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Foreword

The Cuvette Centrale is the world’s biggest 

tropical peatland, located in the Congo 

Basin. It contains around 30 gigatonnes 

of carbon, which is as much as the United 

States economy emits in 15 years.

More than 180 countries have peatlands but we are only just starting to understand 
their role in both climate change and our efforts to curb it. Peatlands cover less than 
three percent of the Earth’s surface but are the largest terrestrial organic carbon stock 
– storing twice as much carbon as in the world’s forests. In fact, greenhouse gas 
emissions from drained or burned peatlands account for five percent of the global 
carbon budget. This first report from the Global Peatlands Initiative highlights why the 
threat to peatlands from agriculture, forestry, resource extraction and infrastructure 
development is a threat to the climate.

The Global Peatlands Initiative was created in 2016 because 
of the urgent need to protect these valuable assets. Leading 
experts and institutions are now working together to 
prevent this enormous carbon stock being emitted into the 
atmosphere. There is still uncertainty about the precise carbon 
stock value of peatlands because their extent, status and 
dynamics have never been globally mapped with sufficient 
accuracy. However, this report shares the knowledge of 30 
experts and contributors from 15 organizations to explain 
both the need and the opportunities to rapidly protect and 
restore them. 

Healthy peatland ecosystems are important to societies 
everywhere. While many European nations are beginning to 
see their peat resources as a vital carbon pool, recent discoveries 
elsewhere are pushing us all into action. For example, last year, 
an international team of scientists mapped the world’s biggest 
tropical peatland in Cuvette Centrale in the Congo Basin. It 
contains around 30 gigatonnes of carbon, which is as much 
as the United States economy emits in 15 years. And, earlier 
this year, I travelled to Indonesia to learn more about the 
impact of repeated peatland fires and the ambitious strides 
the country is taking to tackle them. For people like Thrmrin, 
a Malay elder, this is not about scientific or political progress; 
it’s about lifting his community out of poverty. Although 
Thrmrin’s grandparents were poor, learning English let him 
work as a guide, showing tourists the peatland and lake being 
restored by the community. Now the village has a school and 

they are proud to share the culture with visitors, so his own 
grandchildren have a much brighter future ahead.

I hope that the knowledge and experiences shared in this 
report will be a practical support for the many governments, 
businesses and communities working to restore and protect 
our peatlands. If they succeed, it won’t just be the thousands 
of people who live near them that benefit, it will be the seven 
billion people who live on a planet that desperately need 
protection from the impact of climate change.

Erik Solheim
Under-Secretary-General of the United Nations
and Head of UN Environment

Thrmrin
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Executive summary
Peatlands are among the world’s most underappreciated natural treasures. Found 
on every continent, these waterlogged ecosystems are among the most important 
carbon reservoirs on the planet.

Composed of thick peat layers of partly decomposed organic 
material that may have formed over thousands of years, 
peatlands are highly effective at storing carbon.

If properly maintained, peatlands are wet – it is this 
waterlogged nature that gives them many of their unique 
and valuable characteristics, and makes them some the most 
efficient terrestrial ecosystems in storing carbon. On average, 
each hectare of peatland holds approximately 1,375 tonnes of 
soil carbon – about 10 times more than normal mineral soil 
(Joosten & Couwenberg, 2008; Parish et al., 2008). 

While covering only three percent of the Earth’s land mass, 
they contain as much carbon as all terrestrial biomass 
combined, twice as much as all global forest biomass, and 
about the same as in the atmosphere.

Despite the fact that peatlands are often seen as mostly 
unproductive land, they offer incredible value beyond their 
carbon storage ability. They provide many ecosystem services 
such as flood control, water purification and habitats for 
unique and varied biodiversity. Peatland ecosystems support 
a wide range of plants, birds and animals, including endemic 
and endangered species – such as the orangutans found in 
the tropical peatlands of Southeast Asia, bonobos and western 
lowland gorillas found in the Congos and the Aquatic Warbler 
of central and northern Europe. They are also a home to a 
wide range of native foods, economically important trees, and 
medicinal plants and materials.

Peatlands have so far been identified in 180 countries and 
they occur extensively in both the tropics and the temperate 
north. They usually form in depressions where water 
permanently accumulates, either sustained by rainwater or 
underground sources. A lack of oxygen in the waterlogged 
environment slows decomposition of organic matter, leading 
to the accumulation of peat layers. However, across the globe 
peatlands are under threat from drainage and burning for 
agricultural, forestry and development uses.  Fifteen percent 
of known reserves are currently understood to be either 
destroyed or degraded. 

In this state, peatlands release the carbon historically locked 
within the layers of decomposed organic matter. They are 
thought to contribute up to five percent of the global annual 
CO2 emissions. Half the world’s peatland emissions come 

from Southeast Asia where high rates of deforestation, drainage 
and high temperatures speed up decomposition of the dry 
peat. Managing the remaining global peatlands is therefore 
an urgent issue that requires increased research to create a 
comprehensive inventory of their location, status and size.

Draining and clearing land for agriculture has been the 
main threat to peatlands. Historically, Europe has seen the 
greatest drainage, a practice which has now largely stopped.  
However, the clearing of tropical peatlands is expanding. 
Initially, the organically rich peat soil can be highly 
productive but the generally low level of nutrients means 
they are quickly exhausted. 

Drying out the surface of peatlands is a method often used 
to maximize agricultural use of the soil, but this leaves them 
vulnerable to fire which can significantly increase greenhouse 
gas emissions. Peat fires can burn for a long time and the 
smoke carries particulate matter into the atmosphere which 
can adversely affect the health of communities.  Dry peatlands 
are also susceptible to subsidence and are prone to flooding 
and erosion, creating further pollution problems. In coastal 
areas, this subsidence can lead to salt water intrusion leaving 
the land completely unproductive and potentially leading to 
the contamination of the water table. 

Ultimately, the destruction of peatlands can have adverse 
long-term economic, environmental and social impacts that 
are more significant than the initial short-term benefits 
received from land conversion.
 
Climate change is leading to increasing temperatures, longer 
and more intense dry seasons and changes in patterns of 
cloud cover, rainfall and fire frequency. All of this is likely to 
increase pressure on peatland ecosystems, especially on those 
that are already degraded.

Yet peatlands can play an important role in climate change 
mitigation by providing secure long-term storage of carbon 
and other greenhouse gases. However, to allow them to 
play this role requires putting an end to their drainage and 
restoring already degraded peatland areas. 

There are a growing number of initiatives around the globe 
that aim to make peatlands productive without the need 
for draining. These include the sustainable production of 
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food, such as fish, feed for animals, fibre and fuel. Peatland 
management needs to allow for multiple users and activities 
that are compatible with conservation and restoration. This 
requires focused action that includes: the development of 
effective international and national policy, the establishment 
of investment mechanisms and frameworks to support 
research and conservation activities, and the development and 
adoption of best practice management for their sustainable 
management and use.    

To help achieve these outcomes, this report assesses the state 
of knowledge on extent of peatlands including in the tropics, 
and highlights some of the threats they face and the actions 
being taken to restore, preserve and sustainably use them.

Main Messages
Peatlands are important to people around the world. 
They contribute significantly to climate change mitigation 
and adaptation through carbon sequestration and storage, 
biodiversity conservation, water regime and quality regulation, 
and the provision of other ecosystem services that support our 
survival and our livelihoods. 

Immediate action is required to prevent further peatland 
degradation and the serious environmental, economic and 
social repercussions it entails. Existing options to tackle the 
issue vary, and for that reason implementation should be 
regionally adapted to local environmental, economic and 
social needs and characteristics. 

A landscape approach is vital and good practices in peatland 
management and restoration must be shared and implemented 
across all peatland landscapes to save these threatened ecosystems 
and retain their services for people, the planet and the climate.

Local communities should receive support to sustainably 
manage their peatlands by preserving traditional non-destructive 
uses and introducing innovative management and viable 
livelihood alternatives.

A comprehensive mapping of peatlands worldwide is 
essential to better understanding their extent and status, and 
to enable us to work together to safeguard them. Research 
and monitoring should be improved to provide better maps 
and tools for rapid assessment and transparent use of them to 
underpin decision-making, management actions and multi-
stakeholder engagement.
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Introduction

The world’s peatlands are under threat from drainage for development ranging from 
conversion for use for agriculture, forestry, resource extraction and infrastructure 
development and this has enormous implications for climate action. On average, 
peatlands hold 137,500 tonnes of carbon per square kilometre (1,375 tonnes per 
hectare) making them the most carbon dense of any terrestrial ecosystem in the 
world (Joosten & Couwenberg, 2008). In other words, the amount of carbon held 
in a single hectare of wet peatland is equivalent to the annual emissions of 1,400 
passenger cars.

– UN Secretary-General, Antonio Guterres (31.05.17)

If we want to protect forests and life on land, safeguard our oceans, create 

massive economic opportunities, prevent even more massive losses and improve 

the health and well-being of the planet, we have one simple option staring us 

in the face: climate action.

The Global Peatlands Initiative (GPI) is an international 
partnership formed in 2016 to save peatlands as the 
world’s largest terrestrial organic carbon stock. The 
Initiative partners are working to improve the conservation, 
restoration and sustainable management of peatlands to 
protect this critical ecosystem and to prevent the carbon 
it stores from being released into the atmosphere. 
Peatlands are unique ecosystems that have a critical 
role in the landscape and provide essential ecosystem 
services. Drawing attention to peatland issues and helping 
countries and partners to understand and make evidence-
based decisions about their management will enable the 
Initiative to contribute to several Sustainable Development 
Goals by reducing greenhouse gas emissions, maintaining 
ecosystem services and securing lives and livelihoods while 
improving people’s’ ability to adapt to change.

