunga (Tragelaphus
spekii), are associated with African swamps and marshes and have narrow distribution ranges. Further
research on the role of peatlands and swamp forests in the ecology and persistence of threatened
mammals is needed.

On the Kenyan coast the following species occur in a biotope with mangrove peat: Nassarius
coronatus, Polinices mamilla, Thalamita gatavakensis, Nerita polita and Strombus mutabilis (Ruwa 1990).
The Rufiji River Delta mangrove ecosystem in Tanzania is estimated to have 40.5 tons per hectare
of aboveground carbon, 21.08 tons per hectare of belowground carbon (roots) and 98.57 tons per
hectare of soil organic carbon with the mangrove species Rhizophora mucronata contributing the
highest (39.87%) biomass C, followed by Avicennia marina (28.06%) (Lupembe 2014).

In addition to providing species diversity outlined above, African peatlands support important
ecosystem diversity through their specialised engineering species, e.g., the cushion plants in the Bale
Mountain in Ethiopia and the endemic palmiet (Prionium serratum) mires of the Cape Fold Mountains in
South Africa.
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3.3.2. Nature's Contributions to People

African peatlands provide various contributions to people, like water regulation and climate change
mitigation, which are mostly not empirically quantified or verified. Some of these contributions have a
global impact through services like climate change mitigation and the conservation of existing carbon
stocks. These vital contributions can be seen in the Cuvette Centrale in the Congo Basin and in the
Sudd in South Sudan where conservation of undrained and restoration of drained peatlands may
substantially reduce greenhouse gas emissions.

The multiple contributions that the Central Congo Basin provides to people living in the region still need
to be determined in full. Indigenous Peoples and Local Communities clearly depend on peatland forest
resources for their livelihoods, but exactly how is not yet fully understood (Dargie et al. 2018). Biddulph
and collaborators observed local commmunities sourcing bushmeat, caterpillars, fish, fruits and honey
and fuel for fires from the peatlands (Biddulph et al. 2022). Additionally, certain tree and liana species
have medicinal uses and provide construction materials and fibres. Raphia laurentii fronds are used for
roofing material. A demand for the species Daniellia pynaertii, used for construction in urban areas, and
can be floated out of the peatlands to market, has led to high levels of selective logging for this species
in the peatland forests of the DRC. There are very few studies on the socio-economic activities of the
communities living within or adjacent to the Central Congo Basin peatlands (Biddulph et al. 2022).

Traditional papyrus commodities are widely available in areas like Bunyonyi and Nakivubo in Uganda
and the shores of Lake Victoria in Uganda, Kenya and Tanzania. Widespread use of papyrus biomass
for crafts making (e.g., mats, baskets, trays), roof and fence construction, rope elaboration, etc. has
been observed by multiple studies. Findings in Kenya indicate that older women dominate the trade
(harvesting, production and marketing) further contributing to women'’s economic empowerment
whilst supplementing reduced household income levels (Morrison et al. 2012). This underlines the
pivotal role that papyrus commodities have in local microeconomics and livelihoods (e.g. lyango et

al. 2005; Langan et al. 2018). Transitioning to papyrus biomass for fuel has great potential to supply
domestic energy requirements by more than 80% while reducing forest logging pressure for wood and
charcoal production. Another potential cross-cutting use of papyrus for sustainable livelihoods is the
fabrication of biodegradable sanitary pads from papyrus in Uganda, which is promising for poverty
alleviation and promoting women's health and wellbeing with a ready supply chain (see Fig. 3.7 on the
value chain; Licero-Villanueva 2022).

Figure 3.7 Exemplary papyrus value chain for sanitary products
Source: Licero-Villanueva 2022.
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Intact peatlands in Uganda provide community-wide benefits. They supply land for bee keeping,
provide a source of medicinal plants, support eco-tourism, provide fish for food and provide plant
materials that are used widely in baskets mats, rope and roofing. These peatlands also help with

water retention (lyango et al. 2005). Similarly, the Tonga people of the Tembe Tribe in South Africa

use the indigenous plants from the swamp forests for various purposes. For instance, they use the
palm Raphia australis for construction material. The leaf is light and strong and therefore an excellent
component for building canoes, ladders, roofs and even walls. Many indigenous swamp forest plants
are also used as medicines and food resources (Silva et al. 2004). Therefore, it is unfortunate that most
of these peat swamp forests are being drained for cultivation.

3.3.2.1. Hydrology and African Peatlands

Several major river systems arise from mountainous areas with headwater peatlands, such as the
Okavango, Orange and Zambezi in Southern Africa, the Congo and the Nile in Eastern Africa (Balek
2006) or the Rufiji and Malagarasi river systems in Tanzania (Hughes and Hughes 1992).

Headwater wetlands in western Ethiopia feed all major rivers in the Horn of Africa and are responsible
for 90% of the water supply of the main Nile River (Wood et al. 2007; Wood 2003; Kebede et al. 2017).
A small area of these headwater wetlands is made up of fen peatlands. Preliminary studies have
revealed the presence of peatlands in the headwater areas of the Blue and the White Nile in the
western highlands of Ethiopia, totalling approximately 110,000 hectares (Dresen et al. 2015; Elshehawi
etal. 2019a).

The Angolan Highlands is a central water source region for three major river basins of sub-Saharan
Africa, contributing to the Congo Basin to the north, the Zambezi Basin to the east and the Okavango
Basin to the south (Lourenco et al. 2022). The source waters originating in the Angolan Highlands are
dominated by peatland environments. The highland peatlands are diverse in that they form at lake
margins, on river floodplains and on relict river terraces. The peat accumulating in the river channels is
the control valve between groundwater flow and the river (Lourenco et al. 2022).

3.3.2.2. Coastal Organic Soils

Africa’s coastline is richly endowed with mangroves which are important for protecting shorelines from
storm damage and floods. However, the proportion of mangrove forests on peat soils is not known
(Ewel 2010). Various studies confirm the presence of peat in mangroves of the African east coast.
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Studies in the Rufiji River Delta mangrove ecosystem confirm high organic carbon content both from
aboveground and belowground carbon (roots). In Mozambique, the most extensive mangroves occur
on the estuarine and swampy coast in the centre of the Mozambican coastline, dominated by mud rich
in organic matter (Odum and Heald 1975; Campira et al. 2021) with an almost continuous mangrove
forest from the Zambezi River delta to Beira and further south to the Save River estuary (Campira et

al. 2027). South African mangroves are confined to the intertidal zones along the east coast, at 14
important localities from Kosi Bay in the north on the Mozambique border, to Kabongaba north of East
London in the south (Smuts 1996).

3.3.3. Hotspots of Value

There is limited information on the value of African peatlands and the ecosystem services they
provide. The better studied peatlands of the Cuvette Centrale, the Nile Basin, South Africa and Tanzania
have been shown to have value for climate change mitigation, carbon storage and water purification.
They also serve as essential habitat for a wide range of fauna and flora.

The peatlands of the Cuvette Centrale and the Nile Basin (with its sub-basins the Nile Equatorial Lakes
and the Sudd) store the highest known amount of carbon within soil and biomass in African peatlands.
They play a major role in climate change mitigation and help to achieve the Sustainable Development
Goals on health, water and life on land (Page et al. 2011). As an example, the peatlands of the Nile
Basin store approximately 4,200—10,000 Mt of carbon, equivalent to 5—10% of the known tropical peat
carbon stock (Elshehawi et al. 2019a). The central Congo Basin peatlands are a globally important
carbon stock of 28,900 Mt of carbon, with about two-thirds of this peat carbon in DRC and one-third

in Congo (Crezee et al. 2022). Therefore, it is imperative that these peatlands are protected because
degradation by anthropogenic disturbances can convert these peatlands from carbon sinks to carbon
sources and exacerbate the already existing climate crisis.

South African peatlands are critical for water purification. The Gerhard Minnebron Peatland in South
Africa was found to efficiently remove and filter out uranium from upstream mining activities (Winde
2011). The Klip River Peatland in Johannesburg was also found to have accumulated heavy metals
from industrial pollution and sewage treatment plants over time (McCarthy and Venter 2006). The
ability of these peatlands to filter and accumulate pollutants is important. The loss or degradation of
these ecosystems would compromise water quality for many surrounding catchments.

Peatland can provide insight into a wide range of historical events, such as human records and
volcanic eruptions. It also can reveal historic levels of key chemicals in the atmosphere and of past
climate change events (Malmer et al. 1997; Barber et al. 2000). Peat deposits from peatlands such as
the Mfabeni mire in South Africa, which is older than 45,000 years, and the Maua mire of Tanzania
have been used as historical archives to provide insight into past conditions (McCarthy et al. 2010;
Strobel et al. 2019; Courtney-Mustaphi et al. 2021). Climatic reconstruction with information collected
from peatlands in Africa is particularly important because there are little to no historical records of past
climatic events in Africa.

For southern Africa the 14C-derived accumulation rates yielded information on past environmental
changes affecting southern African peatlands together with the observed changes in 13C. The data
showed two peaks indicating favourable moist peat accumulating conditions prior to the Late Glacial
Maximum (LGM) and during the Mid-Holocene (Elshehawi et al. 2019b), e.g the Angolan Highland
peatlands accumulating since of 7000 years B.P. (Lourenco et al. 2022). Peatlands in valleybottoms of
the interior plateau showed optimal accumulating conditions from after the LGM to the Early-Holocene
whilst Coastal peatlands, although some of Late Pleistocene age, showed mostly optimal conditions
during the Holocene, with maximum humid conditions occurring ca. 6000-3000 years ago Elshehawi
etal. 2019b).
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3.4. Status of Peatlands, Drivers of Change and Hotspots of Change

3.4.1. Status of Peatlands

Although Africa has only about 10% degraded peatlands the situation is desperate in such counties
as Chad, South Africa and Mali with 70 to 95% degraded peatlands (see Fig. 3.8). Peatlands in the
Nile Basin are degrading at an alarming rate due to multiple factors such as agriculture, extractives,
infrastructure development and climate change (NBI 2020). Peatland extraction on an industrial scale
is ongoing in Rwanda and Burundi (See § 3.4.2.4. Peat Extraction). These damaged lands are losing
carbon, flora, and fauna. Their destruction is harming livelihoods through the disruption of critical
ecosystem services. However, there are still largely intact peatlands in Africa such as the Sudd and
the Cuvette Central peatland complex (Cole et al. 2022). For the Cuvette Centrale peatland complex,
several initiatives are announced or planned associated with logging, oil and gas exploration, dam
building and infrastructure development (Dargie et al. 2019).

Peatland degradation has been reported for all countries. In 13 countries, it is observed that
approximately 50% of the peatlands have been degraded (Fig. 3.8). Greenhouse gas emissions from
degraded peatland are estimated at just over 130 Mt CO,e per year, with ten countries alone being
responsible for 59% of those emissions (Fig. 3.9).

Figure 3.8. Proportion of drained (red) and undrained (blue) peatlands in Africa per country (partly including organic soils).
Calculations are based on the drained area for forestry, agriculture and peat extraction. *Sum of African countries with less than
100,000 hectares of peatland area.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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Figure 3.9. Top 10 countries emitting GHG from peatlands in Africa, representing 59% of total peatlands emissions in the region.
Calculations are based on the peatland drained area for forestry, agriculture and peat extraction and IPCC (2014) emission factors
including CO,, CH, N,0, DOC, and emissions from ditches. Includes only net, on-site GHG emissions. Wildfire emissions are not
included.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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3.4.2. Drivers of Change

Drivers of change include, but are not limited to, agriculture and commercial logging, peat extraction,
water extraction and urbanization. Key drivers vary by subregion. Agriculture is the largest driver for
peatland conversion and drainage, such as rice and potato production in Uganda (Elshehawi et al.
2019a; Farmer et al. 2022). In Kenya, sugar cane is grown in peatlands like the Yala Swamp near Lake
Victoria (Maua et al. 2022).

Peatlands in Africa have been reported to be altered through peat extraction, burning, housing
construction and other infrastructure development, deforestation and drainage for agriculture, grazing,
fishing ponds, and tourism (Namaalwa et al. 2013; Hakizimana et al. 2016; Langan et al. 2019). In many
rural communities, women and girls are tasked with collecting water and fuel for domestic use. When
peatlands are drained and degraded, water sources are increasingly threatened and so women and
girls may need to walk further jeopardising their personal safety and reducing the amount of time that
might be invested in pursuing economic activities or education (UNEP and IUCN 2018).

Despite conservation efforts, both forested and non-forested peatlands in South Africa are suffering
continuous degradation. In 2006, a target was set to protect all South Africa’s forested peatlands
(Mucina and Rutherford 2006). This target was not met as only 47 % of remaining forested peatlands
in South Africa could be classified as natural by 2019 (Van Deventer et al. 2021). Large parts of the
Maputaland Coastal Plain have been included in the iSimangaliso Wetland Park, a National Park,
Wetland of International Importance and World Heritage Site in South Africa. In a red list assessment
of the subtropical-temperate coastal forested wetlands as an ecosystem, these forested wetlands
have been assessed as critically endangered, with a total collapse possible within the next fifty years
(Van Deventer et al. 2021).

3.4.2.1. Agriculture and Forestry

Van Deventer et al. (2021) showed that 53 % of the areal extent of subtropical-temperate coastal
forested wetlands are included in iSimangaliso Wetland Park (South Africa), but that transformation

to subsistence crop production occurred both inside and outside the park boundaries. In Kenya, sugar
cane is grown in the peatlands fringing Lake Victoria such as the Yala Swamp (Maua et al. 2022).
Conversion to various types of land use from Rwanda, Tanzania and Uganda is shown in Fig. 3.10. For
instance, increasing rice cultivation is a severe threat, because of the change of the traditional low-
intensity and peat-conserving use of mainly papyrus in the peat-filled valleys, to a high intensity and
peat degrading crop.

The peatlands of South Africa are highly affected by exotic timber plantations in their vicinity, which
causes a draw-down of the water table and makes the land more accessible. This makes it easier for
people to access and transform this land for crop production.
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Figure 3.10 Examples of land use of peatlands in the Nile Basin: a-c) road construction; d, e) developing rice fields from papyrus
swamps; f) fish pond; g) freshly burned papyrus; h) burned papyrus and peat; i) peat extraction, j, ) cropland on former Raphia
palm stand; k) grazing; m) multiple times burned peat; n) abandoned land with mineralised peat and dense weed cover; 0)
domestic transport and bird watching and tourism.

Source: Elshehawi et al. 2019a.
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3.4.2.2. Burning Peatlands

As a result of water removal through drainage, extraction of water or other impacts to their hydrology,
for example through road construction, peatlands become prone to fire, also in Africa. Abandoned,
drained peatlands used e.qg., for fishing or hunting have an especially high risk of burning (FAO 2014).
Clearing the land during droughts further increases the risk of desiccated peatlands to burn (Gabriel
etal. 2017). In the Nile Basin, prolonged drier periods likely lead to the burning of peat (image ‘m’in the
Fig. 3.10) that was previously drained for cultivation.

It is estimated that almost a third of the substrate of non-forested peatlands on the Maputaland
Coastal Plain that has been affected by fires, have been lost in the past 30 years (Grundling et al. 2021),
where an upsurge in the number, frequency and duration of peat fires has taken place (Fig. 3.11).

Figure 3.11 (a) Location of peatland fires on the Maputaland Coastal Plain of South Africa. (b) Peatland fires (plotted per peat
ecoregion) o in South Africa as a whole and mean monthly rainfall for the period January 1989 to February 2020. The areal extents
(hectares) of the fires are shown in brackets. The extreme decadal droughts which affected >25 % of the areal extent of South
Africa (Malherbe et al. 2016) are also shown.