This Rapid Response Assessment is a key step on the road 
toward the Initiative making an impact and advancing 
climate action. It focuses on raising awareness and 
stimulating an exchange between decision makers and 
stakeholders on the importance of peatlands and the 
contributions they make to climate, people and the planet.

Global Peatlands Initiative
Seen from this perspective, peatlands are one of our greatest 
allies in the fight against climate change. By conserving and 
restoring peatlands we can reduce global emissions and revive 
and conserve this natural carbon sink.

Peatlands in pristine condition predominantly lock in carbon, 
however, degraded peatlands are strong net emitters of 
greenhouse gases. These emissions continue as long as the 
peatland remains drained and the peat continues to oxidize. 
This process can last for decades or centuries and is very 
different from the instantaneous emissions that come from 
clearing forests. Conserving pristine peatlands, as well as 
restoring and improving the management of peatlands and 
other organic soils, contributes to the reduction of greenhouse 
gas (GHG) concentrations in the Earth’s atmosphere. 
Peatlands are also important for food security and poverty 
reduction (FAO & Wetlands International, 2012).

Current greenhouse gas emissions from drained or burning 
peatlands are estimated to be up to five percent of all emissions 
caused by human activity – in the range of two billion tonnes 
of CO2 per year. If the world has any hope of keeping the global 
average temperature increase under two degrees Celsius then 
urgent action must be taken to keep the carbon locked in 
peatlands where it is – wet, and in the ground to prevent an 
increase in emissions. Furthermore, already drained peatlands 
must be rewetted to halt their ongoing significant emissions. 
However, this is not as simple as it seems. Knowing the 
location of peatlands continues to be a challenge.

8
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What are peatlands?

Peatlands are known by many names, including the English 
terms mire, marsh, swamp, fen and bog. The variety in 
terminology reflects the diversity of peatland habitats and 
ecosystems (Rydin & Jeglum 2013). Whereas peatlands can 
simply be defined as “land with peat”, there is currently 
no globally accepted standard how much organic material 
“peat” should contain or how thick the layer of peat should 
minimally be.1 Both the diversity and the lack of a common 
standard have made it difficult to identify and collate data and 
information about them.

Even though they look different, all peatlands share a common 
feature: they have a surface layer of peat which has been 
formed because permanently waterlogged conditions have 
prevented the complete decomposition of dead plant material 
(Joosten & Clarke, 2002). 

Peat is a compact, high density carbon store that, if managed 
properly, can be a win for climate action. Historically – and 
in modern times – wetlands have been seen as wastelands to 
be drained and converted for more useful purposes, such as 
agriculture. Development meant draining and in some parts 

Peat is a substance that is largely composed of plant remains 
(vascular plants and mosses) which are only partly decomposed 
due to an absence of oxygen in a water-saturated environment.

BRAZIL
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CANADA

RUSSIA

CHINA

INDONESIAPERU
DRC

MONGOLIANETHERLANDS

FINLAND

SWEDEN

UK

PAPUA NEW GUINEA
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Source: Joosten H., 2009, The Global Peatland CO2 Picture. Peatland status and emissions in all countries of the world, Wetlands International.

Countries with the largest peatland areas

Countries discussed in this report

CO2  emissions from peatlands degradation
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LÓPEZ, 2017

Figure 1. Emissions from peatlands per country (in Mtonnes CO2e). Note that emissions from peat extraction are not included in the 
calculations for European countries. It indicates where it is most urgent to undertake peatland rewetting action.

1. Varying with country and scientific discipline, peat has been defined as 
requiring a minimal content (by dry weight) of 5, 15, 30, 50, or 65% of organic 
material, whereas peatlands have been defined as having a minimum 
thickness of 20, 25, 30, 40, 45, 50, 60 or 70 cm of peat (Joosten et al. 2017).
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of the world this idea is still prevalent. The phrase “drain the 
swamp” has even become a political metaphor. It is vitally 
important to recognize that peatlands are not wastelands 
but essential ecosystems that deliver unquantified benefits, 
and that protecting them or using them with care does not 
impinge on development. Developmental choices need to 
consider that while peatlands represent a relatively small 
area of overall landmass, they have a disproportionately large 
carbon storage capability and other benefits that they deliver 
to climate, people and the planet.

The map in Figure 1 only tells part of the story because it only 
reflects emissions from biological oxidation of peat – emissions 
from fires are not included. Fires, such as those in Russia and 
Indonesia, contributes another 30 percent to these emissions. 

Biological oxidation of peat occurs only when peatlands are 
drained and degraded. When the water level is lowered, the 
peat is no longer water saturated, oxygen enters the peat and 
microorganisms break it down. Previously well-preserved 
carbon and nitrogen are then released as greenhouse gases 
into the atmosphere, and as nitrate to the surface water. Only 
15 percent of the world’s peatlands have been drained yet they 
are responsible for five percent of all global anthropogenic 
greenhouse gas emissions (Joosten, 2015).

Where are peatlands found?

Peatlands are globally important ecosystems and are found in 
an estimated 180 countries (Parish et al., 2008). Although we 
know that peatlands are found all over the world, there is no 
comprehensive mapping of their locations. This is because 
many peatlands have not been recognized as such and have 
yet to be properly mapped. To ensure peatlands remain intact, 
better knowledge and maps are needed on their typology, 
location and extent.

Figure 2 does not reflect the true global extent of peatlands 
because of the challenges faced in finding and defining them. 
The consensus among scientists is that there are extensive 
areas of undiscovered and unreported peatlands. Recent 
modelling studies indicate that there could be three times 
more tropical peatlands than current estimates (Gumbricht 
et al., 2017). This is supported by the recent documentation 
of huge areas of previously unquantified and unclassified 
peatlands in Africa and South America. In early 2017, scientists 
announced that they had mapped the largest peatland complex 
in the tropics – the Cuvette Centrale swamp forest in the Congo 
Basin – estimated to cover 145,000 km2 and containing more 
than 30 billion tonnes of carbon (Dargie et al., 2017). Similarly, 
peatlands mapped in the lowlands of the Peruvian Amazon in 
South America are estimated to cover 120,000 km2 containing 
an estimated 20 billion tonnes (Lähteenoja et al., 2011).
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Sources: Yu, Zicheng, et al. "Global 
Peatland Dynamics since the Last 
Glacial Maximum" Geophysical 
Research Letters, vol. 37, no. 13, 2010.

Known location 
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Map by Levi Westerveld / GRID-Arendal
(2017) 
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Figure 2. Distribution of global peatlands.
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Sources: Yu, Zicheng, et al. "Global 
Peatland Dynamics since the Last 
Glacial Maximum" Geophysical 
Research Letters, vol. 37, no. 13, 2010.

Known location 
of peatlands

Countries with 
known peatlands

Map by Levi Westerveld / GRID-Arendal
(2017) 

G l o b a l  d i s t ri b u t i o n  o f  p e at l a n d s



14

Tables 1 and 2 list the top 20 countries in terms of estimated 
peatlands extent and peat carbon. 

Smoke on water

It is important to not be distracted by discussions about 
definitions and organic soil classifications, or the lack of 
comprehensive peatland maps. The message is clear: any 
amount of peat is significant and efforts need to be made to 
preserve it in an intact state. 

This rapid response assessment is a call to action by the 
Global Peatlands Initiative. Both established and emerging 
science sends us a message to act now and to make the right 
policy and developmental choices. 

It is an urgent call to decision-makers to acknowledge the 
importance of peatlands. 

It is a call to actors to identify and halt actions that drive the 
degradation of peatlands, a call to policy makers to take note 
and inspiration from the solutions and innovations presented 
here. 

It is a call to join in the Global Peatlands Initiative and chart  
a way forward for solid climate action – for the people and  
the planet.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Country

Russia
Canada
Indonesia
USA
Finland
Sweden
Papua New Guinea
Brazil
Peru
China
Sudan
Norway
Malaysia
Mongolia
Belarus
United Kingdom
Germany
Republic of Congo
Zambia
Uganda

Country

Canada
Russia
Indonesia
USA
Papua New Guinea
Brazil
Malaysia
Finland
Sweden
China
Norway
Germany
Venezuela
Sudan
United Kingdom
Republic of Congo
Mexico
Uganda
Belarus
Democratic Republic of the Congo

Peat area (sq. km) 

1 375 690
1 133 926

265 500 
223 809
79 429 
65 623 
59 922
54 730 
49 991
33 499 
29 910
29 685
26 685
26 291 
22 352
17 113
16 668
15 999
15 410
13 640

Peat carbon stock 

139 819
124 762
48 993
26 454
5 427
4 934
4 926
4 802
4 535
2 924
2 023
1 830
1 799
1 796
1 583
1 451
1 345
1 198
1 184
1 079

Table 1. Top 20 countries with the largest 
peatland areas2,3 (Adapted from Joosten 2010). 

Table 2. Top 20 countries with the largest peat 
carbon stocks (Mtonnes C) 20084 (Adapted from 
Joosten 2010).

In September 2015 the world laid out an ambitious 
Agenda for Sustainable Development and a set of 
aspirational Sustainable Development Goals (SDGs) to 
“end poverty, protect the planet, and ensure prosperity for 
all” (UN, 2015). However, the increase in fire vulnerability 
of peatlands in countries like Indonesia and Russia has 
major impacts on their ability to meet the SDGs. This 
means that these and other countries with degraded 
peatlands will have to examine the best options to 
prevent further emissions while pursuing their options 
for sustainable development, including agricultural 
expansion and economic development, in order to 
achieve all of the SDGs. Peatlands must be treated 
as lands with a high climate mitigation potential that 
also offer strong opportunities for climate adaptation, 
biodiversity conservation and contribute significantly to 
sustainable development. (Wetlands International, 2015) 
(See appendix for additional information on the SDGs 
and peatlands.)

2. This table does not include recent discoveries in the Congo Basin and Peru.
3. To provide a uniform standard, the data concern peatlands with a minimum 
peat depth of 30 cm (historically based on ploughing depth). This criterion 
excludes many (sub)Arctic and (sub)alpine areas with a shallow peat layer.
4. This table does not include recent discoveries in the Congo Basin and Peru.



14 15



16

Latvia

Russia China



16 17

Mongolia

Kenya Tasmania



18

Mongolia is mainly associated with steppes and deserts but 
also has a surprisingly large expanse of peatlands (Joosten et 
al., 2012). In its dry continental climate Mongolian peatlands 
fulfill many important ecological functions: they feed rivers, 
maintain humid and highly productive habitats, and prevent 
soil erosion and the thawing of permafrost. 

All of this contributes to biodiversity conservation as well as 
human livelihoods (e.g. timber and non-timber forest products) 
(Joosten et al., 2012; Minayeva et al., 2005a; Narangerel et al., 
2017). Peatlands also help maintain groundwater levels which 
are crucial for forest ecosystems and crop production (Minayeva 
et al., 2005b). In Mongolia’s highland areas, peatlands are 
critical to sustaining the permafrost as they are the only source 
of water and river flow (Assessment Report, 2017). 

Despite their importance, Mongolia’s peatlands are poorly 
represented in global inventories of peat resources (Minayeva 
et al., 2005), and the little research that has been done on 
them has typically been conducted by Mongolian, Russian 
and German scientists, with the result that little information is 
available in English (Minayeva et al., 2016). It is estimated that 
Mongolian peatlands contain about 750 megatonnes of carbon 
and that degraded areas emit 45 megatonnes of CO2 per year 
(Parish et al., 2008). This is equivalent to the annual emissions 
of more than 11,000 coal fired power plants. 

In terms of their distribution, peatland coverage varies across the 
country with most being concentrated in the northern, central and 
the most easterly areas. A detailed mapping of their extent across 
the country was initially carried out in the 1950s, and historically 
an estimated 1 percent or 27,200 km2 of Mongolia was covered in 
peatlands (Minayeva et al., 2005b). This is thought to have declined 
between 60 to 80 percent since then, depending on the region. 

Peatlands are mostly found in areas with permafrost (Figure 3).  
They are associated with both lower slopes and highland areas 
within the steppe, forest steppe and taiga belt ecosystems, and in 
river valleys in the lowland steppe (Minayeva et al., 2016). Half of 
the country’s peatlands are covered in sedge fens, which provide 
highly productive pastures (Minayeva et al., 2016). 

Over 400 species of vascular plants have been reported within 
Mongolian peatlands, which represents about 18 percent of all 
plant species recorded in the country (Minayeva et al., 2016; Parish 
et al., 2008). Peatlands are also home to significant sites along bird 
migration routes (flyways), and are thus important for many species 
including the critically endangered Siberian crane (Leucogeranus 
leucogeranus). Peatlands also host other areas of international 
importance for the conservation of biodiversity with mammals, 
birds, reptiles and amphibians, including those threatened with 
extinction, found in peatland forests (Narangerel et al., 2017).

Focus on Mongolia – Peatlands fulfilling a need

Peatland use and conservation in Mongolia
Given that some of the most productive pastures in the 
country are found on peat soils, peatlands are mainly used 
as arable lands and for grazing (Assessment Report, 2017). 
Disturbance from road construction, upstream mining and 
dam construction are increasing the vulnerability of peatlands 
throughout the country. The largest problem is that thawing 
permafrost, which is initially caused by human activities such 
as mining or by rising temperatures, accelerates peatland 
degradation. The amount of land affected has alarmingly 
doubled during the last 50 years (Jambaljav, 2016). There is 
an absence of detailed knowledge about peatlands’ diversity, 
distribution and natural functions in Mongolia – the kind of 
information needed to support sound management decisions.

The particular hydrology of peatlands means that they are 
increasingly vulnerable to degradation arising from climate 
change, however current management planning does not 
tend to take this into account (Parish et al., 2008). The rapid 
degradation of other pastures has led to a further migration 
of cattle to peatlands and increasing overgrazing followed 
by a dramatic loss of pasture productivity (Punsalmaa et al., 
2008). The combination of overgrazing, human-induced fires, 
permafrost thaw and climate change has resulted in thousands 
of hectares of fens turning bare and dry (Joosten et al., 2012). All 
this adds up to peat contributing to greenhouse gas emissions 
exacerbated by climate change (Assessment Report 2017).

Mongolia is currently making efforts towards a green development 
pathway, but it is yet to make specific provisions for the management 
of peatlands. The country is part of the UN-REDD Programme, an 
initiative that seeks to reduce emissions from deforestation and 
forest degradation in developing nations (REDD+) (Ministry of 
Environment and Programme, 2016; Narangerel et al., 2017). 
If carbon stocks within forested peatlands were accounted for 
under REDD+ it could foster their protection in the long term. 

Recognizing the crucial role of peatland ecosystem services for 
the sustainability and livelihoods in the country, the Mongolian 
government developed a Strategic Plan for Peatlands in Mongolia 
with the technical assistance of the Asian Development Bank. The 
plan integrated key national conservation strategies and activities 
related to climate change (Assessment Report, 2017). About 40 
percent of Mongolia’s peatlands are protected by nature reserves 
and Ramsar sites5 (Minayeva et al., 2016) but their management 
plans are yet to address the specific requirements of these 
ecosystems. An important step forward are the guidelines for 
peatland use introduced in the Har Us Nuur National Park 
Ramsar site (Western Mongolia) (Joosten et al., 2012).

5. Ramsar is the oldest modern global intergovernmental environmental 
agreement. Its purpose is to protect wetland habitats for migratory birds.
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Figure 3. Distribution of peatlands and permafrost in Mongolia. Permafrost is thawing due to human activities like fire and mining 
operations as well as climate change. This accelerates peatland degradation and increases the amount of greenhouse gases being 
released into the atmosphere.
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– Dennis del Castillo, Director, Forest Management and Environmental 
Service Program, Peruvian Amazon Research Institute (IIAP)6

Because of our education, we believe some people are 

foresters, other people are agronomists, other people 

are biologists, and other people are fisheries managers 

… and then we all go in different directions. But when 

we talk about peatlands, we have to work together to 

understand each other. Because that’s the only way 

to understand what peatlands are all about and how 

to manage them. If we all go in different directions, 

we are wasting our time because we are losing the 

opportunity to work together to best manage them.

6. Interview posted on https://blog.cifor.org/50114/dennis-del-castillo-of-
peruvian-amazon-research-institute-peatlands-are-seen-as-wastelands?fnl=en. 
Accessed 1 August 2017.
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Why peatlands are important
The previous section introduced the subject of peatlands and pointed to the enormous 
benefits that undrained peatlands deliver. Besides climate benefits, these unique wet 
environments support a huge range of specialized plant and animal species, including 
many that are rare or endangered. Peatlands also support the livelihoods of millions of 
people and, because they act like giant filters, they help control and purify water.

Peatlands form where climate, bedrock and relief create 
areas with permanent water saturation. They either develop 
in shallow waters over layers of lake sediments (this is called 
terrestrialisation) or directly on mineral soils (known as 
paludification). There are two major types of peatlands:
1.	 Bogs which are only fed by rain. Bogs are therefore nutrient 

poor, acidic, and often elevated over the surrounding 
mineral soil, and 

2.	Fens which are also fed by water coming from mineral 
soil/bedrock and are usually less acid and richer in 
nutrients. 

The key benefits that peatlands provide include:

Carbon storage
Peat is formed when organic matter accumulates faster 
than it decomposes due to the lack of oxygen in waterlogged 
conditions. Peatlands are the most carbon dense of any 
terrestrial ecosystem in the world (Joosten & Couwenberg, 
2008; Urák et al., 2017). Ecosystems sequester and store 
carbon in different ways, such as in living biomass, litter or 
humus in upper layers of mineral soils. Most of these carbon 
pools are not permanent and carbon will be released back to 
atmosphere over relatively short cycles. Beside these pools, 
however, the peat layer of peatlands provides – if not disturbed 
– a unique, permanent store for carbon. Keeping this carbon 
in the ground is crucial if the world is to meet the target of the 
Paris Climate Change Agreement to keep the global average 
temperature increase under two degrees Celsius. 

To get there, policymakers need to recognize the usefulness of 
peatland conservation and restoration as a way of mitigating 
climate change. 