Source: Figure adjusted from Grundling et al. 2021.
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3.4.2.3. Greenhouse Gas Emissions

Land use is expanding throughout most of the deepest peatlands of the Nile Basin and resulting in
very high GHG emissions (Elshehawi et al. 2019) (See Fig. 3.12). In Uganda the drainage of peatlands,
which cover less than 25% of all the wetlands in Uganda, have been leading to GHG emissions of
about 8 Mt CO,e annually since 2015 and are expected to continue doing so until 2035 in a business-
as-usual scenario (Fig. 3.11). Potato cultivation in the deep peatlands of the Kigezi highlands in
southwest Uganda is widespread (See Fig. 3.7) and can provide income of up to $3,000 + 1,000 US
Dollars per hectare per year to farmers (Langan et al. 2018). Yet, this potato cultivation is causing huge
carbon losses that are estimated at 98.79 £ 1.7 t CO,e per hectare per year (Farmer et al. in press).
Such emissions equal about 10% of the total annual national emissions of Uganda (Elshehawi et al.
2019a) equating to more than 50% of the national consumption of fossil fuels and cement (see Fig.
2.14 in Chapter 2) (Joosten 2009).

Figure 3.12 Average annual CO e emissions from drained peatlands within various Nile Basin countries in a business-as-usual
scenario for the period 2015-2050. Note: counties outside the Nile Basin are not included, also information for South Sudan, Sudan
and Egypt is currently unavailable

Source: Elshehawi et al. 2019a.
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Box 3.2. A Quaking Peatland — the Ondiri Bog in Kikuyu, Kenya

Ondiri bog is Kenya's largest known highland quaking bog, estimated at 30 hectares, with a
perimeter of 3.3 km (Fig. 3.13) (Macharia et al. 2010; Mwangi et al. 2018). The peatland is the
source of the Nairobi River that drains into the Athi River Basin and eventually into the Indian
Ocean (Ogondo 2008; Njuguna et al. 2017).

In the past, the local people had named it ‘kahenia’ meaning ‘shining body of water’ (Mwenda
2016). The Maasai and Kikuyu people would come and graze their livestock around the
peatland. For the past two decades, the peatland’s fertility and rapid urbanization of its
environs attracted investors to initiate unregulated agricultural practices around it, due to its
lack of formal protection status (Macharia et al. 2010; Karangi 2017). This led to its continuous
degradation particularly from pollution, water abstraction, infrastructure development,
encroachment, overgrazing and planting of non-native Eucalyptus trees on its riparian reserve
(Mwangi et al. 2018; National Environment Management Authority [NEMA] 2022).

Figure 3.13 Ondiri peatland, Kenya. Photo: Eva Ntara/@FAQO 2021.

To mitigate the environmental challenges facing the wetland, a community-based organization
of like-minded individuals called “The Friends of Ondiri Wetland Kenya (FOWK)” was formed in
2016 by David Wakogy. The aim of the organization was to promote public participation in the
conservation and eco-tourism initiatives of the peatland (Macharia et al. 2010).

Since its establishment, various groups have partnered with the FOWK to preserve the Ondiri
ecosystem and the benefits it provides (NEMA 2022). Some of the joint work done includes: the
construction of a 3.7km perimeter fence around the peatland, the construction of a Wetland
Information Centre that serves as a repository for information on wetlands countrywide, the
development of a nature-trail and an eco-toilet to encourage eco-tourism activities such as

bird watching at the swamp, establishment of the Kikuyu Organic Farmers Market through

a training program for local farmers around the peatland on organic farming, and planting

of native tree species (Olea africana, meru oak, vetiva grass, bamboo, croton trees etc.) and

the painting of an environmentally themed art mural near the peatland to create community
awareness on the importance of conserving the wetland.
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Figure 3.14. Peat-powered electricity plant in Gisagara, Rwanda. Photo: Hans Joosten

3.4.2.4. Peat Extraction

Peat extraction at industrial scale in Africa is currently only known from Burundi and Rwanda
(Elshehawi et al. 2019a). Peat extraction was once conducted in South Africa, mainly for horticulture,
but was stopped in 2011. The problem is likely only going to get worse as the Government of Rwanda
has built and is operating an 80 MW peat power plant to produce electricity from peat extracted from
the South Akanyaru peatland in Gisagara in its Southern Province (Fig. 3.14).

3.4.2.5. Water supply and Urbanization

One example of extraction of water from peatlands for urban water supply comes from the Molopo
Eye (a spring) in South Africa, where water was diverted for urban water supply to the city of Mafikeng.
When this water was diverted, the peatland downstream of the spring dried out and eventually burned.
The peat was lost, and along with it, all its ecosystem services. This resulted in dangerous levels of air
pollution locally, as well as the loss of cultural ecosystem benefits like fishing, boating and swimming
(Rebelo et al. 2019).

Urbanization is another driver of change and recorded in various places. For example, urbanization and
road infrastructure expansion are some of the main causes of peatland degradation in Uganda. Urban
landscape expansion around Kampala has led to widespread eutrophication, due to waste-water
disposal in the swamps. Also, many roads lead to drainage of the swamps due to a lack of accounting
of the special nature of peat soils in the construction plans (Elshehawi et al. 2019a). Water transfer
schemes servicing cities might also impact on the hydrology of wetlands with higher base flows and
increased storm flows from hardened surfaces resulting in erosion of peatlands.
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3.4.2.6. Climate change

Ongoing changes in the climate are another driver expected to cause significant changes in peatland
condition in the longer term, especially when human impact is combined with changes in rainfall and
temperature (Cook et al. 2020; Cole et al. 2022). Some evidence of increasingly longer dry seasons

in the Central Congo Basin in the last forty years shows that an increase in peatland fires could be
expected (Cook et al. 2020; Cole et al. 2022). On Fig. 3.15, the global distribution of peatlands in arid
and subarid climates can be seen, with increased heat and aridity in North Africa.

At the same time an increase in aridity can also decrease the accumulation of peat, which in the future
can lead to a reduction of the carbon sink capacity of the region (Cole et al. 2022). These climatic
conditions, if combined with an increase in land-use threats (such as deforestation), have the potential
to make peatlands much less resilient and progressively more vulnerable to future changes (Roucoux
etal. 2017; Page et al. 2022). It is good to note that conservation and maintaining peatlands wet
supports their resilience to changes.

Figure 3.15 Global distribution of peatlands in arid and subarid climates.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
For more details on the methods and references used for this map, see Annex 1.3 Production of Thematic Maps.
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3.5. Policy Context, Options for Action and Hotspots of Response

This section presents hotspots of response in specific regions. Responses reflect either best
management practices on the ground or collaborative and participative processes leading to a better
protection of peatlands.

3.5.1. Policy Context

Policies for the conservation, restoration or sustainable management of peatlands across Africa

are limited partly due to limited awareness of the location, extent and condition of peatlands in the
region. So, while most African countries have wetland policies, the majority make no specific reference
to peatlands. This is notable since 51 countries in Africa have ratified the Convention on Wetlands
providing an important policy framework for the sustainable and non-destructive use of wetlands.

This has led to the designation of Wetlands of International Importance at national and transboundary
levels but details on peatlands are not included. The total number of Wetlands of International
Importance in Africa stands at 422 sites (according to www.ramsar.org, as of July 2022), many of
which contain substantial areas of peatlands. Assessments of peatlands have only been undertaken in
a limited number of these Ramsar sites.

A resolution reporting effort for UNEA, Convention of Wetlands and IUCN in 2019 attempted to
identify peatland policies and strategies in six countries with significant peatland resources, carbon
stocks and/or emissions (Uganda, Congo, DRC, Sudan, Zambia, Angola). This review only received
information for the Congo and DRC (detailed below), with additional information being supplied by
Lesotho (which had water resources policies and a wetland strategy under development) and South
Africa (described below) (Reed et al. 2019). Similarly, The Nile Basin Initiative (NBI) has supported the
inclusion of wetlands (including peatland) in the Eastern African policy frameworks, however, a deeper
analysis on the results cannot be covered at the time of writing. In general terms, further analysis is
needed on the policy context in the continent, i.e., on laws, regulations, procedures, administrative
actions, incentives, or voluntary practice of governments and other institutions.

The inclusion of peatlands into climate commitments, such as the NDCs as well as the long-term low
GHG emission development strategies (LTSs) will enable African countries to respond to the global
climate action call (UNFCCC 2021; Global Peatlands Initiative [GPI] 2022). Several African countries
have included peatlands in their NDCs, including Uganda, DRC and Congo (see for more information in
the chapter on policies).

There are a number of new policies, strategies and plans under development for the Congo basin.
These aim to promote ongoing mapping and monitoring of peatlands (cf. Barthelmes and Joosten
2018), stop peatland drainage, avoid conversion and destruction of intact peatlands, secure the
livelihoods of local communities that live in and around peatland ecosystems, create an enabling
environment for obtaining climate finance and restore and sustainably manage degraded peatlands.
Regional policy initiatives related to the conservation and sustainable management of Central Congo
Basin peatlands include:

The Brazzaville Declaration

The Central Africa Forest Initiative (CAFI) and the DRC-CAFI Letter of Intent 2021-2031
+  The Lake Tele Lake Tumba memorandum of understanding
+  The memorandum of understanding between the Congo and Indonesia.
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The Brazzaville Declaration is an international transboundary agreement signed by the governments
of the Congo, the DRC and Indonesia during the 3rd meeting of the GPI in May 2018. The Declaration
commits the key peatland countries to work together through South-South Cooperation and with
support of the Global Peatlands Initiative to protect the Cuvette Centrale Congo Basin peatlands from
future drainage and providing greater protection from unregulated agriculture, oil and gas mining and
logging concessions (UNEP 2018). After signing the Brazzaville Declaration, in order to encourage

its implementation, Indonesia, the Republic of the Congo, and the Democratic Republic of the Congo
came together to declare their support and establish the International Tropical Peatlands Center
(ITPC). During its launch, the GPI partner countries singed MoUs and inter-institutional agreements,
committing to work together on peatlands globally and encouraging the implementation of the
Brazzaville Declaration, showing the effectiveness of South-South and Triangular Cooperation by
building regional and global impact through collaboration.

3.5.1.1. Democratic Republic of the Congo

The DRC has a number of forest policies which have a strong bearing on its peatlands. This includes
its National Forestry Policy, Reducing Emissions from Deforestation and Forest Degradation (REDD)
National Plan, its REDD National Strategy, the National Development Plan, the National Land Use
Scheme and the Land Law Reform. The DRC’s REDD National Strategy was adopted by the Council of
Ministers in 2018 and explicitly considers forests in the Congo basin to contribute to their protection.
The strategy includes undertaking an inventory of important areas of peatlands and forests to provide
information on carbon stocks, their emissions and their wider environmental benefits. This policy
builds on a network of parks and reserves covering more than 12% of the country’s forests, many of
which are on peatlands.

In the Global Peatlands Pavilion at the COP26 UN Climate Change Conference, the ministerial
representatives from DRC particularly highlighted that DRC is in the process of developing a national
peatland strategy (GPI 2022). The DRC is also developing a readiness project that will support peatland
management in the country through the development of sustainable peatland plans and policies.
Furthermore, the DRC has included peatlands in its NDC.

To inform policy making, several studies are underway in the field to improve knowledge of these
tropical peatlands. In addition to the attention given to peatlands in northern Congo, important sites in
the south of the country are receiving attention from local authorities. The goal is to arrive at a national
definition of peat and elucidate its implications at the national level.

The national Peatland Management Unit has consulted interested people for the national vision on
peatlands, has set a road map forward, and is, at the time of writing, planning a national peatland
strategy, starting with consultations with peatland communities.

3.5.1.2. Republic of the Congo

The Republic of the Congo has paid particular attention to peatlands in the central Grande Cuvette
basin since they were first mapped (Dargie et al. 2017). Before this, peat was included in the mining
code of the country. In 2018 (March 21-23), to demonstrate its commitment, the Republic of Congo co-
hosted the Third meeting of the Global Peatlands Initiative members together with the DRC and UNEP.
Indonesia shared their lessons on peatland management which supported the countries to formulate
and sign the Brazzaville Declaration (UNEP 2018). The political commitment of the Congo continued
with the signing of the Central African Forest Initiative (CAFI) letter of intent between Presidents
Sassou Nguesso and Emmanuel Macron of France. This letter emphasizes the need to properly
manage and conserve areas of high ecological importance and high carbon potential.
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The Congo briefly mentions peatlands in its NDC (2021), however it has not set goals for improved
mapping and inventory nor other activities which could support further resource mobilization for
setting e.g., measurable goals for adaptation or mitigation (FAO 2022). The country is aiming to
attract private finance through initiatives such as the Blue Fund that could facilitate the protection and
sustainable management of wetlands in general, and peatlands specifically. The Congo has 5 wetland
resource centres, known as "wetland relay poles", with one dedicated specifically to peatlands, and
managed by the Federation of Conservatories of Natural Spaces.

3.5.1.3. South Africa

South Africa has a reasonably supportive policy framework, but enforcement remains a major issue as
mandates pertaining to the legislation discussed below are fragmented. The mandated authority for
peatland management is the Department of Forestry, Fisheries and the Environment. In the past three
decades peatland conservation was expanded with the enforcement of wetland related provisions

in (1) the Conservation of Agriculture Resources Act (No 43 of 1983) (CARA); (2) the National
Environmental Management Act (No 107 of 1998) with related Environmental Impact Assessment
policy (especially Listing Notice 2 Activity 24, a peat focused intervention); and (3) Water Use Licence
Authorisations (WULA) into regulations 21 c) and i) of the National Water Act (No 36 of 1998).

This regulatory framework has resulted in: (1) limited granting of commercial wetland cultivation
authorisations, with Environmental Impact Assessments (EIAs) and WULA regulations enforced

on peatlands, resulting in a decrease development and dams been built in peatlands, or upstream,

(2) no granting of peat extraction authorisations, and (3) a decrease in afforestation and mining
authorisations in peatland areas.
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The intervention effort through legislation, policy and enforcement in South Africa is critical, as
peatlands are part of catchments and cannot be managed in isolation (Grundling and Grundling 2019).
A further positive development pertaining to wetland management in the country was the recent
formulation in 2021 of a national wetland policy for the three national departments mandated to
manage wetlands in terms of the three pieces of legislation listed above.

In southern Africa two wetland restoration programmes aim to protect water sources: Within the ambit
of the South African Expanded Public Works Programme the Working for Wetlands and Working for
Water programmes (within the Department of Forestry, Fisheries and the Environment) are actively
involved in wetland restoration. Working for Water targets control of alien invasive species in wetlands
and catchments, whilst Working for Wetlands pursues wetland restoration and wise use in a manner
that maximises employment creation, supports small emerging businesses, and transfers skills to its
beneficiaries with particular emphasis on women, youth and people with disabilities. About 40 % of the
programme’s wetland restoration projects are taking place in peatlands and catchments of peatlands
controlling erosion and rewetting peatlands.

In the Kingdom of Lesotho, the Departments of Environment and Range Resources Management take
a leading role in controlling the invasive alien species in the catchments of wetlands whilst the Ministry
of Water planned rehabilitation of wetlands and the Department of Soil Conservation rehabilitation of
degraded land. The Protection of the Orange River-Senqu Water Sources-Sponge-Project for example
focused on the application of a holistic approach towards protection and conservation of the mires

in the upper Orange River-Senqu Catchment, while demonstrating a methodological approach for
sustainable wetland management.