Supporting unique and critically threatened biodiversity 
Peatlands are home to unique biodiversity and many 
specialized and endangered species have adapted to live there. 
For example, about 37 percent of all vascular plants in the 
peatlands of the Yamal Peninsula in Siberia and 10 percent of 
all fish species within Peninsular Malaysia are only found in 
peatland ecosystems (Parish et al., 2008; Joosten et al., 2012). 

Tropical peatlands support a wide range of unique, threatened 
and/or endemic species, including 31 species of tropical lowland 
rainforest trees known as dipterocarps across Southeast Asia 
(Joosten et al., 2012) and five of the six species of great ape. The 
latter are the western gorilla (Gorilla gorilla), chimpanzee (Pan 
troglodytes), bonobo (Pan paniscus), Bornean orangutan (Pongo 
pygmaeus) and Sumatran orangutan (Pongo abelii). The orangutans 
are highly threatened, in part due to peatland degradation and 
conversion (Ancrenaz et al., 2016; Singleton et al., 2016).

The breeding habitat of the Aquatic warbler (Acrocephalus 
paludicola), Europe’s only globally threatened songbird, is 
restricted to specific peatland habitats in central and eastern 
Europe (Tanneberger et al., 2011). 

Peatlands are also home to many species of high economic value, 
including hardwood trees such as ramin (Gonystylus bancanus).

Aquatic warblerSumatran orangutan
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Formation of tropical peatlands

Source: ASEAN, 2011.
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Supporting the water cycle
Natural peatlands are integral to regional hydrology because, 
depending on season and peatland type, they regulate 
hydrology by slowing down the flow of water and gradually 
releasing it. Tropical peat swamp forests, for example, retain 
water over the surface in the rainy season and allow it to slowly 
drain away. In this way, peatlands provide a steadier supply of 
drinking and irrigation water and have a stabilising effect on 
hydrology by attenuating the effects of peak discharge during 
flooding events. 

Peatlands also exert a cooling effect on local climate during 
hot periods through evaporation and cloud formation. This 
makes the regions where peatlands are found more resilient 
to droughts and floods. Furthermore, peatlands play a vital 
role in the retention of pollutants and nutrients and in water 
purification. This helps to counteract eutrophication of bodies 
of water like lakes, rivers and even seas lower down in the 
catchment areas. Coastal peatlands keep the freshwater close 
to the coast and thus prevent salt water intrusion.

Supporting livelihoods 
Peatlands have supported the health and wellbeing of people 
for thousands of years (Joosten & Clarke, 2002; Rieley, 2014). 
Pristine peatlands in boreal and temperate regions are a 
source of berries, mushrooms and medicinal plants, and in 
the tropics provide an even wider variety of non-timber forest 
products. Drained peatlands are used for arable agriculture, 
for grazing sheep and cattle, and for forestry. The peat itself 
has been and is being used as a fuel, as growing media 
or even as a construction material to build and insulate 
houses. When examining the question of livelihoods, it is 
important to distinguish between these kinds of activities 
and unsustainable development practices. The latter includes 
drainage and mass conversion to plantations, an activity which 
turns peatlands into wastelands that ultimately undermine 
social, environmental and economic wellbeing livelihoods.

As a cultural landscape and archive
Peatlands have long been an inspiration for art, religion, leisure 
and educational activities (Rieley, 2014) because of their special 
characteristics – they are relatively inaccessible, wet, misty 
lands, often in places where most people rarely roam. 

Peatlands provide a glimpse into our past and are home to some 
of the most evocative archaeological discoveries of the last decade, 
including a 4th millennium BCE footpath, the ‘Sweet Track’ in 
the Somerset Levels, England (Bain et al., 2011). The preserved 
bodies and pollen grains conserved in peat show that people have 
interacted with these important places for thousands of years.

Peatlands also record environmental change. By continuously 
depositing peat, they record their own history and that of their 
wide surroundings in systematic layers, making them into an 
archive that tells us much about past changes to landscape 
and climate (Bain et al., 2011). 

Due to the different ecosystem functions of peatlands, they 
are often recognized in national and international policies 
and strategies but rarely directly addressed because they cover 
a relatively small proportion of land area. Often, they are only 
included indirectly together with similar habitats like swamps 
and floodplains which neglects their special properties and 
functions. The use of peatlands is also often governed by 
conflicting ministerial mandates and regulations. 

Several multilateral conventions take peatlands into account, 
such as the United Nations Framework Convention on Climate 
Change (UNFCCC), the Convention on Biological Diversity 
(CBD), the Ramsar Convention on Wetlands, and the United 
Nations Convention to Combat Desertification (UNCCD). 
Since different sectors and functions of peatlands are tackled 
by these conventions, there is an urgent need to develop 
common strategies to better integrate climate change mitigation, 
biodiversity conservation and land use management of peatlands. 
A few of these global approaches are outlined in Section 4. 
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Figure 6. Peatlands provide vital ecosystem services for people and the environment.
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The low-lying depression covered by swamp forest known 
as the Cuvette Centrale is in the centre of the Congo Basin. 
Despite its size, the peatlands of the region have received little 
research attention until now. Recently, scientists mapped the 
world’s most extensive tropical peatland complex beneath 
the forest floor. At around 145,500 km2, it is five times larger 
than originally estimated and bigger than England (Dargie et 
al., 2017). Peat swamp forest vegetation observed in the field 
permitted peatland extent to be estimated through remotely 
sensed mapping. Fieldwork confirmed the presence of 
extensive peat deposits (maximum depth of 5.9 meters). 

When area estimates were combined with measurements of 
peat depth, bulk density and carbon concentrations, it was 
estimated that the peatlands hold about 30 billion tonnes of 
carbon – equal to over 15 years of carbon dioxide emissions 
of the United States and similar to the above-ground carbon 
stock of the entire forests in Congo Basin (Verhegghen et al., 
2012). These numbers increase the best estimate so far of global 
tropical peatland carbon stocks by 36 percent, to 105 billion 
tonnes. They place the Democratic Republic of the Congo and 
the Republic of Congo behind Indonesia as the second and third 

Focus on the Congo Basin – Latest research shows many peatlands remain “undiscovered”

most important countries in the tropics in terms of peatland 
area and carbon stocks. 

The peatlands of the Congos are globally significant, and in their 
near-pristine state they are an important source of ecological 
stability for the entire region, a valuable carbon store and home 
to unique flora and fauna. The Congo Basin boasts 10,000 
species of tropical plants of which 30 percent are unique to the 
region. It is also home to several endangered species including 
forest elephants, chimpanzees, bonobos, and lowland and 
mountain gorillas. Besides these higher primates, the region 
is rich in other species – 400 other mammals, 700 different 
kinds of fish and 1,000 species of birds and 700 types of fish 
are found here (WWF n.d.). 

People have inhabited the Congo Basin for more than 50,000 
years and today’s population of 75 million people relies on it 
for shelter, food and fresh water. There are nearly 150 distinct 
ethnic groups in the region, and many continue ancient 
hunter-gatherer lifestyles, meaning their lives and well-being 
are  intimately linked with the health of the forest, much of 
which stands on peatlands (WWF n.d.).
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Figure 7. Peatland areas and threats in the Cuvette Centrale region of the Congo Basin.

While currently intact, the central Congo Basin peatlands and 
their carbon stocks are highly vulnerable to land use change 
(Haensler et al., 2013). Large areas of the Cuvette Centrale are 
designated as Ramsar sites, covering most of the peatlands, 
with several other protected area designations. On the other 
hand, most of the region is also covered by proposed or current 
concessions for logging, mining and oil and gas development, 
including the expansion of the road network which could 
increase access to previously remote locations (see figure 7). 

Other possible threats include agricultural expansion into 
untouched areas leading to deforestation, peatland drainage 
and overall ecosystem degradation. Furthermore, some 
regional climate projections forecast reduced annual rainfall 
and stronger dry seasons that could also lead to peatland 
drying and drainage (Miles et al., 2017).

The Republic of Congo has recognized the role of peatland 
carbon stocks in the country’s forest reference emission 
level, and are looking into REDD+ and other planning and 
investment mechanisms as a potential tool to promote the 
conservation of the forested peatlands. It is also considering 
the expansion of the Lac Télé Community Reserve to protect 
further areas of forested peatlands. For example, the draft of its 
National REDD+ Strategy aims to ensure that agro-industrial 
concessions are not granted near wetlands or forests with high 
biodiversity value. 

Keeping this massive store of carbon in the ground is an urgent 
priority and the only way to make this happen is to ensure that 
any development is approached in a sustainable manner.
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Threats – Peatlands under pressure
While peatlands are under pressure from a range of human activities, drainage is the 
immediate and most wide-ranging global threat to the integrity of these ecosystems. 
Humans have long exploited the world’s peatlands with over 65 million hectares 
estimated to have been affected by our activity (Joosten et al., 2012). We have taken 
peatlands for granted, often seeing as them unproductive or even hostile land to be 
drained when desired for human use. Records dating back as far as the eighth century 
show that large-scale drainage for agricultural purposes occurred in the Netherlands.

We now have a better understanding of the huge impacts 
of peatland drainage on carbon storage, water regulation, 
biodiversity conservation and other ecosystem services, and 
the resulting economic, environmental and social costs. As 
well as having “nearly irreversible” effects on peat structure 
and the ecological services peatlands provide (Oleszuczuk et 
al., 2008), draining peatlands substantially increases fire risk 
and can lead to significant loss of soil productivity and even 
land loss through subsidence.