Box 3.3. Nile Basin Initiative (NBI)

The area of peatlands and organic soils in the Nile Basin represents about 10% of the total
tropical peatland carbon stock (NBI 2022). However, Nile Basin peatlands are under increasing
land use threats. These include draining, burning and clearing for agriculture and settlements,
the arrival of invasive species, the extraction of peat for energy and drainage for infrastructure
and plantation forestry. The Nile Basin Initiative (NBI) was born as a response to tackle these
challenges. The NBI is an intergovernmental partnership between Burundi, DRC, Egypt,
Ethiopia, Kenya, Rwanda, South Sudan, Sudan, Tanzania and Uganda (Eritrea participates as
an observer). Established in 1999, it provides a forum for consultation and coordination among
the Basin States for the sustainable management and development of the shared Nile Basin
water and related resources. Work is being done to map the extent and status of peatlands,
quantifying their carbon storage, and on transboundary management plans and shared options
for sustainable livelihoods for the communities that rely on them. The Nile Basin Initiative
promotes socioeconomic development as well as gender equality and equity at the local,
regional, and international levels. This is in line with the Paris Agreement and the SDGs and
remains a crucial ingredient for sustainable development.
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3.5.2. Options for Action

On the basis of the challenges and opportunities reviewed in this chapter, there are a number of
options for policy and practice that could be considered to help protect, restore and sustainably
manage African peatlands:

At the political level, disseminate the findings from this assessment and future research to
sensitize decision makers to the state of peatlands in their jurisdiction, the value of ecosystem
services (and cost of losing these services) and options for protecting, restoring and sustainably
managing their peatlands.

+ As academia, continue to train young researchers, build capacities for practitioners and fund
research across African peatlands to fill gaps in knowledge around the extent and condition of
peatlands, the carbon stocks and other ecosystem services they provide.

+ Mobilize funds to improve peatland monitoring to provide information to policy-makers about
important changes and their implications for climate, people, and the planet.

Engage local women and men and indigenous communities in the preservation and sustainable
management of peatlands across Africa, drawing on local knowledge and social innovation to
sustain livelihoods alongside the preservation and management of intact and restored peatlands.
Promoting gender-responsive approaches is crucial for a just transition that takes into account the
needs of everyone in society.

Create an Africa group of specialist peatland researchers to create and enact a research agenda
to better understand drivers of change, degradation processes and identify appropriate options to
conserve, restore and sustainably manage these habitats.

3.5.3. Hotspots of Response

Information on responses across Africa is not included in this chapter as comprehensive information
was not available. Recognizing this, this assessment is a call to all actors to share knowledge and
information so that a collection of information and knowledge can be built to support future decisions
about peatlands.

3.6. Knowledge Gaps

Peatlands in Africa are under-researched with policy peatland-specific plans in most countries absent
and coherent wetland policies and legislation generally lacking. Despite this situation, some countries
such as Nile Basin Countries, DRC, Congo and South Africa are working to fill these gaps and improve
understanding of peatland distribution, key ecosystem services and drivers of change. Partners are
working together to develop policies and management plans at site, national and regional levels. As
such, more research is needed to better assess how local communities, mostly those living in rural
areas, use and value peatlands today (as a source of bushmeat and other foods, fuel, and medicinal
plants) where future threats may emerge (Dargie et al. 2019; Cole et al. 2022).

One study suggests that peatland areas may be larger that typically reported, including large peatland
systems such as (1) the Niger River Delta; (2) the Sudd in South Sudan; (3) the Cuvette Centrale; (4)
the central Angolan highlands and connected lowland riverine systems; and (5) the Zambezi basin
peatlands (Gumbricht et al. 2017) however no field data is included in the study. Peatlands of West
Africa are some of the least researched on the continent with very few research papers available on
these peatland areas or their carbon stocks.
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Regional Initiatives bridging knowledge gaps

The National Geographic Okavango Wilderness Project (NGOWP) has identified extensive peatlands

in the Angolan Highlands in south-western Africa, which are the only water source for the Okavango
Delta (Conradie et al. 2016; Goyder et al. 2018). Despite the highland peatlands’ hydrological and
ecological significance, they had remained poorly studied. The NGOWP has undertaken the most
widespread scientific research in the highlands over the last decade with a vision to preserve the
greater Okavango Basin in its current near-pristine state by establishing a network of new protected
areas (National Geographic Society [NGS] 2022). Field-based studies are currently underway to provide
more information on the peatland and peat characteristics.

The Nile Basin Initiative (NBI) is a transnational River Basin Organization (RBO) that offers an
exemplary case study on RBO engagement on peatlands conservation in north-eastern Africa (see
also Box 3.3. above). The NBI focus on peatlands ecosystems is anchored in a 10-year strategy
(2017-2027) on environmental sustainability that calls for actions to protect, restore and promote
sustainable use of water-related ecosystems across the basin, including peatlands. The NBI undertook
specific studies to understand peatland extent, content and associated land-use changes. They also
worked to raise awareness and explore the ways in which peatland analyses can be better integrated
into climate policy making (Elshehawi et al. 2019) In the frame of the NBI, management plans and
Conservation Investment Plans (CIPs) have been developed for the Sio-Siteko, Sango-Bay-Minziro and
Semliki Transboundary Wetlands. The economic valuation studies included peatlands ecosystems

in Sio-Siteko (Kenya and Uganda), Rweru-Bugesera (Burundi and Rwanda), Machar Marshes (South
Sudan), Sudd Wetlands (South Sudan) and Lower Baro Wetlands (South Sudan and Ethiopia) for Green
Infrastructure Planning and the development of Wetland Conservation Investment Plans.
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Regional Highlights

Key Facts

KEY REGIONAL DATA PRODUCED FOR THE GLOBAL PEATLANDS ASSESSMENT 2022!

Total peatland area (hectares)
Peatland cover over total region surface area (%)
Degraded peatlands (%)

Annual GHG emissions from peatlands (Megatons of
carbon dioxide equivalent emissions per year)

Undegraded peatlands (%)

Peatlands within protected areas (%)

Top 5 Countries with largest peatland area (hectares)

161,030,209 ha
3.7%
13.0%

1,0209 Mt CO,e / yr

87.0%
10.3%

1. Asian Russia (118,500,000 ha)
2. Indonesia (20,949,000 ha)

3. China (12,885,443 ha)

4. Mongolia (2,700,000 ha)

5. Malaysia (2,530,100 ha)

ADDITIONAL DATA

Total peatland carbon stock? (Megatons of carbon)

Threatened peatland species® (VU = vulnerable;
EN = endangered; CR = critically endangered)

Ramsar Wetlands of International Importance with peat*

182,417 Mt C

Flora: 20 VU, 25 EN, 13 CR
Fauna: 135 VU, 144 EN, 56 CR

71 sites (18.2% of total Ramsar sites in Asia)

" Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
2 Joosten, H. (2009). The Global Peatland CO, Picture. Peatland status and drainage associated emissions in all countries of the World. Wetlands International,

Ede, 10 p. + tables.

% Data extracted from the IUCN Red List of Threatened Species.
4Data extracted from the Ramsar Sites Information Service.


https://www.iucnredlist.org
https://rsis.ramsar.org/

Asian peatlands are under threat, and a source of significant GHG emissions. It is estimated by the
Global Peatlands Assessment that around 15% of Asia’s peatlands are degraded. Drivers of change
are exacerbated by climate change, and include overgrazing by livestock in Central Asia, permafrost
thawing in Northern Asia, conversion for agriculture and plantations in Northeast China, and illegal
logging, drainage for plantations and wildfires in Southeast Asia, a region that lost more than half of its
peat swamp forests between 1990-2010. As examples, Indonesia reported average annual emissions
of 513.4 Mt CO,e per year from peat decomposition and fires, and Malaysia reported 28.6 Mt CO_e per
year in carbon losses from drained organic soils. However, few other countries in the region include
peatlands as a key category of emissions in their National Communications to the UNFCCC.

Rewetting of managed peatlands for paludiculture with wetland species may be particularly pertinent
in this region, given its potential to facilitate more sustainable use of degraded and carbon-rich
peatland ecosystems. In addition to providing relatively immediate greenhouse gas mitigation,
paludiculture may help sustain livelihoods for local populations, providing a socially acceptable
pathway to achieve the goal of carbon neutrality on large land areas.

Subregional and transboundary agreements to tackle peatland haze are vital and provide a good
example for coordination mechanisms that could help scale up impact also in other regions. The
Association of Southeast Asian Nations (ASEAN) Agreement on Transboundary Haze Pollution
signed in 2002 is a commitment of 10 country members to work together to monitor and tackle

the problem of Haze Pollution in the sub-region. Collaboration on implementing the agreement has
enabled countries affected by the degradation of peatlands to work together to reduce haze and GHG
emissions.

Countries in the Southeast Asian region in particular have strong lessons to share for other tropical
peatland countries. For example, Indonesia has pioneered a number of South—South collaboration
initiatives, including the International Tropical Peatlands Centre’s facilitation of the implementation of
the Brazzaville Declaration. There is a need to further document and share lessons from policy and
practice to help other tropical peatland countries, as they weigh up the importance of peatlands in the
development of their development trajectories.

Only a small fraction of Asian peatlands falls within protected areas (10.3% according to the data
retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre). Asian
governments have started recognizing their importance in recent years and enacted various laws and
policies supporting peatland conservation outside of protected areas. Despite the large opportunity to
restore degraded peatland areas and growing political will to do so, the extent of peatland restoration
in the region is still relatively small. It has been reported that Asia’s peatlands cover an area of 162
million hectares (Xu et al. 2018). Of those, 15% are degraded, 5% are protected and less than 5% have
been restored (Dinerstein et al. 2017).

With such a wide latitudinal span, the fauna of Asian peatland is diverse with some highly charismatic
species, like the Bornean Orangutan (Pongo pygmaeus) and the Sumatran Tiger (Panthera tigris ssp.
sumatrae) (Cheyne et al. 2008; Wich et al. 2008; Quinten et al. 2010; Erb et al. 2018). Many of these
species are classified as critically endangered on the IUCN Red List.

With a significant proportion of Asian peatlands degraded, research and capacity-building are needed
to help scale-up peatland conservation and restoration efforts. If this were done, it would contribute
towards the recovery of endangered species. Additionally, ensuring that both women and men are
included in conservation and restoration activities drives progress towards achieving the SDGs. The
under-representation of women should be addressed with specific efforts to overcome barriers and
challenges that women face in peatlands-related fields.
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4.1. Biomes and Ecological Zones

Spanning from tropical to polar, and from humid to arid regions, Asian peatlands are distributed in
thirteen Global Ecological Zones (GEZ). These are summarized in Table 4.1.

Fig. 4.1 shows the distribution of Asian peatlands in aggregated FAO GEZ based on the Global
Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald
Mire Centre. In the region, nearly half of peatlands (about 47%) are in the boreal ecological zone
whereas 26% are located in the temperate zone.

Characteristics of peatlands in tropical zones are different from those of peatlands in temperate, boreal
and polar zones. In tropical ecological zones, peat accumulation started earlier than in temperate and
boreal zones and peat deposits are formed and maintained by continuous large litter inputs mainly
from evergreen trees into water-saturated peat (Biancalani and Avagyan 2014).

Southeast Asian peatlands are mostly ombrogenous and thus poor in nutrients (Omar et al. 2022).
The oldest reported initiation date for lowland ombrotrophic peat formation in Southeast Asia was
around 26,000 years B.P. (Page et al. 2004). In general, however, the development of peat domes in
the lowlands of Peninsular Malaysia, Sumatra and Borneo started with the onset of the Holocene as
a response to rapid post-glacial sea-level rise over the Sunda Shelf and intensification of the Asian
monsoon (Dommain et al. 2011).

Table 4.1 Distribution of peatlands in major peatland countries under respective Global Ecological Zones
Source: Global Ecological Zone: FAO (2012), Countries of peatland distribution: Global Peatland Map 2.0.

Global Ecological Zones Countries of peatland distribution

Tropical rainforest Bangladesh, Brunei Darussalam, India, Indonesia, Malaysia, Myanmar, Philippines, Sri
Lanka, Thailand, Viethnam

Tropical moist forest Bangladesh, Indonesia, Myanmar

Tropical dry forest Cambodia
Tropical mountain system Indonesia
Subtropical humid forest China, Japan
Subtropical mountain system China
Temperate continental forest China, Japan

Temperate mountain system

China, Japan, Mongolia

Temperate steppe Mongolia
Boreal coniferous forest China, Russia
Boreal tundra woodland Russia
Boreal mountain system Russia

Polar Russia
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Peat accumulation results when the rate of organic matter deposition is higher than the decomposition
rate and peat accumulation rates diverge with the general tendency of fast accumulation in coastal
areas (Dommain et al. 20171; Takada et al. 2016). Dommain et al. (2011) estimated, for example, that
mean rates of Holocene carbon accumulation in coastal Sumatra and Borneo were 77 g C m? per year,
in contrast to 31.3 g C m? per year in inland Central Kalimantan.

In temperate and boreal biomes, the accumulation of peat is due to waterlogged conditions and

peat forming mosses, sedges, dwarf shrubs and trees. Peat accumulation rates vary widely and

are linked to the peatland's geographical location, age and type (Biancalani and Avagyan 2014). A
mean long-term apparent carbon accumulation rate in Northeast China, for example, is reported as
33.66 g C m? per year while the average of the worldwide boreal peatlands is 18.6 g C m? per year
(Yuetal. 2010; Xing et al. 2015). In the polar zone, cold conditions (permafrost) play an important role
in peat formation (see § 2.2.).

Figure 4.1 The distribution of Asian peatlands in aggregated FAO Global Ecological Zones.
Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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4.2. Peatland Distribution and Extent

As explained in Chapter 2, differing definitions and classifications combined with a range of
approaches to estimate distribution and extent of peatlands has led to variations in the numbers.
This is particularly true in Asia. The estimates of peatland area in Asia conducted by different groups
are summarized in Table 4.2. Discrepancies among area estimates are due to inherent assumptions,
varying peatland definitions, spatial scales and mapping biases. Also, the timing of the estimates
affects the extent, especially for countries where degraded peat layers have been depleted, reducing

the total area.

Through the Global Peatlands Assessment process and its Global Peatland Map 2.0, the distribution
and extent of peatland in the Asian region are summarized in Figs. 4.2 and 4.3. Based on the data
retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre, peatlands in the
region cover an area of 161 million hectares, representing 33% of global peatlands.

Table 4.2 Comparison between peatland areas (hectares) estimation from six global, tropical and subtropical databases.
Source: Global Ecological Zone: FAO 2012, Countries of peatland distribution: Global Peatland Map 2.0.

Country

Asian Russia
Indonesia
China

Others
Malaysia
Kazakhstan

India

Total

Global
Peatland
Database

(2022)

118,500,000
20,949,000
12,885,443
4,765,666
2,530,100
1,000,000

400,000

161,030,209

IMCG-GPD
(Joosten
2009)

117,628,000
26,550,000
3,349,900
4,374,600
2,668,600

154,571,000

Page et al.

N/A

(2010)

20,695,000

N/A
N/A

2,588,900

N/A

100

HWSD v1.2
(FAO 2012)

87,970,000
19,400,800
523,800
73,680
2,148,000

117,410,600

Gumbricht
etal. (2017)

N/A
22,452,222
8,392,857
24,738,277
2,952,318

58,535,674

PEATMAP (Xu
etal. 2018)

118,035,800
14,833,100
13,696,300
13,513,200
2,239,800

162,318,200



Lot

Figure 4.2. Peatland distribution in Asia (partly incl. organic soils).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre. For more details on the methods and references used for this map,
see Annex III. Production of the Global Peatland Map 2.0.