Drainage for agriculture

Agricultural expansion has been the main driver of change in 
peatlands around the world (Joosten & Clarke, 2002). Peat soils 
need to be drained to make them cultivable and this releases 
nutrients in the short term. However, the soil can rapidly 
oxidise, dry and degrade leading to low fertility and ultimately 
low productivity (FAO, 2014). Drainage may involve ditches or 
larger canals, and gullies that form spontaneously in mountain 
peatlands (Evans et al., 2005). Where peatland drainage has 
resulted in soil degradation, yield reductions have led to the 
abandonment of large areas (FAO, 2014). Nowadays, there 
is very little new peatland drainage in boreal and temperate 
zones (Rieley, 2014) due to declines in crop production and 
increasing costs (Parish et al., 2008; Hooijer et al., 2012, 
2015). However, the area being drained in the tropics is 
dramatically increasing with Southeast Asia leading the way.

Europe has seen the greatest area of peatland drainage of 
any continent (Parish et al., 2008). Hungary, Greece, the 
Netherlands and Germany were among the top European 
countries reporting the use of drained peatlands for 
agriculture (Joosten & Clarke, 2002). An estimated 38,600 
km2 have been drained for agriculture in the former Soviet 
Union (Inisheva, 2005; FAO, 2014). Large areas rendered 
unproductive have now been abandoned and are susceptible 
to fires in dry summers. 

Peatlands in North America have been used to grow cranberries, 
vegetables, sugar cane, rice and fodder (Joosten, 2002) but 
they have been less affected by drainage (Joosten, 2010). 

In China, peatland drainage for agricultural expansion started 
around 200 years ago, and almost all peatlands have been 
degraded by crop production or grazing (Joosten et al., 2012). 

Large-scale land-use change in tropical peatlands only started 
during the mid-twentieth century and large areas remain 
undisturbed (Parish et al., 2008; FAO, 2014; Dargie et al., 
2017). In South America and Central Africa, the expansion of 
road networks followed by commercial agriculture or forestry 
appears to be an emerging threat for the largely undisturbed 
tropical peatlands (Dargie et al., 2017; Roucoux et al., 2017). 

This would follow the pattern seen in Southeast Asia where 
peat swamp forests have been targeted for agricultural 
expansion mainly for palm oil and forestry projects, for pulp 
wood production and relocation programmes (Hooijer et al., 
2010, 2015; FAO, 2014). Over 90 percent of peat swamp forests 
in western Southeast Asia have been disturbed (Miettinen 
et al., 2017). In the past 30 years, substantial drainage in 
both Malaysia and Indonesia has been undertaken to allow 
plantation development, driven by the demand for palm oil 
and paper (Miettinen et al., 2017; FAO, 2014). 

In Indonesia, an additional factor is that population growth 
and urbanization have increased demand for new agricultural 
land (FAO, 2014). Much peatland conversion resulted from 
a national programme for relocating millions of landless 
people (FAO, 2014), which ended in 2015. However, the 
typical approach by these new small landholders has been to 
use fire to clear land and temporarily boost its fertility. Fire is 
also widely used in commercial agriculture. 

Commercial forestry

Commercial forestry, which is prevalent across Scandinavia, 
North America, the countries of the former Soviet Union, 
the United Kingdom, and Southeast Asia, is the second 
greatest cause of land-use change in peatlands (Parish et al., 
2008; Joosten et al., 2012). Globally, commercial forestry has 
claimed more than 120,000 km2 of peatlands, mainly within 
boreal and temperate regions where the land is drained to 
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improve tree growth and intensive wood-production (Parish 
et al., 2008; FAO, 2014). In the tropics, forested peatlands 
are often subject to selective logging or clear-cutting (FAO, 
2014), and this is exacerbated by the digging of canals to open 
up access to the forest and to transport logs. However, the 
removal of trees and their roots allows water to flow more 
rapidly from the peatland, as well as exposing the peat surface 
to the drying heat of the sun. 

Peat extraction and usage

Though the mining of peat for fuel and other purposes affects 
only a small proportion of the world’s peatlands, its regional 
impacts are significant (Joosten & Clarke, 2002; Liikanen 
et al., 2006; Parish et al., 2008). Peat has been a source of 
energy for over 2,000 years (Parish et al., 2008). It was used 
on a large scale by households in temperate and boreal regions 
until the introduction of coal at the end of the 19th Century, 
and was later taken up by industries to generate electricity 
and heat (FAO, 2014). Before 1990, the largest users of peat 
energy were the countries of the former Soviet Union, but 
today more than 95 percent of it is used in Europe, mostly in 

Finland (Minayeva & Grundling, 2010; FAO, 2014). Another 
major use of peat is as a raw material for producing growing 
media for professional horticulture and for home gardening. 
Smaller volumes are used for construction material, 
insulation, textiles, cosmetics and the production of various 
chemicals (Joosten et al., 2012). 

Infrastructure development

On a similar scale to peat extraction, infrastructure development 
such as the construction of new roads also has a significant 
impact. For example, in Brunei one of the last-surviving 
pristine peat swamp forests in Southeast Asia is threatened by 
the development of an oil pipeline and its service road which 
drains the middle of a peat dome and slowly desiccates the peat 
and forest. The conversion of peatlands in coastal areas, such as 
mangroves and saltmarshes, to meet urban development and 
waste disposal needs also furthers their demise (Parish et al., 
2008). Peatlands are also being impacted by the development 
of wind farms in some European countries, and oil and gas 
exploitation infrastructure in North America, Russia, Nigeria 
and Western Amazonia (Joosten & Clarke, 2002).
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Environmental and social impacts of peatland drainage

FAO-Mitigation of Climate Change in Agriculture (MICCA) Programme, 2014, Peatlands and Climate Change.
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Many human activities in peatlands cause changes in ecological 
processes, ecosystem structure and species composition 
(Limpens et al., 2008), usually as a result of drainage and the 
destruction of native vegetation (Parish et al., 2008). The social 
and environmental impacts can continue for decades or even 
centuries, with huge economic consequences. These result 
in land loss from subsidence, fires and their associated haze, 
reduced water quality, loss of unique biodiversity, loss of the 
potential for the sustainable use of peatlands (paludiculture), 
as well as a contribution to global warming caused by loss of 
peat carbon stocks.

Greenhouse gas emissions

When peatlands are drained, peat comes into contact with 
air and oxidation of organic matter starts releasing the 
accumulated carbon and nitrogen into the air. In this way 
peatlands are converted from long-term carbon reservoirs into 

sources of greenhouse gas emissions that can continue for 
decades and beyond (Limpens et al., 2008; Parish et al., 2008; 
Joosten, 2010; Urák et al., 2017). Once drained, peatlands 
become vulnerable to more frequent and deeper fires, which 
make a substantial contribution to greenhouse gas emissions. 

Half the world’s peatland emissions come from Southeast 
Asia where a combination of deforestation, deep drainage 
and high temperatures boosts peat decomposition and the 
incidence of fires (Joosten et al., 2012; Biancalani et al., 2014). 
For example, in 2015, Indonesia experienced, “the year’s worst 
environmental disaster” (The Guardian, 2015) which, following 
an exceptionally dry year brought on by a particularly strong 
El Niño weather system, saw emissions from peat fires alone 
reach between 1.5 to 1.75 GtCO2e, more than the entire total 
annual emissions of Japan for that year (World Bank, 2015; 
Field et al., 2016; UNFCCC, 2017). This trend continues 
globally with large and uncontrollable fires every dry season.  

Effects of peatland degradation

Figure 10. Countries with the most peatland and highest carbon dioxide emissions due to peatland degradation.

Emissions from peatlands by country

Source:  Wetlands International, Briefing paper: accelerating action to Save Peat for Less Heat!
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While representing only 3 percent of the world’s land, drained 
peatlands emit nearly five percent of global CO2 (Wetlands 
International & Greifswald Mire Centre, 2016). Peatland fires 
add over the long run an average of 0.5–0.6 GtCO2e to this 
amount, leading to total peatland emissions of over 2 GtCO2e.7

Fire and haze

It is estimated that 15 percent of global peatlands have been 
drained and used for agriculture, livestock and forestry. 
However, drained peatlands are highly prone to fires, which 
are particularly difficult to extinguish, and have a range of 
impacts. In dried peat soils, fires used to control vegetation can 
easily get out of hand and can penetrate the ground to depths 
near the water table where the fires can remain undetected. 

They can continue to smolder below ground, lasting several 
months even following days of rain and under snow cover, 
and spread over long distances (Abel et al., 2011; Betha et 
al., 2012; Davies et al., 2013; Marlier et al., 2015b). Large-
scale peatland fires following drainage have been reported in 
Western Europe, Russia and Southeast Asia (Boehm & Siegert, 
2001; Parish et al., 2008; Joosten et al., 2012; Gaveau et al., 
2014a, 2014b; Page & Hooijer, 2016).

Smoke from peatland fires can generate a haze that contains 
dangerous levels of particulates termed “black carbon”, trace 
metals, polycyclic aromatic hydrocarbons (PAHs) and nitrated 
PAHs (Betha et al., 2012; Marlier et al., 2015b). These increase 
the risk of cardiovascular diseases, respiratory conditions and 
cancer (Betha et al., 2012; Page and Hooijer, 2014; Haikerwal 
et al., 2015; Adams et al., 2016). The haze can reduce air 
quality over long distances and spread across national 
borders. In 2010, peatland fires in Central European Russia 
caused a disaster that forced millions of people to move 

Underground fires

Source: Greifswald Mire Centre 2012, original drawn by C. Klobe, C. Klobe, Michael Succow Foundation.
LÓPEZ, 2017

Figure 11. The spread of peatland fire from the surface to subsurface [original drawn by C. Klobe, Michael Succow Foundation].