Figure 4.3. (A) Top-b countries/group of countries holding the largest area of peatlands in Asia (without Asian part of Russia) and (B)
Top-5 countries holding the largest area of peatlands in Asia.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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4.3. Biodiversity, Nature's Contributions to People and Hotspots of Value

4.3.1. Biodiversity

Peatlands in the region support rich biodiversity. In Southeast Asia, tropical peat swamp forests and
associated marshes are the most common natural peatland ecosystems (Prentice 2011). Tropical
peat swamp forests, home to at least 1,524 plant species and an extensive number of bryophyte, fern
and fungal species, are the most extensive in Southeast Asia. They have the highest floral diversity
globally when compared with other peatland ecosystems (Posa et al. 2011; Rieley 2016). This diverse
flora maintains a substantial percentage of the fauna recorded in the region (Posa et al. 2011),
including 123 mammals, 268 birds, and 219 freshwater fish species alongside an unreported number
of invertebrates (Rieley 2016) (Fig. 4.4). As an example, peat swamp habitats are responsible for
supporting 23% to 32% of all species of mammals and birds in Peninsular Malaysia and Borneo (Posa
etal. 2017). Blackwater fish communities including endemic species, which are not found in other
types of habitats, are also supported by these ecosystems (Prentice 2011).

Table 4.3 Species that are globally threatened (either vulnerable, endangered or critically endangered) found in Southeast Asian
tropical peatlands.

Source: Prentice 2011.

Animal species Orangutan (Pongo pygmaeus), Proboscis Monkey (Nasalis larvatus), Leopard (Panthera
pardus), Tiger (Panthera tigris), Flat-headed Cat (Prionailurus planiceps), Otter Civet
(Cynogale bennettii), Hairy-nosed Otter (Lutra sumatrana), Sumatran Rhinoceros
(Dicerorhinus sumatrensis), Malayan Tapir (Tapirus indicus), Asian Elephant (Elephas
maximus), Malayan False Gharial (Tomistoma schlegelii), Asiatic Softshell Turtle (Amyda
cartilaginea), Painted Terrapin (Callagur borneoensis), Bornean River Turtle (Orlitia
borneensis), Storms Stork (Ciconia stormi), Lesser Adjutant (Leptoptilos javanicus),
Wrinkled Hornbill (Aceros corrugatus), White-winged Wood Duck (Cairina scutulata) and
Asian Bonytongue (Scleropages formosus)

Plant species (trees) Shorea platycarpa, Dipterocarpus chartaceus, Hopea mengerawan, Shorea albida and
Gonystylus bancanus

Figure 4.4 Secondary tropical peat swamp forests, important habitats for Sumatran Elephants (Elephas maximus sumatrensis) which
are critically endangered. Photo: Faizal Abdul Aziz/CIFOR.
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4.3.2. Nature's Contributions to People

Even though they are small, covering just 3.7% of Asia’s land surface area, peatlands make many
contributions to people. Local communities living in and around peatlands are those who benefit

the most. For example, an average of 104 people per km? live in or around peatlands in Indonesia,

with small areas of peatlands in Sumatra and Kalimantan reporting more than 500 people per km?
(Lilleskov et al. 2019), reflecting the importance of peatlands to local communities. However, peatlands
in Asia are increasingly threatened by unsustainable land use changes, resulting in a decline in their
contribution to human well-being.

To date, research on the contributions peatlands provide in the Asia region is disproportionately
concentrated in Indonesia, contributing to the undervaluation and omission of peatland NCPs in
other parts of the region. Improved knowledge and more holistic valuation of peatland NCPs in Asia
can contribute to better awareness of peatland benefits and assessments of the impacts of different
management policies.

4.3.2.1. Material Contributions (Including Provisioning Services)

Indigenous peoples and Local Communities (IPLCs) have long valued peatlands for the material
resources that they supply. For example, peat swamp forests in Southeast Asia provide important
habitats for freshwater fishes, the harvest of which constitutes a major protein source for local
communities. Over 1,376 plant species have been identified in Southeast Asian peat swamp forests,
~39% of which are used for timber, medicine, food and other purposes (Giesen 2015), highlighting the
high economic potential of native peat swamp products. These products have been a source of local
women's economic empowerment especially where other livelihood options have not been available to
them. For instance, in Indonesia, local women weaving and selling mats from purun, a sedge plant in
peat swamps, has helped women to supplement their household income by catering for their family’s
needs as well as their own. Such empowerment has also improved women'’s position in household
decision making (Goib et al. 2018).

These ecosystems produce valuable timber, such as meranti, and non-timber forest products, such as
sago (Metroxylon sagu) and illipe nuts (Shorea spp.) (Fig. 4.5). However, technical and socioeconomic
challenges, such as the lack of market and knowledge regarding the cultivation of native peat swamp
forest species, preclude the widespread use of native peat swamp forest biomass. Instead, peat swamp
forests in Southeast Asia are often cleared for monoculture oil palm, timber and pulpwood plantations
(see § 4.4), and may be further used to cultivate rice and vegetables. More recently, efforts to reconcile
biomass production and peatland conservation have created interest in paludiculture, the production and
use of biomass on wet and rewetted peatlands (Fig. 4.5 and Box 4.1).

Similarly, in boreal and polar regions peatlands provide populations with berries, mushrooms, reindeer
herding areas as well as fishing and hunting grounds (Joosten et al. 2012).

Box 4.1. Paludiculture in Indonesia

Multiple pilot studies in Indonesia are currently underway to investigate the feasibility and
sustainability of paludiculture systems, including fish and other aquatic species’ production.
Scenario analyses comparing rattan (Calamus rotang), jelutung (Dyera costulata), and oil palm
(Elaeis guineensis) monoculture production on peatlands in South Sumatra showed that while
oil palm generated the highest benefits, these were negated by the social costs of peatland
fires (Tarigan et al. 2021), let alone the high carbon emissions.

Analyses conducted in Central Kalimantan comparing timber, oil palm, rattan, and paddy rice
production on peatlands yielded similar findings, where oil palm and paddy rice production
incurred high carbon emission costs due to the drainage involved during land use conversion
(Sumarga et al. 2015; 2016). With further work on value chains, the benefits of paludiculture
production using native peatland species, may exceed those of oil palm (Sumarga et al. 2016).
Further research on the gender dimension of oil palm and paddy rice production is required. So
far, indications are that productive opportunities outside the home often tend to benefit men,
further widening the gender gap.
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Figure 4.5 (A) Trunks of mature Sago Palm (Metroxylon sagu) transported through the canal for milling the starch in Riau Province,
Indonesia. (B) Peat moss paludiculture nearly cover all the landscape suitable for peat moss cultivation in Jiading Town, Guizhou
Province, China.(C) Peat mosses in paludiculture being carried back for wind-drying at the backyard in Jiading Town, Guizhou
Province, China.

Photos: A - Daniel Murdiyarso; B, C - Zhao-Jun Bu
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4.3.2.2. Non-material Contributions (Including Cultural Services)

Traditionally, IPLCs living in and around peatlands have depended on the ecosystem for their
livelihoods. Many of these communities developed place-based knowledge (i.e., traditional or local
ecological knowledge) and beliefs about peatlands (Box 4.2), which regulate and inform community
use of peatland resources. The loss of peatlands represents a gradual erosion of traditional/local
ecological knowledge and cultural identities, which is often accompanied by the unsustainable
exploitation of peatland resources.

4.3.2.3. Regulating Contributions (Including Regulating Services)

Peatlands are globally significant terrestrial carbon reservoirs that play a key role in climate change
mitigation by storing tremendous amounts of organic carbon in vegetation and waterlogged soils
(Hergoualc’h and Verchot 2011; Warren et al. 2017; Ribeiro et al. 2021). One of the largest peat carbon
pools in Asia is found in the boreal peatlands of Asian Russia, storing an estimated 20,100 Mt and
96,200 Mt as dead wood and soil carbon, respectively (Alexeyev et al. 2000). In comparison, Indonesia
accounts for the largest area of tropical peatlands in Southeast Asia (see § 4.1) with estimates of
belowground carbon in Indonesian peatlands ranging from 13,600 — 40,500 Mt of carbon (Warren et al.
2017).

Peatlands are also important archives of past environmental conditions. Analyses of peat cores can
reveal insights on past vegetation changes, hydrological and climate conditions, and the impacts of
human activities. Radiocarbon dating of peat cores extracted from peatlands in West Kalimantan,
Indonesia, revealed varying rates of peat formation and carbon accumulation between inland and
coastal regions throughout the Late Pleistocene and Holocene, respectively. Such findings further
highlight the role of peatlands as major, and very old terrestrial carbon sinks (Ruwaimana et al. 2020).

Box 4.2. Dayak Communities on Peatlands in Central Kalimantan

Indigenous Dayak communities in the Sebangau peat swamp forest of Central Kalimantan,
Indonesia, rely on peatland resources for subsistence. For example, fish catching constitutes
a key source of protein and income for some communities (Thornton et al. 2020). The Dayak
communities living in the area possess traditional ecological knowledge of their landscape,
such as the locations, timing, and methods to maximize fish catch. Additionally, they have
developed close cultural ties with peatlands, which govern their use of the resources.

Taboos (‘pali’) surrounding the types of fish to avoid consuming and offerings to spirits for
fishing permission reflect the many ways that Dayak communities relate to and manage
peatlands. However, rapid land use changes in the surrounding areas and the modernization of
fishing technology pose challenges for indigenous communities, including women and girls, to
continue managing peatlands in traditional ways that are compatible with the natural functions
of peatlands.
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When intact, domed peatlands are essentially hydrologically self-reqgulating, maintaining high water
table level during drought seasons and preventing floods during the rainy seasons (Dommain et al.
2010; Evers etal. 2017; Lupascu et al. 2020). They retain and release waters into the surrounding
landscape and aquifers. They are instrumental to maintaining the base flows of nearby rivers and
streams (Hooijer 2005; Ishii et al. 2016). They are also important for regulating regional water quality
and quantity (Xu et al. 2018). Hydrology also partially determines the rate of carbon accumulation or
loss (i.e., in the form of peat oxidation and emissions) in peatlands. Impairments to the self-regulating
functions of peatlands following land use conversion or fires can therefore exacerbate flood and
drought risks (Evers et al. 2017; Lupascu et al. 2020).

In addition to carbon and hydrological regulations, pristine peatlands host a variety of highly
specialized plant and fish species that are adapted to the acidic and low-nutrient environment (Posa
etal.2017; Giam et al. 2012; § 4.3.2). They are also important refuges for threatened species, such as
orangutans and tigers (Posa et al. 2011; Giam et al. 2012; Husson et al. 2018). The conservation of rare
and endangered species is crucial for supporting other ecosystem services that support food security
and ecotourism.

4.3.3. Hotspots of Value

Not all peatlands of the region are studied with similar detail. The list below contains a few examples,
and reflects the knowledge and experience of the writers to this chapter.

4.3.2.1. Northeast China

Northeast China holds the largest peatland area in the country (8,287,000 hectares, Xing et al. 2015).
Northeast China peatlands are mainly distributed in the mountain regions of Great Hinggan, Small
Hinggan and Changbai Mountains from northwest to southeast, as seen in Fig. 4.6, the mountain
peatlands distribution map by elevation. Although most of the peatlands originated and developed
in the Holocene, peat depth and peatland age tend to increase from northwest to southeast. In the
Changbai Mountains, the maximum peat depth is 9.6 m with a basal age of 13,685 yrs B.P. (Zhang
etal. 2019). The peatlands in Northeast China play an important carbon sink role with a total carbon
stock of ~ 4,340 Mt (Yu et al. 2010; Xing et al. 2015). Peatlands in Northeast China not only play

key ecological functions but also provide important socio-economic resources. The people in the
peatland region reqularly pick wild fruit and collect natural vegetables every summer. Vaccinium
uliginosum, V. vitis-ideae, Lonicera caerulea, Osmunda cinnamomea and Pteridium aquilinum plants provide
indispensable economic benefits for the rural community residents (Lang 1999).

4.3.2.2. Southeast Asia

Traditionally, peatlands were perceived as marginal lands from a production standpoint. Application
of the NCP framework enables the valuation of both material and non-material contributions and an
improved assessment of trade-offs and co-benefits under different peatland uses. Identification of
valuable NCPs can thus also contribute towards the conservation of peatlands.
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Figure 4.6. Distribution of Asian Mountain peatlands by elevation (in meters above sea level).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire
Centre. For more details on the methods and references used for this map, see Annex Ill.3 Production of Thematic Maps.
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Across the region, peatlands are conserved within the boundaries of at least 26 protected areas
located in Brunei Darussalam, Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines,
Thailand, and Vietnam (Association of Southeast Asian Nations [ASEAN] 2021). Though the estimated
area of peatlands within protected areas represents only a small fraction (4.4%) of the total peatland
extent in Southeast Asia (ASEAN 2021), these conserved peatlands store massive amounts of carbon
in their biomass and peat soils and provide critical habitat for rare and endangered species, hosting
significant biodiversity. For example, more than 50 new peatland fish species have been identified,
including the smallest vertebrate in the world (Paedocypris), which lives in the peat swamp forests

of Sumatra, Indonesia and Malaysia (ASEAN 2021). Many rare and endemic plant species have also
been recorded in peatlands in the region, such as the Caimpugan peat swamp forest in Philippines
(ASEAN 2021). Within existing protected areas, peatlands have been newly documented in Cambodia,
Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, and Thailand. Unique peatland ecosystems in the
region have been documented for the first time in the last decade, including calcareous mound spring
peatlands in Myanmar and mangrove peatlands in Cambodia.

Sites of importance for the conservation of peatland biodiversity have been identified, but relatively
few new protected areas have been designated. Given the large areas of high carbon stocks combined
with high conservation values found in peatlands, Indonesia should continue to promote the protection
of conservation areas. Examples include the Wetlands of International Importance, National Parks,
such as the Berbak-Sembilang National Parks in Sumatra (3,819,837 hectares) with their water birds,
Sebangau and Tanjung Puting National Parks (983,700 hectares) in Kalimantan with their Orangutan,
and Wasur National Park (413,800 hectares), dubbed as the Serengeti of Papua. Avoiding deforestation
and drainage will not only protect the habitat of wildlife but also prevent emissions of GHGs, provide
resilience against climate change and support sustainable development for local communities.
Wetlands of these conservation areas may store carbon by as much as 1,200-1,300 tons per hectare
(Murdiyarso et al. 2010; Murdiyarso et al. 2015) depending on the peat depth.

4.3.2.3. South Asia

Peatlands in South Asia extend from coastal areas surrounding the Bay of Bengal and the Arabian and
the Laccadive Sea to the foothills of the Himalayas in Bangladesh, India, Pakistan and Sri Lanka (Khan
and Arshad 2014; Ratnayake 2020; Paul et al. 2022). In Bangladesh, peat soils are seasonally flooded,
often not drained or partially drained, very dark greyish brown to black organic soil (Hug and Shoaib
2013). Peat soils occur in the low-lying areas of the Gopalganj-Khulna region (Rahman and Khan
2022). These soils include alternate layers of peat and muck, with sometimes peat and mineral layer
at the top of the profile (Masud et al. 2011). Peat resources in the Gopalganj-Khulna region have been
seen as a potential source of energy (Rahman and Khan 2022).

In South-West India, the high rainfall and massive floods coupled with a rising sea level during the
Middle Holocene must have inundated large areas of coastal lowlands and river basins and converted
forest ecosystem into peatland with accumulation of peat almost to 2.0—3.0 m thickness (Kumaran et
al. 2016). This is one of the youngest tropical peatlands which has operated as long term carbon sink.
In the North-Eastern states of India, peat deposits are prominent in areas of elevated and domeshaped
lands and shallow basins and peat thickness is reportedly reaching to 4-10 meters (Paul et al. 2022).
Bangladesh peat has also been seen as a possible source of energy.
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4.4. Status of Peatlands, Drivers of Change and Hotspots of Change

4.4.1 Status of Peatlands

It is estimated by the Global Peatlands Assessment that around 13% of Asia’s peatlands are degraded.
Fig. 4.7 shows the proportion of drained and undrained peatlands in Asia per country (partly including
organic soils), based on the data retrieved from the Global Peatland Database compiled by the
Greifswald Mire Centre. More than 80% of peatlands in North Korea, India, and Bangladesh have been
drained for forestry, agriculture or peat extraction.

Greenhouse gas emissions from degraded peatland are estimated at close to 1,021 Mt CO,e per year.
Fig. 4.8 shows the annual GHG emissions from organic soils drained for forestry, agriculture and peat
extraction in key Asian countries. For example, Indonesia is responsible for GHG emissions of nearly 668
Mt CO,e per year, followed by China, whose drained organic soils are responsible for GHG emissions
of approximately 230 Mt CO_e per year. The two countries contribute to 80% of the total GHG annual
emissions in the region from organic soils drained for forestry, agriculture and peat extraction.

Figure 4.7. Proportion of drained (red) and undrained (blue) peatlands in Asia per country (partly including organic soils). Calculations
are based on the drained area for forestry, agriculture and peat extraction. *Sum of Asian countries with less than 100,000 hectares of
peatland area.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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Figure 4.8. Top 10 countries emitting GHG from peatlands in Asia, representing 98% of total peatlands emissions in the region.
Calculations are based on the peatland drained area for forestry, agriculture and peat extraction and IPCC (2014) emission factors
including CO,, CH, N0, DOC, and emissions from ditches. Includes only net, on-site GHG emissions. Wildfire emissions are

not included.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.

4.4.1.1. Southeast Asia

Southeast Asian peatlands have historically been used by humans for slash-and-burn agriculture,
logging, grazing, cut-and-carry practices, harvest of non-timber forest products and fishing, causing
small-scale disturbances (Anshari et al. 2004; Yulianto et al. 2005; Cole et al. 2015; Hapsari et al. 2018).
However, in the past 30 years, Southeast Asian peatlands have undergone dramatic changes with
large areas being converted into plantations or agriculture or degraded by intensive logging, drainage
and fire (ASEAN 2021). Managed land-uses in converted peatlands are dominated by industrial and
smallholder oil palm and pulpwood plantations (Koh et al. 2011; Miettinen et al. 2012; Miettinen et

al. 2016). The majority of remaining peat swamp forest cover has been affected by logging. A large
proportion of peatlands are covered by open undeveloped areas and secondary regrowth (Miettinen
etal. 2016), an intermediary stage between pristine peat swamp forest and managed land (Miettinen
etal. 2012). The estimated area of peatlands included in protected areas is approximately 1.7 million
hectares or about 4.4.% of the peatlands in the region (ASEAN 2021). Nevertheless, the protected
areas also face challenges from illegal logging, encroachment and fire.

4.4.1.2. Northern Asia

In the heavily swamped regions of the Asian part of Russia, peatlands are changing indirectly due

to the construction of roads and infrastructure for oil and gas production. In the southern part of

the taiga zone in the Asian part of Russia (south of Western Siberia, in the Far East, e.g., Sakhalin)
some peatlands have become an object of interest for drainage-based agriculture and forestry, and in
places, driven by the local need for fuel or growing media, for peat extraction (Minayeva et al. 2009). In
highland (forest-steppe and steppe) areas (Mongolia, Ruoergai Plateau in China etc.), use of mires for
pasture is increasing while pasture productivity on mineral soils decreases because of a more

arid climate.
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4.4.2. Drivers of Change
4.4.2.1. Central Asia

The key threat to highland peatlands of Central Asia (Mongolia, Qinghai-Tibet Plateau of China, etc.)
is overgrazing by livestock. This is rapidly increasing due to the growing numbers of animals and
the decreasing productivity of pastures on mineral soils in the current warming and drying climate
(Joosten et al. 2012).

4.4.2.2. Northern Asia

Throughout Northern Asia, peatlands are affected by climate change, especially at high latitudes. The
remains of permafrost peatlands from previous colder paleoclimate epochs can be found up to the
highlands of Mongolia and maritime northern Sakhalin. In the Asian part of Russia alone, permafrost
peatlands occupy more than 20 million hectares (more than 13 million hectares are palsa, the rest are
polygonal) and more than 50 million hectares are represented by shallow peatlands on permafrost
(primarily tundra) (Vompersky et al. 2005).

Permafrost thawing is widespread from the Arctic to eastern Siberia and the uplands of Mongolia.
When dry, peat serves as an insulator. When wet, it serves as a conductor of heat. Warming has an
ambiguous effect on permafrost peatlands, such as polygonal and palsa mires, as well as shallow
peat tundra. Human impact increases the vulnerability of peatlands. Roads and drainage change the
water regime in tundra and taiga, overgrazing in steppe and forest steppe disturbs the vegetation
cover that protects the peat from water and wind erosion and from permafrost thawing. Humans
are responsible for most of the peat fires that occur in all natural areas where there are peatlands
(Minayeva et al. 2013).

4.4.2 3. Northeast China

In Northeast China, especially the Changbai Mountains, rice and corn cultivation in peatlands has been
widespread since the 1980s. A smaller area of peatlands was drained both for forestry and croplands
since the 1960s in the Great Khingan Mountains (Chai 1990). Even in the Sanjiang Plain, where marsh
is dominant, peatlands are still being developed in some waterlogged areas. Since the 1950s, nearly
270 million hectares of wetlands, including some peatlands, have been opened-up for rice, soybean
and corn cultivation (Ma et al. 2015).

4.4.2.4. Southeast Asia

Logging, drainage and conversion to industrial plantations and agriculture and recurrent fires are

the main direct drivers of peatland degradation in Southeast Asia (Fig. 4.9). Legal and illegal logging
activities also contribute to peat swamp forest degradation and loss, through tree removal as well as
the construction of logging roads and drainage canals (Franke et al. 2012). Infrastructure and housing
development, oil production, peat mining, intensive agriculture, charcoal production and hunting also
pose threats to peatlands in the region (ASEAN 2021). Conversion of peat swamp forest to industrial
and small-scale plantations entails drainage of soils, land-clearing fires, drastic changes to vegetation
cover and fertilizer application. All these activities dramatically increase GHG emissions (Yule 2010;
Hergoualc'h and Verchot 2014).

The degradation and drainage of peatlands is commonly associated with heightened fire and flood
risks, and results in potentially irreversible changes to the function of the ecosystem. One of the
biggest threats to peatland hydrology is drainage using canals, leading to peat loss and subsidence.
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Comparisons of peat subsidence between Acacia plantations and native peat swamp forests in
Indonesia showed an average subsidence rate of 4.3 centimetres per year in plantations been drained
with these effects extending into nearby forests (Evans et al. 2019). In areas near the coast, continual
subsidence can lead to saltwater intrusion that results in the land being lost and or becoming
unproductive.

Drained peatlands are more susceptible to fires. These fires are particularly serious when the region
experiences dry climatic conditions (Field et al. 2016). Once a peatland is burned, it also burns easily
again (Joosten et al. 2012). For example, the drainage and conversion of peat swamp forests in
Southeast Asia to oil palm and Acacia plantations render the ecosystem susceptible to fires and
promote the growth of non-woody vegetation conducive to repeated burning.

These direct drivers are themselves influenced by complex socio-economic, policy and climatic
factors. Heavy reliance on natural resource extraction, drainage-based plantations and agriculture, e.q.,
attempts to cultivate rice on peat, combined with government policies permitting peatland use have
played a role in the rapid conversion and degradation of peatland in Southeast Asia over the past three
decades (Brockhaus et al. 2012; Lilleskov et al. 2019; Naylor et al. 2019).

Figure 4.9. Examples of disturbed peatlands in Southeast Asia. (A) Oil palm plantation on a tropical peatland in Sarawak, Malaysia. (B)
Drainage canal in converted tropical peat swamp forests in South Sumatra, Indonesia.

Photos: A - Susan Page; B - Faizal Abdul Aziz
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Table 4.4. Peat swamp forest cover and cover change (hectares) in Southeast Asia from 1990 to 2010. Numbers in brackets indicate
percentage of loss in 2010 compared to 1990.

Source: Miettinen et al. 2012.

] o a0 | chawe |

Peninsular Malaysia 379,700 280,800 229,900 149,800 (39)

Borneo 4,926,100 3,636.900 2,746,500 2,179,600 (44)
Sumatra 4,921,600 3,078,500 1,806,900 3,114,700 (63)
Total 10,227,400 6,996,200 4,783,300 5,444,100 (53)

4.4.3. Hotspots of Change

Peat swamp forests in Southeast Asia have been subject to conversion for plantations, agriculture
and infrastructure development. As shown in Table 4.4, the region has lost more than a half of its peat
swamp forests during the period between 1990-2010. During the same period, the GHG emissions
from peat swamp deforestation and degradation (including peat decomposition and fires) in Indonesia
were reported to be as much as 650 Mt CO_e (Indonesian Government 2016).

4.5. Policy Context, Options for Action and Hotspots of Response

The following section displays some recent examples of peatland related policies, actions and needs
in the countries and within subregions.

4.5.1. Policy Context

In the People’s Republic of China, the Wetland Managing Department of the National Forestry and
Grassland Administration is responsible for managing peatlands and their services. Its major duties
are to draft laws and regulations and departmental rules for wetland protection and management. The
Department also formulates national and regional wetland protection policies and plans, organizes and
implements wetland ecological restoration and ecological compensation, and supervises and guides
the protection, development, and utilization of wetlands. It also organizes and carries out national
wetland resource monitoring and evaluation, among other duties. In June 2022, China introduced the
Wetland Protection Law stipulating that local governments shall formulate special protection plans for
peatlands and take effective measures to protect peatlands. According to the law, local governments
at or above the county level where peatlands are located must formulate special plans and take
effective measures to protect peatlands. Peatlands with important ecological significance should be
included in the list of national important wetlands. It is forbidden to mine peat, exploit underground
water and discharge water stored in peatlands without authorization.
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As an example of a regional-level framework, in Southeast Asia, the ASEAN Peatland Management
Strategy (APMS) is guided by the ASEAN Agreement on Transboundary Haze Pollution (AATHP).
ASEAN Member States are encouraged to develop respective National Action Plans on Peatlands
(NAPP) with reference to the APMS as a guiding document for actions to support management of
peatlands in the region. The APMS was prepared in response to the pressing need recognized by
both local and international communities for wise use and sustainable management of peatlands as
well as the threat of peatland fires and its associated haze to the economy and health of the region,
and its contributions to GHG emissions and climate change. Six out of ten ASEAN Member States
have National Action Plans (NAPP) - Brunei Darussalam, Indonesia, Malaysia, Philippines, Thailand
and Vietnam - each at different levels of development and implementation. An ASEAN Task Force on
Peatlands (ATFP) was established to oversee implementation of the NAPP and APMS by the ASEAN
Member States for national level activities and at ASEAN level through regional cooperation.

4.5.1.1. Indonesian Example

The Indonesian peatland management has been regulated with a large number of laws and
regulations, public policies, including regulations coming from different decision-making bodies, and
with different levels of duration (see Fig. 4.10). As in all countries, policies are balancing between
interests and needs. Harmonization and alignment of the policy framework so that it will lead to the
achievement of the ambitious long-term climate goals, is an ongoing effort (Indonesian Government
2021).

On 20 May 2011, the government of Indonesia released Presidential Instruction (Inpres No. 10/2011)
on ‘The postponement of issuance of new licences and improving governance of primary natural
forest and peatland’. The instruction follows Indonesia’s cooperation under the Letter of Intent (Lol,
from 2010) with the government of the Kingdom of Norway. The Inpres, which was later known as
“Forest Moratorium”, effectively imposed a 2-year moratorium on new forest concession licences on
primary forests and peatlands (Murdiyarso et al. 2011). After being renewed three times, a permanent
moratorium was declared in 2019 with certain exceptions and based on a map (referred to as PIPPIB
for its acronym in Bahasa Indonesia) that is updated every six months. While this is a step in the right
direction, the decree has encountered difficulties due to a lack of law enforcement at the levels where
most of these decisions occur, i.e., at the village, district, and provincial scales (Uda et al. 2017).

The reported effect of the Forest Moratorium was a significant reduction of primary forest loss of
856,000 hectares in 2012 to 667,000 hectares in 2015. Later, it was reported that the rate of forest
loss has been declining from 2015 to 2018. Deforestation of 440,000 hectares was reported in 2018,
slightly lower than the 2017 number of 480,000 hectares (Wijaya et al. 2019). Deforestation of 462,500
hectares took place in the period 2018—2019, plummeting to just 115,500 hectares in 2019—2020
period, i.e., dropping drastically by 75.03%. With such impressive reductions two years in a row,
Indonesia seems to be moving in the right direction to achieve the forestry sector’s goals for the
country’s Nationally Determined Contribution (NDC) stipulated in the Paris Climate Agreement. In its
Long-Term Strategy (LTS) Indonesia aims to reach net zero emissions by 2030 in the forest and other
land use sector, including peatlands (Indonesian Government 2021).

Immediately after the Paris COP-21 in December 2015, the President of the Republic of Indonesia
released a Regulation (Perpres No. 1/2016) to restore 2.4 million hectares of degraded peatlands by
establishing the Peatland Restoration Agency (known as BRG until the end of 2020). This is in line
with a stronger Government Regulation (PP No. 57/2016) on Peatland protection and management
released in the same year.
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The tasks of the BRG were not completely accomplished when the regulation expired in 2020. As
part of the lessons learned, the work on monitoring successful peatland restoration building on

a baseline and including a consistent set of criteria and indicators was started with a delay, and

its implementation carries on. The BRG's mandate was continued to restore 1.2 million hectares

of degraded peatland in addition to rehabilitation of more than 600,000 hectares of mangroves.
Subsequently, BRG was renamed as the Peatland and Mangrove Restoration Agency (BRGM) and
legalized (Perpres No. 120/2020). These ambitious targets and policies, together with the improvement
of the monitoring systems for forests, peatlands and fire risk, highlight the commitment of Indonesia
to scale up peatland protection and restoration. Further refinement of peatland restoration, deepening
the understanding of full rewetting and other capacity development combined with law enforcement
will support Indonesia in the coming years with meeting its climate commitments.

Recognizing the hydrological connectivity of peatlands, the Indonesian Government has also

legally defined Peatland Hydrological Units (PHU) as peatland areas that are bounded by at least

two waterbodies and which would serve as the basis for peatland governance and management
(Regulation No. 57/2016). Indonesia has made the choice that at least 30% of each PHU needs to

be allocated for conservation. In a more recent regulation (Ministry of Environment and Forestry
regulation no. 10/2019), where a PHU has >30% conservation areas and at least one peat dome peak,
existing plantation operations are only allowed to continue until the end of their concession licenses
(Tan et al. 2022).

4.5.1.2. Rest of Southeast Asia

Peatlands in Thailand are distributed mainly in the southern part of the country, in Nakhon Si
Thammarat and Narathiwat Districts. Agricultural use of peatlands, which began in the late 1960s, was
not successful, necessitating reclamation through government intervention. Three management zones
were then established: a development zone (for specific uses), a conservation zone (for rehabilitation),
and a protected zone (for climax peat swamp forests).