7. This figure is roughly equivalent to emissions from 232 million passenger 
vehicles being driven for a year. https://www.epa.gov/energy/greenhouse-
gas-equivalencies-calculator.
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from their homes and provoked a partial shutdown of air 
transportation because of dense smoke covering thousands of 
square kilometres reducing visibility (Gilbert, 2010). 

Water pollution

Peatland drainage also increases the release of carbon 
and nitrogen into the water (Charman, 2002; Holden, 
2005). Degraded peatlands, eroded due to vegetation 
clearance, drainage, peat mining or gully formation, cause 
downstream water pollution. The dissolved and particulate 
organic carbon can significantly reduce water quality and 
affect the solubility, transport and toxicity of heavy metals 
and organic pollutants. Arsenic and lead contamination of 
drinking water from peatland erosion has been studied in 
the United Kingdom and may be especially problematic 
where these metals are concentrated in burnt ash (Rothwell 
et al., 2011; Clay et al., 2016). These heavy metals were 
originally deposited by industrial and vehicle emissions 

and are now slowly being released. The added carbon 
clouds and acidifies the runoff water, and changes the local 
freshwater ecology with an impact on drinking water quality 
and fish production. Siltation from eroding peat can also be 
problematic for hydropower facilities. 

Soil subsidence and water regulation

Subsidence (height loss) of drained peatlands has had a severe 
economic impact on agriculture, infrastructure and urban 
areas all over the world. As the water from the peatland is 
drained away, the peat body partly collapses under its own 
weight, the peat breaks down into smaller parts allowing it to 
stack denser, and the organic matter oxidizes, i.e. disappears 
into the air. The height loss through collapse happens quickly 
and is large (e.g. 30 cm per year), whereas oxidation is a 
slower but persistent process which is responsible for 1–2 
cm subsidence per year in temperate areas (Erkens et al., 
2016). In tropical regions, in the first five years after drainage, 
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In 2015, El Niño triggered fires in Indonesia that destroyed 
around 17,000 km2 of forest and plantations according to the 
Indonesian Ministry of Environment and Forests (Jakarta Post, 
2015). The smoke blackened the sky over Borneo and Sumatra 
and parts of neighbouring Malaysia and Singapore. 

The Indonesian Agency for Meteorological, Climatological 
and Geophysics estimated that 43 million people in Indonesia 
alone were exposed to the haze, with half a million treated for 
respiratory illnesses related to air pollutants (The Wall Street 
Journal, 2015). Six provinces declared a state of emergency when 
the number of active fires reached 127,000, the highest level 
recorded since 2003 (World Resources Institute, 2015a; The 
Wall Street Journal, 2015). The regional economy was affected 
with the cost to Indonesia alone estimated at USD 16.1 billion 
(Glauber and Gunawan, 2015). In addition to carbon dioxide, 
peatland fires release the greenhouse gas methane, which is 
approximately 30 times more potent as a heat-trapping gas. 

The low oxygen content of peatlands results in partial burning 
of the organic matter and high loads of particles, contributing 

Focus on Indonesia – Tackling peatland fires

disproportionally to haze. On the worst days, greenhouse gas 
emissions from Indonesia’s fires exceeded those being released 
by the US economy as a whole (World Resources Institute, 2015b).

In August 2015, the sky was yellow. We were starved of oxygen. We 
couldn’t breathe … Our eyes burned. We couldn’t sleep. We couldn’t 
run. Where would we run to? The sky was dark. The air was poison.8

In recent years, major peatland fire events occurred in 2006, 
2009, 2013, 2014 and 2015, with states of emergency being 
declared in five Indonesian provinces as the fire season got 
underway in August 2017. This points to a long-term dramatic 
increase in fire vulnerability in drained Indonesian peatland 
landscapes. Fires are typically lit during the dry seasons 
on cleared or degraded forest lands to expand agricultural 
plantations. They are also used to open access to fishing pools, 
wildlife and other resources (Chokkalingam et al., 2007). 

8. Emmanuela Shinta of the Indigenous Dayak people and Ranu Welum 
Foundation describing the effect of Indonesian peatland fires at the Global 
Landscapes Forum, 18 May 2017, Jakarta.
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Peatlands

Average annual concentration of fire alerts (2005-2015)

Satellite fire detection in Indonesia

Source: Global Fire Watch, 2017, Fire history: 2001-2015 historical fire occurence.
LÓPEZ, 2017
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Figure 12. Fires detected by remote sensing in Indonesia.

Indonesia’s peatland fires are a major cause of international 
concern due to their contribution to global warming, and more 
immediately, their effects on human health and the economies 
of adjacent countries. Under the ASEAN Agreement on 
Transboundary Haze Pollution signed in 2002, ratified by 
Indonesia in 2015, the 10 country members of the Association 

of Southeast Asian Nations (ASEAN) agreed to work together 
to monitor and tackle the problem.  

The increase in fire vulnerability has major implications for 
Indonesia’s ability to meet the Sustainable Development 
Goals and other global commitments. As Indonesia strives to 
break the cycle of peatland fires, it is looking into and trying 
out options to promote sustainable agriculture and economic 
development while working hard to restore peatland hydrology.

In 2011, the Indonesian Government established a moratorium 
on the new conversion of primary forest and of peatlands more 
than three metres deep, and has renewed it several times since 
(Murdiyarso et al., 2011; Austin et al., 2014). 

In 2016, President Joko Widodo extended the moratorium to 
cover all peatlands and instructed companies to restore the 
hydrology of damaged peatlands urgently. It established the 
Peatland Restoration Agency (Badan Restorasi Gambut – BRG) 
to coordinate and drive the ambitious goal to restore 20,000 
km2 of degraded peatlands by 2020 (World Bank, 2017).

36 37
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peatland subsidence is typically 1–2 metres. In subsequent 
years, it stabilizes to a constant 3–5 cm per year, resulting in a 
subsidence of 2–3 metres over 25 years and 4–5 meters within 
100 years (Fornasiero et al., 2002; Hooijer et al., 2012; Page 
and Hooijer, 2014; Epple et al., 2016). 

As a result, relative water levels in the peatlands will rise again 
(the water level does not rise, but rather the land subsides), 
eventually flooding the peatland, unless it is drained deeper, 
thus again speeding up subsidence. This process is a vicious 
cycle which causes drained peatlands to be slowly bogged 
down. In many areas of the world, peatland heights are close 
to sea level (e.g. in Southeast Asia, Northwestern Europe, 
Florida and California). There, the subsiding areas become 
prone to flooding and exposure to acid sulfate soils, saltwater 
intrusion, spoiling the area for agriculture (Fornasiero et al., 
2002; Page et al., 2002; Hooijer et al., 2012, 2015; Page and 
Hooijer, 2014; Boersma, 2015). 

In the Netherlands, coping with the effect of land subsidence on 
underground infrastructure in peatland soils requires an annual 
investment of up to 250 Euros per capita (or a total of 4.25 billion 
Euros) (Boersma, 2015). That’s greater than the annual gross 
domestic product of each of the world’s poorest 28 countries. 
Subsidence has led some Dutch cities to be as much as eight 
metres below sea level (FAO, 2014). Another study estimated the 
potential cost of repairing the Netherlands’ damaged infrastructure 
to be as high as 5.2 billion Euros up to 2050 (PBL, 2016).

In Malaysia, in the Rajang Delta, subsidence already affects 
the productivity of 29 percent of the area. It is also impacting 
24 percent of the Kampar Peninsula in Indonesia. Subsidence 
is expected to increase in both areas to the extent that nearly all 
peatland in the area will be lost; much of it within decades and 
most within the next 100 years (Hooijer et al., 2015; Hooijer 
et al., 2015a). It is worth noting that subsidence contributed to 
the abandonment of Indonesia’s Mega Rice Project in 1999.
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However, subsidence is not just a threat in coastal areas. For 
example, if drainage channels were to be constructed in the 
Congo Basin, salt water intrusion would not be an issue, but 
subsidence would quickly make the area undrainable again. 
In some countries, large parts of the mineral soils below 
peatlands have the potential to become acid sulfate soils. 
Hence, even when flooding in peatland areas does not occur 
prior to the loss of peat, the exposure of the mineral soil may 
create acid sulfate conditions, thus rendering all forms of 
productive land-use impossible. 

Biodiversity

Vegetation clearance, drainage and burning are also major 
causes of biodiversity loss within peatlands across the world 
(Osaki & Tsuji, 2016). These practices change ecosystem 
structure and species composition, reducing their capacity to 
recover from future disturbance (Turetsky et al., 2014; Osaki 
& Tsuji, 2016). 

In the United Kingdom, peatlands have been historically 
sidelined in the broader quest for economic development. 
Some argue that without active policy intervention, lowland 
raised bogs – a priority habitat under the European Habitats 
Directive – could be lost from the UK entirely (Lindsay, 1993). 
This would have a devastating impact on endangered wildlife 
such as the ‘vulnerable’ large heath butterfly (Coenonympha 
tulllia), the ‘rare’ white-faced darter (Leucorrhinia dubia) and 
mire pill beetle (Curimopsis nigrita). Their habitat has already 
suffered rapid destruction from commercial peat extraction 
and drainage of land for agriculture.

Peat extraction for horticultural growing medium involves 
the complete removal of existing vegetation and the 
steady removal of the peat body (Lindsay, 1993) exposing 
a moonscape-like landscape denuded of life. An example 
of this is the Chat Moss bog in Manchester. The license 
for extraction from the bog ended in the early 2000s, and 
although the peat mining company applied for further 
planning permission to continue, it was refused by the local 
planning authority in 2011 (BBC, 2012). A requirement for 
the extraction company to restore this site exists, although 
the site remains in a poor condition. 

Peatlands in a changing climate

Climate change has emerged as a significant threat to peatland 
ecosystems, because it exacerbates the effects of drainage and 
increases fire risk (Turetsky et al., 2014). It exposes peatlands 
currently protected by permafrost to thawing and possible 
increased methane emissions and loss of carbon, and the 
associated sea-level rise increases the risks of coastal erosion 
and salination of freshwater peatlands (Whittle et al., 2016). 
While this report focuses on tropical peatlands, it is worth 
remembering that permafrost peatlands also hold a vast 

amount of carbon, which may be released as CO2 or much 
more potent but shorter-lived methane and nitrous oxide 
(Hodgkins et al., 2013; Voigt et al., 2017).

Climate change alters the carbon cycle within intact and 
degraded peatlands. Moisture protects peat from being broken 
down. Warmer conditions speed up this decay and dry out 
peatlands at a faster rate. Likely climate changes across the 
world include increases in mean surface temperature, more 
intense dry seasons, changes in the cloud cover patterns, 
increased rainfall and fire frequency (Charman et al., 2013). 
Drained peatlands are already much drier and will be less 
resilient to the impact of these changes. Keeping peatlands 
intact is thus a key strategy to increasing ecosystem-based 
resilience and adaptation to climate change.

There is some evidence from existing degraded sites that 
under a warming scenario, permafrost peatlands would 
collapse and be inundated with freshwater. An Arctic 
fen habitat would develop and begin to form peat again 
(Swindles et al., 2015).  The overall climate implications 
are uncertain as methane will be released at the same 
time that carbon dioxide is sequestered. Salination driven 
by sea-level rise would reduce the ability of peatlands to 
store carbon, trigger changes in the biota and reduce their 
capacity to provide ecosystems services on which people 
depend (Whittle et al., 2016). Tropical peatlands, especially 
those across Southeast Asia, are thought to be the most 
vulnerable to this threat due to subsidence (Whittle et al., 
2016). Nonetheless, the impact of future sea-level rise 
could be superseded by anthropogenic disturbance of these 
ecosystems (Whittle et al., 2016).

Economic impacts

The unsustainable use of peatlands worldwide has had 
significant impact on human societies and our economies. 
These effects are long lasting with a price paid across many 
generations that largely supersedes the short-term initial 
benefits of their conversion. Modern economies within the 
Northern Hemisphere suffered these impacts early, with 
poverty levels in communities associated with degraded 
peatlands in Western Europe being often higher than for 
other agricultural populations (Parish et al., 2008). 

Today, conflicts continue to arise given the myriad of 
stakeholders and interests often involved in the use and 
management of these ecosystems (Parish et al., 2008). 
Unsustainable use of peatlands is driven by a lack of 
knowledge and/or recognition of their value as key habitats 
for wildlife, crucial providers of ecosystem services for human 
development, but also due to governance issues and the 
immediacy of land demands (Parish et al., 2008). Agricultural 
subsidies can also help to overestimate the economic benefit 
derived from peatland exploitation. 
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Solutions – Moving ahead
The overriding solution to ensuring the conservation of peatlands is relatively simple: 
keep them wet. Or, if they have been drained, rewet them.

In view of the threats to peatlands and their great importance 
in delivering multiple benefits and ecosystem services there 
is an urgent need for global leadership that ensures their 
restoration, protection, ongoing conservation and sustainable 
use. Saving our global peatlands is ambitious, but achievable. 
Our aspiration must be to:

•	Conserve remaining undamaged peatlands to keep 
carbon locked in the ground and to provide vital habitat 
for endangered species while providing essential services 
and multiple benefits to people. Peat in these systems will 
continue to accumulate and sequester carbon from the 
atmosphere, assisting in the mitigation of climate change. 

•	Prevent the further release of carbon emissions from eroding 
and decomposing peat, and therefore exacerbating climate 
change. Do this by working toward stopping damaging 
practices involving drainage or excavation of peatlands and 
by taking action to rewet and restore degraded peatlands. 

•	Find an economic incentive for re-wetting. An example is 
by developing business cases for peatland water and climate 
regulation services and/or looking at livelihood options 
that use alternative crops that can cope with naturally high 
water levels (paludiculture) where possible to provide direct 
economic returns. 

By maintaining peatlands in their natural state, or rewetting 
drained peatlands, carbon remains in the ground, providing an 
important carbon store. Peatlands do not need to be drained 
to be productive. Developing management techniques and 
looking at sustainable uses such as ecotourism is essential 
and will help to maintain the peatlands in a wet condition. 
For example, about 400 species have been identified for 
Indonesian peatlands that have an economic potential. These 
include sago for the production of starches, purun grass for 
basketry, tengkawang which produces edible oil, jelutung which 
produces natural rubber and rattan for basketry and furniture.

Rewetting

Rewetting peatlands is an essential step in their restoration. 
Peatlands rely on waterlogged conditions for their survival. 
This prevents the decomposition of plant material and leads 
to the formation of peat and the carbon assimilated in the 
lifetime of the plant being stored in the soil. 

When these wet conditions are removed or altered, the peat 
is exposed to oxygen which reacts with the carbon and leads 

to its oxidation and the preserved plant material is lost in 
the form of carbon dioxide (Lindsay et al., 2014). Rewetting 
peatlands halts this process and therefore the release of 
carbon dioxide. Depending on the restoration activities and 
external conditions, the peatland may also once again start to 
accumulate peat over time.

Reduction in greenhouse gas emissions is not the only gain. 
In the case of Russia – for example, the Russian-German 
cooperation project ‘Restoring Peatlands in Russia’ – for fire 
prevention and climate change mitigation’ plans to rewet 700 
km2 of drained peatlands in the hope of also reducing their 
vulnerability to fires, following severe peat fires in 2002 and 
2010 (Sirin et al., 2017).
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The new Indonesian policy focuses on restoring degraded 
peatlands and prohibits new activities that damage the 
hydrological functions of peatlands, including drainage 
and conversion to plantations. The Peatland Restoration 
Agency’s restoration efforts focus on seven provinces: Riau, 
Jambi, South Sumatra, Papua, and West, East, and Central 
Kalimantan. It classifies Indonesia’s peatlands into four 
categories based on the topography, presence of drainage 
canals and recent fires. 

Focus on Indonesia – Peatland restoration

Under the Paris Climate Change Agreement, Indonesia pledged 
to reduce its projected emissions by 29 percent by 2030 against a 
business-as-usual baseline scenario, and up to 41 percent subject 
to international assistance and financial support (Krisnawati et 
al., 2015). The new policy is ambitious and requires far-reaching 
changes in land-use management practices, and requires 
enormous collaborative efforts to implement and enforce it. 
Recognizing this, Norway is providing support to Indonesia 
through a USD 50 million grant, half of which will be disbursed 
when the monitoring and enforcement plan is created.

Indonesian provinces targeted for peatland restoration

Source: Source source source
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Figure 13. Indonesia has targeted several provinces for peatland restoration.
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Protecting Peatlands in Riau
About a two-hour drive from Pekanbaru, the capital of Riau 
Province on the Indonesian island of Sumatra to Siak Sri 
Indrapura, lies the ancient capital of the Malay kingdom of the 
same name. Small villages dot the windy road which undulates 
over a landscape dominated by palm oil plantations. Riau is rich 
in natural resources like petroleum and natural gas. It is home 
to rubber and oil palm plantations and has also seen extensive 
logging and peatland degradation. Like other parts of Indonesia, 
fires in past years have affected the local people and their health. 

Siak district is home to large peat domes and Riau Province 
alone has approximately 4,600 km2 of peatlands, many 
of which are located on forestry and plantation company 
concessions. A peatland management plan was created in 
2009 enabling the government to take a landscape level view, 
and to treat the peatlands as an entire system. H. Alfredi, Vice 
District Head of the region, said the district government “has 
designated several areas proposed as peatland protection or 
conservation zone, in addition to designating areas as wildlife 
reserves, biosphere reserves, and Zamrud National Park.” 
These areas include a number of peat domes (Alfredi, 2017).

A few kilometres from the capital, the district government and 
the national Peatland Restoration Agency have been working 

with local people to dam some of the thousands of kilometres 
of drainage canals that cut through the region. This is designed 
to raise the water level to keep the peatlands wet and reduce 
the number of fires. 