Figure 4.10. Three decades development of Indonesian peatland regulations for their protection and sustainable management.
Source: Budisusanti 2022.

116



Narathiwat district, where the Princess Sirindhorn or Pru To Daeng Wildlife Sanctuary is located, has
approximately 42,000 hectares of peatlands. A total of 48% of these peatlands have been designated
as a protected zone (Vijarnsorn 2021) and are being managed by the Royal Forest Department and
Department of National Park, Wildlife and Plant Conservation. The conservation zone was established
for restoration and reforestation. The development zone occupies 39% of peatlands and is an area
designated for drainage-based agriculture. However, cultivators that have tried to farm on peatland
soils have had significant problems (Vijarnsorn 2021).

In Vietnam, the peatland area is very small and mostly located along the Mekong River Delta. U Minh
peat swamps located in Kien Giang and Ca Mau provinces are the main remaining peatland with an
area of 12,666 hectares (Le and Le 2021). Peat swamps in the U Minh region used to be more than
60,000 hectares but have decreased due to conversion for agriculture and peat mining. Some were
also lost due to peat fires (Le and Le 2021). The government took conservation actions during the
1980s by establishing nature reserves for small patches of these peatlands. Nature reserves were then
upgraded to national parks for 9,174 hectares of U Minh peat swamps during the 2000s, i.e., U Minh
Thuong and U Minh Ha National Parks (Le and Le 2021). In order to prevent encroachment by local
people into national park areas, the government introduced a community-based peat management
approach called a “Green Contract” in buffer zone areas. Under the Green Contract, respective
households are supported by public associations for the development of economic activities. Because
of the Green Contract, the number of illegal peatland exploitation events has decreased significantly,
and no human-caused forest fires have been reported since 2010 (Le and Le 2021).

In Malaysia, the government has been undertaking some initiatives to improve peatland management.
These include developing and implementing the National Action Plan for Peatlands (NAPP), the
National Policy on Biological Diversity 2016-2025, the National Physical Plan and the Malaysian
Sustainable Palm Oil (MSPO) Certification Scheme. In addition, an Integrated Management Plan (IMP)
and several site-specific Management Plans were developed and are being implemented.

In 2019, the Lao People's Democratic Republic was developing a wetland conservation framework

in 2019-20 under a draft Wetland Decree to be included under the Water Law that includes peatlands
(Reed et al. 2019). District and provincial authorities and local communities have been working on

an action plan for two globally important wetland landscapes in Savannakhet and Champasak
provinces. Protection and restoration of floodplains, wetlands, native fisheries and peatlands is being
undertaken in an integrated manner by the government with international support and is designed to
inform national policy. This work has also enabled the establishment of two Wetlands of International
Importance. A peatland inventory is also underway and leads to the design of specific peatland-
habitat management regimes in collaboration with local communities, including for example, artificial
canal blocking and weir repair to rewet wetlands and extend lakebed flood periods. Measures are
under development to encourage farmers to avoid intensive use of flood plains, lakes, wetlands and
peatlands, in an effort to reduce flood losses and enable landscape restoration, management and
sustainable use (Reed et al. 2019).
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4.5.2. Options for Action

1. Advance with more detailed peatland mapping and assessment efforts to document current
management and allow for holistic land-use planning.

2. Ensure that the needs and aspirations of local communities are reflected in land-use planning and
decision-making, by concrete mechanisms in which they can take part of the process from the
beginning. Ensuring that both local women and men are included as key stakeholders is crucial; as
much as possible, specific efforts should be made to build women'’s capacity and to include them
in leadership and decision-making roles.

3. Halt further conversion of peatlands through protection measures and investment.

4. Develop and scale up full rewetting of peatlands in restoration sites, combined with drainage-free
livelihood options such as paludiculture, combined with harmonized and supportive policies and
development of sustainable products and value chains.

5. Document and share knowledge and lessons learned globally on regional and south-south
collaboration initiatives that have been successful (e.g., ASEAN joint work on haze and fire,
Brazzaville Declaration to protect peatlands, GPI South South Exchanges, etc).

6. Look at including REDD+ as a tool to promote and complement other existing international
frameworks to advance the conservation of peatlands in the region, while stressing the importance
of transparency for accessing finance and capacity development.

7. Promote the transparency and clear criteria for the assessment of the results of peatland
restoration and sustainable management such as GHG emission accounting, and peatland
restoration success criteria.

4.5.3. Hotspots of Response

Protecting remaining intact peat swamp forests in Southeast Asia from degradation is important for
sustaining the important services that these ecosystems provide. The fact that peatland degradation
is extensive should be seen as a priority and an opportunity to restore peatlands and regain their
functioning (e.g., Miettinen et al. 2016) and for achieving important greenhouse gas emission
reductions. In Indonesia alone, 2.6 million hectares of degraded peatland have been identified as
priorities for restoration (ASEAN 2021).

Due to the hydrological connectivity of peat ecosystems, large-scale efforts that restore entire peat
domes are needed to re-establish peatland function (Wong et al. 2009) and have been supported

since 2017 through ministerial requlations and/or sub-regulations. Research on effective design of
large-scale restoration intervention and monitoring (Urzainki et al. 2020) as well as supportive land-
use policies (Indriatmoko et al. 2014; Dohong et al. 2018) are critically needed to support full rewetting
at landscape level. In tropical peat swamp forest ecosystems, following a single and low-intensity

fire, natural regeneration back to forest requires a much longer recovery period compared to other
tropical forest ecosystems. Where the disturbance is more extreme, the forest does not return, and the
landscape becomes dominated by fern and shrub communities. Regeneration barriers that prevent
the re-establishment of woody species, such as limited seed dispersal, low soil nutrient availability and
seasonal flooding, can be ameliorated through human assistance (FAO 2020; Convention on Wetlands
2021).
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Market-based schemes are being tested and may become increasingly widespread in Southeast Asia.
An example is the voluntary carbon market, which enables actors to offset emissions by purchasing
standards-certified carbon credits generated from carbon-saving projects. Countries that wish to
participate in the voluntary carbon market need to have strong policies and a highly transparent
registry system that avoids double counting of GHG emissions. The system also should facilitate the
application of corresponding adjustments against domestic mitigation targets in case carbon credits
are sold to other countries. Although the carbon credit market for peatlands is under discussion in
Indonesia, pilot projects are currently underway (see Box 4.3.).

From 2010-2022, significant responses have been implemented by the Government of Indonesia to
reduce emissions from the land-use sector. Among the efforts made was the enaction of a forest
harvesting moratorium that resulted in receiving REDD+ payments. In 2014-2016, Indonesia has
reported a reduction of land-based emissions by as much as 20.3 Mt CO,e and payment was made by
the Green Climate Fund following independent verification (Indonesian Government 2016).

Paludiculture has been applied to restore degraded peatlands in Southeast Asia. Key paludiculture
plant species are already identified from various commaodity categories such as food, medicines,
other non-timber forest products and a range of wood products (FAO n.d.). Case studies, although still
limited in number, show that hydrological management is often insufficient so that the potential of
reducing GHG emissions is not fully realized.

In China, there is a history of 20 years or more of extraction of peat moss in Southwest China where
annual precipitation is high. At present, peat moss production is rather successful and common

in Guizhou province, where many peatlands are degraded and croplands are transformed to
paludiculture. This also can be found in central China, but the area is not as vast as that in Guizhou.

Box 4.3. Katingan Peatland Restoration and Conservation Project

The Katingan Project is protecting and restoring 149,800 hectares of peatland ecosystems with
the objective of offering local communities sustainable sources of income and contributing

to global climate change mitigation. The project lies within the districts of Katingan and
Kotawaringin Timur in Central Kalimantan and covers one of the largest remaining intact

peat swamp forests in Indonesia. The project has been certified against the Verified Carbon
Standard and the Climate, Community and Biodiversity Standards. It is projected to reduce
around 10 Mt CO,e per year to the atmosphere (Sills et al. 2014). The project also seeks to

bring direct benefits to local communities by promoting the livelihoods of the most vulnerable
groups including women, the poor, elderly and people living with disabilities.

The Katingan Project applied for an Ecosystem Restoration Concession license covering

an entire peat dome, but to date, only half of the peat dome is protected. This could in the
project area lead to negative impacts from downstream degradation, due to the hydrological
link between downstream areas at the edges of the peat dome and upstream areas at the
centre of the peat dome where the project is located. The Katingan Project demonstrates
both the enormous potential of peatland conservation and restoration for ecosystem service
provisioning, as well as the need for institutional frameworks that facilitate large-scale
interventions in peatlands.
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Spotlight Country Cases
Indonesia

Indonesia holds the deepest and largest continuous areas of peatland in the tropics, contributing 13%
and 18% of pantropical peatland area and volume, respectively (Gumbricht et al. 2017). Indonesian
peat carbon storage is estimated to be between 13,600 — 40,500 Mt of carbon (Warren et al. 2017).
These carbon stocks are under threat from decomposition and from fires in drained peatlands.

Although fire regimes in the last three decades have changed over time, forest and land fires in
Indonesia are almost entirely related to the conversion of peatland for pulpwood plantations and
expansion of agricultural land, including oil palm. Fig. 4.11 shows the global hotspots of fire on
peatlands, having a severe impact in Southeast Asia, especially on Indonesia during strong El

Nifio Southern Oscillation (ENSO) years. The large fires in 1997-1998 occurred coincidently with

the worldwide economic downturn and strong ENSO. The inter-decadal extreme weather events
reoccurred with fire episodes of different Southern Oscillation Index (SOI) that burned large areas of
peatlands, causing immense emissions of greenhouse gases and economic loss that are summarized
in Table 4.4.

Moreover, it is better documented now that peat fire incidences are closely associated with
hydrological drought or peat dryness rather than climatological drought. The steady increase of the
affected area over the last century may be well associated with the increasing temperature (Fig. 4.9).
However, without drainage and man-made fire, peat fires are extremely rare.

Table 4.5. Indonesia’s fire episodes, area burned, greenhouse emissions and economic loss in the past three decades.
Note: Numbers in brackets indicate the percentage of peatland burned.

Burned area Southern Estimated Economic
Year ) Oscillation emission loss (Billion Reference
Index (Mt CO,e) US Dollars)
1997-1998 11.6(75) 2.7 1,500 9.3-20.1 Barber and Schweithelm 2000; Varma 2003;
Murdiyarso and Adiningsih 2006
2006 N/A =13 2,000 N/A NASA/NCAR/Univ. Toronto
2015 2.6(52) 2.2 1,200 16.1 Harris et al. 2015; Glauber et al. 2016;
Parker et al. 2016;; Wooster et al. 2018
2019 2.6 (44) -1.2 700 52 https://dataalam.menlhk.go.id/karhutla/2019;

World Bank 2019
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Figure 4.11. Hotspots of fire on global peatlands during a strong El Nifio (2015) and a moderate La Nifia year (2020).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
For more details on the methods and references used for this map, see Annex /1.3 Production of Thematic Maps.
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Malaysia

Peatlands in Malaysia are mainly lowland bogs, formed as peat swamp forests that are dome-shaped
with ombrogenous peat occupying the centre of the dome (Tie 1990; Ten and Murtedza 2002; Zulkifley
et al. 2016). Minerotrophic peatlands have been recorded in various locations such as Tasek Bera

in Pahang State. Malaysia also has upland peats located on top of mountains, e.g., the Cameron
Highlands, Mount Kinabalu and other high-altitude areas. The area of peatlands in Malaysia has been
estimated at 2.56 million hectares (Table 4.5) based on an analysis undertaken in 2019 with reference
to data from the State Agricultural Departments of Peninsular Malaysia, Sabah and Sarawak (DOE
20193, b). This study estimated that Malaysia has 2,560,341 hectares of peatlands of which 714,156
hectares is in Peninsular Malaysia, 200,600 hectares in Sabah and 1,645,585 hectares in Sarawak.

Due to their fragile nature, any disturbance of these peatlands is expected to change their natural
ecological balance. Therefore, many environmental issues ranging from loss of biodiversity, loss of
habitats, loss of biomass and increased carbon emissions can be expected if they are damaged. This
damage will then make floods worse and fires more frequent.

Figure 4.12. Time series of hydrological drought for 1901-2015 across Borneo.
Source: Taufik et al. 2017.

Table 4.6. Peat distribution in Malaysia (adapted from DOE 2019).
Note: * Data of 2017 from Department of Statistics, Malaysia **DOE (2019)

Peat soils in State - % peat soil
* o,
“ Land Area (ha) ha)** % peat ol (State) count

Johor 1,916,600 187,151 9.76 7.31
Kelantan 1,504,000 7,692 0.51 0.30
Negeri Sembilan 665,600 6,220 0.93 0.24
Perak 2,097,600 75124 3.58 2.93
Pahang 3,596,500 196,050 5.45 7.66
Sabah 7,390,400 200, 600 2.71 7.83
Sarawak 12,445,000 1,645,585 13.22 04.27
Selangor 795,100 173,198 21.78 0.76
Terengganu 1,305,200 ©68,338 5.24 2.67
Wilayah Persekutuan (Putrajaya) 10,429 383 3.67 0.01
Total Malaysia Land Area 33,062,100 2,560,341 7.74 100.00
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Regional Highlights

Key Facts
KEY REGIONAL DATA PRODUCED FOR THE GLOBAL PEATLANDS ASSESSMENT 2022'
Total peatland area (hectares) 58,755,644 ha
Peatland cover over total region surface area (%) 6.0%
Degraded peatlands (%) 46.4%
Annual GHG emissions from peqtlands (Megatons of 582.0 Mt COLe / yr
carbon dioxide equivalent emissions per year) 2
Undegraded peatlands (%) 53.6%
Peatlands within protected areas (%) 19.7%

1. European Russia (20,800,000 ha)
2. Finland (8,313,381 ha)
Top 5 Countries with largest peatland area (hectares) 3. Sweden (6,797,032 ha)
4. Norway (4,865,000 ha)
5. Belarus (3,014,298 ha)

ADDITIONAL DATA

Total peatland carbon stock? (Megatons of carbon) 43,620 Mt C

Threatened peatland species® (VU = vulnerable; Flora: 6 VU, 10 EN, 5 CR

EN = endangered; CR = critically endangered) Fauna: 32 VU, 12 EN, 8 CR

Ramsar Wetlands of International Importance with peat* 456 sites (40.5% of total Ramsar sites in Europe)

" Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.

2Joosten, H. (2009). The Global Peatland CO, Picture. Peatland status and drainage associated emissions in all countries of the World. Wetlands International,
Ede, 10 p. + tables.

°Data extracted from the IUCN Red List of Threatened Species.
“Data extracted from the Ramsar Sites Information Service.
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Peatlands in Europe are distributed unevenly with a higher density in the northern areas, highlands
and coastal areas. They are sparsely distributed in steppe and broadleaved forest zones. Europe is the
continent with the largest proportional losses of actively accumulating peatlands (mires) in the world.
Even so, it still comprises significant mire diversity. The economic use of peatlands began in Europe
over a thousand years ago and includes a wide range of uses from food, timber and energy production
to collection of medicinal plants, reeds, hunting and ecotourism. However, economic use of peatlands
damages their biodiversity, reduces their ability to clean water and hampers their potential to store
carbon.

About 10% of the former European peatland area has already been completely lost through drainage
for agriculture, forestry and peat extraction and about 46% of the current European peatland area is
classified as degraded, in the EU even 50%. This makes Europe the world’s second largest greenhouse
gas emitter from drained peatlands. Climate change also induces peat loss from undrained peatlands
as a result of extensive droughts and/or heatwaves, fire, vegetation change, and permafrost
degradation. The large and rapid losses of old permafrost carbon have only recently commenced and
will increase in the future. The problems associated with unsustainable peatland management (incl.
drainage for agriculture and forestry) in Europe have not been fully addressed in land-use and climate
policies. Furthermore, the EU and national agricultural policies with established subsidy systems do
not support development of sustainable peatland management practices.

Peatland protection and restoration towards natural functioning is essential for cost-efficient climate
change mitigation and for maintaining biodiversity and water related services. Both raising the water
level in managed peatlands for more sustainable use in forestry and agriculture, and restoration for
protection, should be considered across the region.

Inclusive engagement of, and support to, local communities (especially women and girls from
lower socioeconomic status, minorities and Indigenous Peoples) in making use of new policies and
initiatives for sustainable peatland use are relevant for enabling transition to a climate-neutral and
resilient society.
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5.1. Biomes and Ecological Zones

5.1. Biomes and Ecological Zones

The most comprehensive analysis of mire regions in Europe delineates ten main regions and 52
sub-regions (Moen et al. 2017; Tanneberger et al. 2021a; Fig. 5.1). Traditionally European mire regions
have been also distinguished according to ecological zones. We apply this distinction here for ease of
discussion (Fig. 5.2).

The Arctic seepage and polygon mire region (I; 6% peatland cover) covers northernmost Europe,
mainly in the Russian Federation, including the Russian arctic islands and Svalbard. The region
has a dry and cold climate with permafrost and little snow. Tundra seepage and polygon fens

are characteristic, and the degree of degradation is low (1%). However, infrastructure projects

and vehicle travel are increasingly threatening these highly vulnerable Arctic peatlands, which is
potentially more damaging under current climate change conditions (Minayeva et al. 2016). Only a
relatively small proportion of these mires are protected (Sirin et al. 2017).

The Palsa mire region (II; 13%) covers large areas in the Russian Federation and in northern
Finland, Sweden and Norway (including mountainous areas). The characteristic mire type is the
palsa mire (high palsa more in the western part, and flat palsa on the eastern plateaus). The
degree of degradation is low (6%). There is no drainage. There are only roads and other linear
structures that are currently affecting negligible areas compared to the total peatland cover.
However, the average figures do not reflect the concentration of impacts in individual regions. And,
as for the rest of the Arctic region, these growing threats occur against the background of climate
change.

The Northern fen region (Aapa mire region) (lll; 27%) covers large areas in the boreal vegetation
zones in northern Europe. String-flark mires are very common in the central and continental parts
(Sweden, Finland, Russia), with sloping fens in the more oceanic areas (Norway). About one
quarter of the peatlands are degraded through drainage intended to improve forest productivity.
On average, 13% of the peatland area is within protected areas. In European Russia, the Republics
of Karelia and Komi have a particularly highly developed system of federal, regional and local
protected areas (Sirin et al. 2017).

The Typical raised bog region (IV; 31%) is found in Fennoscandia, the Baltics and northern Russia.
Characteristic mire types are typical raised bogs and wooded raised bogs. This region is densely
populated and about one quarter (or without European Russia: one half) of the peatlands are
degraded. Raised bogs themselves have suffered losses and degradation to a lesser extent than
fens. This is especially true for those in river valleys, which are of greater economic interest and
cover smaller areas. Some 10% of the peatlands are within protected areas, which is a low overall
proportion, yet a large absolute area given the high peatland coverage of the region.

The Atlantic bog region (V; 6%) is located along the oceanic coast of western Europe, from
Portugal to Ireland, the northwestern parts of the United Kingdom of Great Britain & Northern
Ireland (GBR) and western Norway. The region is characterised by Atlantic raised bogs and

blanket bogs. For centuries, these peatlands have been heavily impacted by agricultural drainage,
afforestation, peat extraction for fuel, and over-grazing by domestic animals (the latter two causing
effects mainly since the 1970s) (Moen et al. 2017). Today, the majority of these (former) mires
(68%) are damaged. More than half of the peatland area is located in protected areas but this does
not change the fact that the peatlands are already degraded.
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+  The Continental fen and bog region (VI; 12%) stretches from the Polesie (eastern Poland,
southern Belarus, northern Ukraine) to large parts of Central European Russia. The region is
characterized by mosaics of fens and bogs. Most of these are wooded raised bogs in the north
and percolation fens in the south. The long land use history of this region combined with its more
southern location has led to a high degree of peatland degradation (52%). The degree of protection
is low (15%).

The Nemoral-submeridional fen region (VII; 3%) comprises large parts of England, France,
Germany, and other Central European countries and extends as a narrow belt towards the Ural
Mountains. Flat fen is the most characteristic mire type, while plane bogs and percolation fens
occur. The majority of these peatlands are degraded (63%). Although half of the total peatland
area is located in protected areas, here and in other regions this ‘protection” has neither effectively
protected nor restored these peatlands.

+  The Colchis mire region (VIII; <1%) is the smallest mire region and located at the Black Sea
coast in Georgia, i.e,, in the sub-meridional vegetation zone and highly oceanic vegetation section.
The region is characterized by percolation bogs, which are unique to this region. Only 5% of the
peatland area is degraded. Almost half of the peatlands lie within protected areas.

The Southern European marsh region (IX; 2%) comprises wetlands of southern Europe from the
Iberian Peninsula to Azerbaijan, around the Mediterranean and Black Sea. The region stretches
from west to east over the warmest and driest parts of continental Europe. Most wetlands are
located in river deltas and floodplains, coastal lagoons and alongside freshwater lakes. The
peatlands often have only a thin peat layer and most of them are heavily influenced by drainage
(52%) or have already disappeared. Protected areas cover 43% of the peatland area.

+  The Central and southern European mountain compound region (X; <1%) is different from other
regions, as it relates to the vertical distribution of mire types. It occurs in the mountain areas of
central and southern Europe. Flat fens and percolation fens are most common, but also sloping
fens and bogs occur, and about one third is degraded. More than half of the peatland area is
located in protected areas.

Fig. 5.3 shows some examples of peatlands in the region.
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Figure 5.1. European mire regions (see text above) and peatland distribution inside and outside protected areas.
Source: Tanneberger et al. 2017.
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Figure 5.2. FAO ecological zones in relation to European mire regions and subregions according to FAO and Moen et al. 2017,
respectively European mire regions and subregions: I Arctic seepage and polygon mire region (/1 Northern, 12 Middle, I3
Southern), Il Palsa mire region (I/1 Fennoscandian, 112 North-Kola, 113 Lower Pechora, 114 East-Nenets), lll Northern fen (aapa
mires s.1.) region (Il1 Northwestern, 1112 Northern, 1113 Main, 1114 Southern, 1115 Northeastern, 1116 Northwestern alpine, 1117 Ural),
IV Typical raised bog region (I\V'1 Fennoscandian plateau bog, V2 Fennoscandian eccentric bog, IV3 Baltic plateau bog, 1V4
Finland/Karelia concentric bog, 1V5 Finland/Karelia eccentric bog, IV6 White Sea, IV7 Northeastern, IV8 East-Baltic, IV9 Central
European upland), V Atlantic bog region (\/1 Ireland-Britain raised bog, V2 Western Ireland blanket bog;, V3 Ireland-Britain blanket
bog, V4 Northwestern lowland; V5 Boreal (Norway); V6 Southern, V7 Azores), VI Continental fen and bog region (V1 Polesia, VI2
East-European), VIl Nemoral-submeridional fen region (VI/1 British lowland, VII2 West-European lowland, VII3 Danish and Baltic
Sea lowland, VIl4 Central European lowland, VII5 Central Russian), VIII Colchis mire region, IX Southern European marsh region
(IX1 Western, IX2 Po delta, IX3 Pannonian (Hungarian) plains, IX4 Lower Danube, IX5 South-Russian, IX6 Eastern), X Central and
southern European mountain compound (X1 Cantabrian mountains, X2 Pyrenees mountains, X3 Alps, X4 Western mediterranean
mountains, X5 Mountains of the Balkan peninsula, X6 Carpathian mountains, X7 Humid Caucasus mountains, X8 Semi-arid
Caucasus and Turkey mountains.
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Table 5.1. European mire regions in relation to FAO ecological zones.

Notes: FAO ecological zones that cover a major area of the respective mire region are in bold. Azores and Franz Josef Land omitted
from the map but included in the classification of mire regions. For peatlands in Greenland, please see Chapter 7.

European mire regions FAO ecological zones

| Arctic seepage and polygon mire  Polar

Il Palsa mire Polar / Boreal tundra woodland / Boreal coniferous forest / Boreal mountain system

Il Northern fen (aapa mires s.I.) Polar / Boreal tundra woodland / Boreal coniferous forest / Boreal mountain system /
Temperate oceanic forest

IV Typical raised bog Boreal coniferous forest / Temperate continental forest/ Polar/ Boreal mountain
system / Temperate oceanic forest / Temperate mountain system

V Atlantic bog Boreal mountain system / Temperate oceanic forest / Temperate continental forest /
Temperate mountain system / Subtropical dry forest / Subtropical mountain system

VI Continental fen and bog Boreal coniferous forest / Temperate continental forest / Boreal mountain system /
Temperate mountain system / Temperate steppe

VIl Nemoral-submeridional fen Temperate oceanic forest / Temperate continental forest / Temperate mountain
system / Temperate steppe / Subtropical dry forest / Subtropical mountain system

VIII Colchis mire Subtropical humid forest

IX Southern European marsh Temperate continental forest / Temperate steppe / Subtropical dry forest /

Subtropical mountain system / Temperate oceanic forest / Temperate mountain
system / Temperate desert / Subtropical steppe / Subtropical humid forest

X Central and southern European ~ Temperate mountain system / Subtropical mountain system / Subtropical steppe/
mountain compound Temperate oceanic forest / Temperate continental forest / Temperate desert /
Subtropical dry forest / Subtropical humid forest
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Figure 5.3. Peatland diversity in Europe (A) Aapamire in the Oulanka National Park (Finland), (B) Dikoe fen mire (Belarus) (C) Pristine
patterned peatland in the Flow Country of northern Scotland (UK) (photos: A - Elisabet Rams-Beltran; B — Maria Antonova, C — Susan
Page)
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5.2. Peatland Distribution and Extent

Peatland maps of Europe show mire regions (e.g., Kats 1971), the general occurrence of peatlands
(e.g., Lappalainen 1996) or peat soils based on topsoil organic carbon and the European Soil Database
(Montanarella et al. 2006). The first comprehensive peatland map for the whole of Europe as a
composite map of national datasets was published in 2017 (Tanneberger et al. 2017) along with the
book “Mires and Peatlands of Europe” (Joosten et al. 2017). All maps of Europe in this GPA are based
on this map with some data updated. Peatlands in Europe cover an area of almost 59 million hectares,
representing 12% of global peatlands. They are distributed unevenly with higher density in the northern
areas, highlands and coastal areas (Fig. 5.4), and sparsely distributed in steppe and broadleaved forest
zones (Moen et al. 2017; Tanneberger et al. 2017).

Figure 5.4. Peatland distribution in Europe (partly incl. organic soils).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
For more details on the methods and references used for this map, see Annex IIl. Production of the Global Peatland Map 2.0.
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The largest mire systems in Europe are the mire “Ocean” (178,000 hectares) in the Republic of Komi
and Polisto-Lovatsky mire (96,000 hectares) in northwest Russia (Bogdanovskaya-Guiheneuf 1969).
The smallest mires are in the highlands and in the steppe zone (a few square meters). Across Europe,
the average peat depth is 3 to 4 m, maximum peat depths are usually 10-12 m (Moen et al. 2017,
Tanneberger et al. 2017). The deepest peatland in Europe is Philippi peatland (Greece) with up to 190 m
depth, offering the unique opportunity for studying the transition from peat to coal at a depth of ¢. 120
m (Melidonis 1981). Fig. 5.5 shows the proportion of Europe’s total peatland area per country.

The degree of peatland degradation increases from arctic to temperate regions. Due to the large area
of drained peatlands, the EU is the world’s second largest emitter of GHG from drained peatlands. In
many European countries, National Inventory Submissions to UNFCCC substantially underestimate
peatland GHG emissions (Barthelmes 2018). Consequent implementation of the IPCC Wetlands
Supplement does increase annual EU wide emissions from agriculture on organic soils from 92 Mt
reported in national submissions to UNFCCC to 167 Mt CO,e (Martin and Couwenberg 2021) based on
Global Peatland Database.

The European mire regions (see Fig. 5.1) with the least degraded peatlands are the Arctic seepage
and polygon mire region (1%) and the Palsa mire region (6%). The proportion of degraded peatlands

is particularly high in the Atlantic bog region (68%) and the Nemoral-submeridional fen region (63%),
followed by the Southern European marsh region (53%) and the Continental fen and bog region (37%).

If excluding European Russia, the third most degraded region is the Continental fen and bog region
(58%), followed by the Typical raised bog region (49%) and the Southern European marsh region (47%;
(Tanneberger et al. 2021a). The degradation status in highland peatlands is not specifically estimated
and demands special attention. It is critical also to include peatland loss and indirect degradation
caused by human induced climate change, such as permafrost thaw in polar and boreal zones.

Figure 5.5. The distribution of European peatlands in aggregated FAO Global Ecological Zones.
Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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5.3. Biodiversity, Nature's Contributions to People and Hotspots of Value

5.3.1. Biodiversity

In more than half of Europe’s mire regions, less than 17% of the peatland area is inside protected
areas (Fig. 5.1; Tanneberger et al. 2021a). Fig. 5.6 shows the peatland protection in the region. The EU
European red list of habitats (European Environment Information and Observation Network [EIONET]
Forum 2016; Janssen and Rodwell 2016) contains thirteen treeless mire habitats, three of which are
listed as endangered and one as critically endangered.

Peatlands (or peat/peaty soils) are also recorded in other rare habitat categories. These include
freshwater habitats, grasslands, heathland and scrub as well as forests (Fig. 5.7). Due to a reduction
of traditional land use practices, anthropogenic mire habitats (grassland on peat, Fig. 5.7) are also
endangered. Taking the non-EU countries into consideration, the list of rare mire habitats would appear
differently. Raised bogs and spruce dominated peatlands are not endangered within the Carpathian
and Ural Mountains, or the Russian part of East European Plain.

Mire species usually comprise not more than 15% of local flora and fauna (Minayeva et al. 2016).
The proportion of endangered species in mires is often higher than in other ecosystems. The IUCN
Red List contains nine species of European mire vascular plants and five species of birds. Key
umbrella or flagship species for European fen mires are the Aquatic Warbler (Acrocephalus paludicola)
(Tanneberger and Kubacka 2018), the Fen Orchid (Liparis loeselii) and (for European bogs) the Golden
Plover (Pluvialis apricaria). In raised bogs, the Wood Sandpiper (Tringa glareola) is a key species.

Figure 5.6. Top-10 countries holding the largest area of peatlands in Europe (including European part of Russia).
Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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Figure 5.7. European red list of mires and mire-related habitat types and percentage of threatened habitat types at two geographic levels:
across the EU27+UK (EU and the United Kingdom) and EU27+UK+ (including Norway, Switzerland, lceland, and the Balkan countries).
n — number of habitats. Source: Modified after Eionet Forum 2016 and Janssen et al. 2016.

5.3.2. Nature's Contributions to People

Peatlands’ contributions to people have been well assessed in Europe and the resulting information
is increasingly being applied. Such assessments are an important tool for planning sustainable
peatlands management based on an understanding of the economic value of biodiversity and
ecological processes. In many cases, these assessments are based on the “cascade” approach
(Haines-Young and Potschin 2010), in-line with guidelines by Bouma and Beukering (2015). The
approach suggests a flow from the status of biophysical features of the site to ecosystem functions,
services and values. This opens the possibility to link European legislation on biodiversity conservation
and ecosystem services management to people through interested parties and market analysis.

One of the more widely used decision-making tools is cost-benefit analysis. The 'public good' nature
of many ecosystem services poses a challenge for delivering them through markets - but attempts
are being made to apply these mechanisms, such as payment for ecosystem services (PES). For
peatlands, three components of biophysical features for peatlands — biota, water and peat - should
be considered, with further interpretation of them into ecosystem functions and ecosystem services
(Martin-Ortega et al. 2014). The site-level ecosystem service assessment could be an effective
peatland management tool. Its application will require good coverage of data on peatland sites,
interested parties’ analysis and an understanding of regional specific features and land use, including
driving factors of land use that are beyond the control of local people. For example, for the Arctic

and highland peatlands, the role of peatlands in the protection of permafrost and regulation of global
climate should be considered as a key ecosystem service. In arid, semiarid and highland areas

the water supply related ecosystem services provided by peatlands are crucial. Peatlands along
migratory corridors also contribute to global biodiversity (Minayeva et al. 2016). Interested parties’
analysis requires a site appropriate design in areas where Indigenous Peoples and Local Communities
(IPLCs) directly depend upon peatlands. Both simple bioindication and more sophisticated modelling
approaches are available and should be developed further for quantitatively assessing the benefits of
peatland restoration (Joosten et al. 2015).
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It is also important to incorporate indigenous knowledge systems when considering all the
contributions peatlands provide to people. Throughout Europe, harvesting of reed for thatch is a
sustainable way of using wet peatlands, and a traditional type of paludiculture (Wichmann and
K&bbing 2015). Lack of awareness for indigenous knowledge is particularly the case when considering
non-material contributions to people, including cultural ecosystem services, or groups who depend

on peatlands for their livelihoods. For example, peatland dominated landscapes in West Siberia host
vast areas of biodiversity and are home to different groups of Indigenous Peoples who are partly
maintaining their traditional lifestyle and who have both livelihoods and identities that are directly
related to the status of the surrounding ecosystems (Minayeva et al. 2021). In a case study on
ecosystem services, respondents belonging to Nenets and Khanty Peoples pointed out traditional
provisioning land use that is critical to indigenous people working in reindeer herding, raising animals
on pastures, fishing and hunting. They also revealed how this land use is tightly bound to their spiritual
and cultural identity (Minayeva et al. 2021). A study from Sapmi outlined that peat-accumulating mires
with willows and sedges provide important forage for reindeer in the summer. Where reindeer grazing
is an important form of land use, grazing on deciduous shrubs can inhibit shrub expansion that is
driven by climate change (Olofsson et al. 2009).
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There are trade-offs between human activities and peatland ecosystems. An example from low-
productive drained peatland forests reveals strong trade-offs between biodiversity, water quality,
climate and economy (Juutinen et al. 2020). Optimal land use/ management on these low-productive
peatlands depends on which target is considered: a focus on biodiversity and water quality requires
cost-efficient active restoration measures but climate benefits in these nutrient poor peatlands could
be reached even with no active measure (the current low-productive drainage state will continue net
carbon sequestration without any human intervention, also because the stands will gradually rewet
by itself (Juutinen et al. 2020). In practice, land use decisions can optimize many targets (biodiversity,
water quality, climate and economy) at the same time, but the decisions are confounded by the time
perspective relevant to land users and how different uses depend on each other spatially.

5.3.3. Hotspots of Value
Country case Belarus

The original extent of mires in Belarus was at least 2,560,500 hectares (12.3% of the country area)
(Council of Ministers of Belarus 2015). Some 946,000 hectares of mires were drained for agriculture
and 299,100 hectares for peat extraction (Tanovitskaya and Bambalov 2009; Council of Ministers

of Belarus 2015). The current extent of mires is 863,000 hectares (Kozulin et al. 2012), including
peatlands that have been slightly drained for forestry. Until the 1990s, peatlands were a strategic
resource for agriculture and energy production and peat still plays a substantial role for the energy
and economic security in Belarus. In 2011-2015, 1.7—3.2 Mt of peat was extracted annually mainly for
use as energy. The peat industry employs more than 5,000 people. There are many towns and villages
with the peat industry as the main employer (Kozulin et al. 2017). This use of peatlands for extracting
peat as fuel conflicts with the other ecosystem services that these peatlands provide. The pristine
mires sequester about 0.25 Mt of carbon from the atmosphere annually and the peatlands store about
500 Mt (Council of Ministers of Belarus 2015). They also maintain a favourable regional hydrological
regime for natural ecosystems. This freshwater storage ensures the conservation of water resources
and a steady water supply for rivers and lakes. Belarusian mires host considerable biological resources
such as cranberry bushes (Vaccinium oxycoccos), medicinal plants and game.

Ecotourism in Belarus largely revolves around the recreational potential of mires (Council of Ministers
2015). Mires also provide habitats for rare and endangered wildlife species. More than 40% of birds,
35% of insects and 15% of wild plant species listed in the Red Data Book of the Republic of Belarus
inhabit mires. Among these are globally endangered bird species including about 40% of the global
population of the Aquatic Warbler (Acrocephalus paludicola), 10% of the global population of the Greater
Spotted Eagle (Clanga clanga) and 3% of the global population of the Great Snipe (Gallinago media)
(Bambalov et al. 2017). The key issue for peatlands governance in Belarus is finding the balance
between conflicting interests in the use of peatland ecosystem services. The recently developed
National Peatland Wise Use and Conservation Strategy and Law on the Protection and Use of
Peatlands is aimed at this task.

138



5.4. Status of Peatlands, Drivers of Change and Hotspots of Change

5.4.1. Status of Peatlands

In Europe, the degree of peatland degradation clearly increases from arctic to temperate regions.
The total proportion of degraded peatlands in Europe is 46%; within the EU it is 50% (12 million
hectares; Tanneberger et al. 20271a). Peatland degradation is caused by artificial drainage, most often
for agriculture, forestry or peat extraction. Fig. 5.8 shows the proportion of drained and undrained
peatlands in Europe per country (partly including organic soils), as per the Global Peatlands
Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire
Centre. Countries such as Germany, the Netherlands, Denmark, Poland, and Ireland have more than
80% of their peatlands drained for agriculture, forestry or peat extraction.

Figure 5.8. Proportion of drained (red) and undrained (blue) peatlands in Europe per country (partly including organic soils).
Calculations are based on the drained area for forestry, agriculture and peat extraction. *Sum of European countries with less
than 100,000 hectares of peatland area.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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Because of the multiple types of environmental damage caused by peatland drainage, these lands
are today at the centre of Europe’s key environmental problems with drained peatlands in the EU
alone generating close to 25% of the total agricultural GHG emissions while only making up 3%

of the agricultural land area (Tanneberger et al. 2021b). Drained, agriculturally used peatlands

are also a strong source of nitrate (through peat mineralization; Tanneberger et al. 2021b). This
results in a substantial impact on ground and surface water quality, drinking water provision and
biodiversity. Last but not least, typical peatland biodiversity, in particular that of groundwater-fed
fens in temperate Europe, has been devastated by drainage (Joosten et al. 2017). Greenhouse gas
emissions from degraded peatland are estimated at 582 Mt CO,e per year. Fig. 5.10 shows the
annual GHG emissions from organic soils drained for forestry, agriculture and peat extraction in key
European countries. The Russian Federation (RUS) alone is responsible for 231 Mt CO,e per year,
representing 40% of the total GHG annual emissions in Europe, while the top 10 countries represent
84% of total peatlands emissions.

Figure 5.9. Total degraded and rewetted peatland area in Europe, and rewetted area by country in percentage of the total rewetted
peatland area in Europe (c. 250,000 hectares in 2017, based on national chapters in Joosten et al. 2017, partly extended by
interviews with national experts, as of 2017).

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.

Figure 5.10. Top 10 countries emitting GHG from peatlands in Europe, representing 84% of total peatlands emissions in the
region. Calculations are based on the peatland drained area for forestry, agriculture and peat extraction and IPCC (2014) emission
factors including CO,, CH,, N,0, DOC, and emissions from ditches. Includes only net, on-site GHG emissions. Wildfire emissions
are not included.

Source: Global Peatlands Assessment data retrieved from the Global Peatland Database compiled by the Greifswald Mire Centre.
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The vast majority of undrained peatlands are termed “not pristine” because the surrounding drainage
disturbs their hydrology and has led to partly drained margins (Sallinen et al. 2019). Drainage especially
alters minerotrophic water discharge to fens, which are dependent upon hydrological connections

to their upper catchments. Disturbances in hydrology or a warmer, drier climate, may induce tree
encroachment, hummock formation and fen—bog transition. This increases carbon accumulation in
the short-term and decreases methane emissions, but the fen-bog transition may threaten fen species,
e.g., Lepidoptera species, and habitats (Granlund et al. 2021).

Climate change induces additional peat losses due to drought, especially in the boreal and mid-
latitude regions due to permafrost degradation (Huang et al. 2021), whereas sea-level rise may result
in inundation of coastal peatlands. Permafrost dynamics have caused small carbon gains in the past,
but many experts warn about large and rapid losses of old permafrost locked carbon that has only
recently begun and will increase in the future (Loisel et al. 2021). There has been a greater than 50%
reduction in palsa or peat plateau area since the late 1950s (Zuidhoff and Kolstrup 2000; Borge et al.
2017). Models make it clear that all of Fennoscandia will become climatically unsuitable for peatland
permafrost by 2040 (Fewster et al. 2022). When ice-rich permafrost peatlands thaw and collapse, their
soils become saturated, which leads to high methane emissions (Christensen et al. 2004; Jones et al.
2017). Renewed peat accumulation in thermokarst wetlands counteracts this effect to some extent
but it may take considerable time before the warming effect changes in a cooling effect. The increased
atmospheric deposition of nitrogen and phosphorous may have a nonlinear effect on the peatland
carbon sink. Modest nitrogen deposition may result in a net carbon gain but a higher deposition
reduces the carbon sink potential owing to the loss of peat-forming Sphagnum and enhanced
decomposition (Bragazza et al. 2006; Olid et al. 2014). Nitrogen deposition also reduces biodiversity
and water quality (Phoenix et al. 2012).

Trends of peatland biodiversity drivers of change in Europe have been analysed in the IPBES regional
assessment for Europe (Sirin et al. 2018) alongside land use and climate change, pollution and
overexploitation (Table 5.2). Current overall trends are mostly negative.

Table 5.2. Past and currently drivers of change with respect to extent (first line) and biodiversity (second line) of major peatland
habitat types in Europe and Central Asia.

Abbreviations: WE=Western Europe,; CE=Central Europe; EE=Eastern Europe, CA=Central Asia. /1 denote strong and consistent
increase/decrease in the indicator; 7/~ denote moderate and consistent increase/decrease in the indicator; S  stable indicator;
11 variable trend in the indicator.

Source: Sirin et al. 2018.
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5.4.2. Drivers of Change

The economic interest in peatlands in Europe has a history of over a thousand years and the range of
economic uses of peatlands is extremely wide (Joosten and Clarke 2002; Parish et al. 2008; Joosten
and Tanneberger 2017). Low level impact use ranges from the collection of berries and hunting to

the cutting of hay and eco-tourism (Joosten and Tanneberger 2017). Because peatlands are naturally
wet, drainage and changes in their water regime have impacted peatlands extensively and profoundly.
Earliest evidence for mire drainage in Europe dates back some 3,500 years (Joosten and Tanneberger
2017). As early as 1100 Common Era (C.E.) the Dutch technique of ‘peatland reclamation’ by building
dikes and draining the encircled land had achieved such a success that the Dutch expertise was
exported across Europe (Borger 1992). Along with the desired land reclamation and production
effects, long-term drainage caused many unwanted effects. The most prominent effect was land
subsidence with a loss in land surface height of several millimeters to several centimeters per year and
a cumulative loss of c. 8 m (Ruyssenaars et al. 2020). More recently, in highly developed regions mires
only persist as isolated remnants and become a focus of interest for the construction of industrial and
transport infrastructure (airports, roads, factories, etc.), often with state support.
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Agriculture is the most widespread use of peatlands in Europe. It has increased in both area and
intensity in many countries during the last two centuries. Nearly 15% of European peatlands are used
for agriculture, mainly as meadows and pastures (Oleszchruk et al. 2008; Joosten and Tanneberger
2017). In countries such as Hungary (98%), Greece (90%), The Netherlands (85%), Germany (85%) and
Poland (70%), almost all organic soils were cultivated (Joosten et al. 2017). Up to half of all peatlands
were used for agriculture in Belarus, Lithuania, and Ukraine, and up to 35% in Ireland (Connolly 2018).
Only small areas of peatlands are currently under agricultural use in Finland (2%), the UK (4%) and
Sweden (5%) (Oleszchruk et al. 2008). In total, over 10 million hectares have likely been drained for
agriculture in Europe, but it is not known exactly how much of this area would have been peatlands
and how much would have been more shallow organic soils. This is because peat mineralizes and
may disappear as a result of long-term use and only circumstantial evidence may suggests that they
may once have been peatlands. In the European part of Russia, more than 5 million hectares of land
have been drained for agriculture, but the share of peatlands is undefined. In some central provinces,
more than half of all peatlands were lost to agriculture (Sirin et al. 2017). Drainage, tillage and
fertilization led to decreasing peat soil moisture, peat shrinkage, decomposition, mineralization and
loss of organic matter.

Drainage for forestry has the second largest impact on peatlands in Europe, but this has been
confined mainly to Nordic countries (Finland 4.7 Mha, Sweden 1.4 Mha, Norway 0.4 Mha), Baltic States
(Lithuania 0.6 Mha, Latvia 0.5 Mha, Estonia 0.46 Mha), Russia (>3 Mha), Belarus (0.3 Mha), Poland
(0.1 Mha) and Germany (0.1 Mha), where excessive moisture (especially in the boreal zone) limits
the productivity of tree stands (Turunen and Valpola 2020). In some countries, drainage for forestry
includes not only peatlands, but also mineral lands that have accumulated large quantities of organic
matter, therefore, the above estimates of the area of peatlands drained for forestry are uncertain.
This is particularly true for the UK (0.6 Mha) and Ireland (0.45 Mha; Renou-Wilson et al. 2022) where
previously tree-less peatlands were drained and afforested. The very first attempt to afforest a mire
Norway, Sweden, Russia, Latvia, Estonia and Finland, peatlands were drained for forestry mainly
between the 1950s and early 1980s (Paavilainen and Paivanen 1995; Paivanen and Hanell 2012).

Peat extraction covers less peatland area but has the most profound impact as it removes vegetation
and peat and associated carbon stocks. Many peatlands used for peat extraction have completely
disappeared, especially in areas where peatlands are rare as is the case in Southern Europe (Joosten
etal. 2017). After peat extraction ceased for technical or economic reasons or exhaustion of the
preferred peat type, many peatlands have been reclaimed for agricultural use. The use of peat as a
fuel began in Europe during the Neolithic and peat was periodically a key energy resource (Joosten
and Tanneberger 2017). The use of peat for energy is declining everywhere in Europe (Holmgren

et al. 2008), but peat remains the most used component in horticultural growing media in Europe.
Alternative materials are actively being de