“We can already feel the benefits,” Alfredi said. “Forest and land 
fire incidents have dropped in the last five years.” Traditional 
Malay teachings on “the relationship between man and the 
environment” underlie the regional approach, he said. These 
include “an indication that one is trustworthy – he or she 
does not destroy forests and nature.” Not destroying nature 
indicates “one that thinks carefully,” he said.
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Paludiculture and sustainable management 
techniques

The sustainable management and use of peatlands is a relatively 
new area of scientific research (FAO, 2014; Joosten, 2014). For 
centuries, communities in many parts of Europe cultivated 
reeds in wet peatlands for thatching, while in Asia starch is 
produced from sago palms to make noodles and cookies. 
Paludiculture is one of the emerging management techniques 
that produces biomass from wet and rewetted peatlands in a 
way that maintains the peat body and the ecosystem services 
that the peatland provides. It may also facilitate carbon 
accumulation, produce food and feed for animals, fibre and 
fuel, and support the generation of other raw materials, as 
well as help reduce fire frequency and prevent land subsidence 
(Joosten, 2014; Schröder, 2014).

Other sustainable management techniques could include the 
cultivation of fish or the pursuit of ecotourism. Another option 
where rewetting is not possible is the adoption of adaptive 
management that avoids over-drainage, soil tillage and the 
use of fertilisers to reduce GHG emissions (FAO, 2014).

Due to the complexity and unique nature of peatlands around 
the globe, further research and customized pilot studies are 
required to identify appropriate paludiculture and peatland 
management options for different regions and to monitor the 
long-term impacts on food security, resilience, livelihoods and 
climate change. It is also vital to learn from traditional uses of wet 
peatlands and to provide a platform for knowledge and exchange 
between communities, the private sector and government. To 
advance understanding in this area incentives, technical advice 
and funding is required for testing and evaluating sustainable 
peatland management practices and associated development 
of investment options and viable alternative livelihoods.

Recognizing benefits

Whether protecting pristine areas or restoring degraded 
peatlands, the climate mitigation and adaptation benefits 
achieved through their conservation has important outcomes. 
It contributes to the implementation of the Paris Agreement on 
Climate Change and supports the achievement of the Sustainable 
Development Goals. It also supports the implementation of 
other global environmental instruments such as the Convention 
on Biodiversity Aichi Targets which focus on the fact that healthy 
and functioning ecosystems are essential for human well-being.
 
After centuries of degradation, European peat resources are 
now starting to be seen by their respective governments as 
an important organic carbon pool for which protection efforts 
need to be made to prevent further losses. Developing countries 
have an opportunity to leap frog and skip the destructive stages 
that saw countries learning the tough lessons about the impact 
of peatland degradation and destruction. Achieving a new 

sustainable approach to the management of peatlands requires 
focused action, with developed countries providing both the 
support and resources required to help lead the change. This 
focused action can be divided into five main areas, all of which 
require capacity building, outreach and awareness raising:

1.	 Development of policies and plans that take into account 
the need to sustainably manage peatlands, to protect and 
conserve them as appropriate and consider the full cost of 
their degradation and loss. 

2.	Land use planning and developmental decisions need to 
recognize and value the ecosystem services and multiple 
benefits that peatlands provide by acknowledging the 
importance of peatlands for climate change, biodiversity, water, 
heritage and attaining the sustainable development goals. 

3.	 Ensure the necessary legal and fiscal arrangements are 
in place to support new research and to invest in and 
fund sustainable peatland management pathways. These 
must also include private sector funding and investment 
opportunities to support alternative livelihoods.

4.	Create and or strengthen institutions that can coordinate 
and collaborate between sectors and stakeholders to ensure 
that synergies are created and that good practices within 
countries and across the globe in peatlands management 
are made available and shared.

5.	 Invest in peatlands research to fill the information, data 
and knowledge gaps and support evidence-based decision 
making while fostering innovation in sustainable peatland 
management.

Policy

Peatland biodiversity has been recognized for some time. 
Ecosystem service benefits of peatlands are becoming 
increasingly known, leading them to feature in some of the 
world’s high-level environmental regulations and agreements 
(Stoneman et al., 2016), which are summarized in Table 3 
below. Some countries have been setting their own approach to 
tackling threats to peatlands with varying success to date within 
the framework established by these international agreements.

One of the earliest global agreements to recognize peatlands 
was the Ramsar Convention (1971). Since 1996 the Convention 
has specifically acknowledged half of the world’s wetlands as 
peatlands. This led to the development of a global action plan 
for the wise (sustainable) use and management of peatlands 
with the ‘Guidelines for Global Action on Peatlands’ adopted in 
2002. This allowed different stakeholders from the public and 
private sectors to collaborate with a focus on five priority themes:

1.	 Improvement of knowledge on global peatland resources
2.	Education and public awareness
3.	 Policy and legislative instruments
4.	Wise use of peatlands
5.	 International cooperation.
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Agreements

Ramsar Convention

UN Convention on 
Biological Diversity (CBD)

UN Framework 
Convention on Climate 
Change (UNFCCC)

2030 Agenda for 
Sustainable Development

IUCN World Conservation 
Congress, 2016

Convention on International 
Trade in Endangered 
Species of Wild Fauna and 
Flora (CITES)

Detailed plans

•	Strategic Plan 2016–2024
•	Global Action Plan for 

Peatlands

•	Strategic Plan for 2011–
2020 and the Aichi Targets

•	Kyoto Protocol, REDD+, 
LULUCF, etc.

•	Paris Climate Change 
Agreement

•	Sustainable Development 
Goals

•	Motion 046: Securing the 
future of global peatlands

•	CITES Strategic Vision 
2008–2020

Requirements 

•	Conservation and wise use of all wetlands through local, 
regional and national actions and international cooperation.

•	Establish and manage a network of protected sites.
•	Recognition of ecosystem services provided by peatlands 

and their role in sustainable development. Requirement 
to maintain, restore and wisely use.

•	Peatland ecosystems are to be restored and safeguarded 
for the provision of essential services and contribution to 
carbon stocks. The loss of their biodiversity is to be halted.

•	Adverse impacts related to the use of biological resources 
are to be avoided or minimized. Their conservation 
and sustainable use should be integrated into national 
decision-making.

•	Incentives, including subsidies, which are harmful to 
biodiversity are to be eliminated, phased out or reformed 
by 2020.

•	Protect and enhance carbon reservoirs and account for 
losses/gains from peatlands.

•	Make available national inventories of anthropogenic 
emissions by sources and removals by sinks of all 
greenhouse gases.

•	Peatland conservation overlaps with the majority of 
Sustainable Development Goals, but those listed below 
are particularly pertinent:

•	SDG 6: Ensure availability and sustainable management 
of water and sanitation for all

•	SDG 12: Ensure sustainable consumption and 
production patterns

•	SDG 13: Take urgent action to combat climate change 
and its impacts

•	SDG 15: Protect, restore and promote sustainable use 
of terrestrial ecosystems, sustainably manage forests, 
combat desertification, and halt and reverse land 
degradation and halt biodiversity loss.

•	States to place a moratorium on peat exploitation until 
their legislation is strengthened to ensure peatlands are 
protected or managed through wise use principles.

•	States to give appropriate consideration to the importance 
of the preservation of peatlands when implementing 
activities to reduce deforestation and forest degradation.

•	Recognizes that wild fauna and flora are an irreplaceable 
part of the natural systems of the earth and must be 
protected.

Table 3. International agreements applying to peatlands
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The efforts of various countries, peatland specialists and 
NGOs led to the adoption of a new “rewetting of drained 
organic soils” activity under the UNFCCC Kyoto Protocol. 
Following a request by the UNFCCC, the Intergovernmental 
Panel on Climate Change developed practical guidance 
how to account for these activities. This led to a voluntary 
compensation scheme for peatland restoration activities 
under the Kyoto Protocol. 

The latest decision by the parties to the Ramsar Convention 
(Resolution XII.11) pragmatically summarizes the 
implications for the Convention on peatlands, climate change 
and wise use (Ramsar, 2015). It calls for a limit on activities 
that lead to drainage of peatlands that may cause subsidence, 
flooding and the emission of greenhouse gases. It urges 
greater international cooperation, technical assistance and 
capacity building to address this. Parties are called on to use 
their national inventories to map the distribution of peatlands 
to determine the extent to which they sequester carbon – a 
useful step in the context of identifying Nationally Determined 
Contributions to fulfill the Paris Climate Change Agreement.

Further policy guidance is being prepared by the Ramsar 
panel to provide advice on practical methods for rewetting 
and restoring peatlands. It is also working on guidelines 
for inventories of peatlands at a national scale and their 
designation under the Ramsar Convention. This is a specific 
contribution to the implementation of Ramsar’s 2016-
2024 Strategic Plan and its contributions to achieving the 
Sustainable Development Goals. 

A 2010 review into progress towards the Convention on 
Biological Diversity (CBD) objectives also reinforced the 

need to conserve and restore peatlands while CITES and the 
Convention on the Conservation of Migratory Species of Wild 
Animals (CMS Bonn Convention) encourages signatories 
to protect the habitat of endangered or migratory species, 
for example the  Bornean orangutan or the aquatic warbler 
Acrocephalus paludicola, a migratory passerine bird living 
mainly in Belarusian peatlands (Stoneman et al., 2016).

Central to current action on peatlands is the UNFCCC 
which focusses on action to mitigate climate impacts from 
anthropogenic greenhouse gas emissions and specific 
commitments under the Kyoto Protocol to reduce emissions 
and account for land use, land-use change and forestry 
(LULUCF) activities. Current agreement texts include the 
need to account for all significant carbon stores, and mitigation 
activities that include wetland drainage and rewetting. The 
REDD+ framework also helps reduce peatland emissions.

These international agreements reinforce one important 
message – to ensure peatlands, their biodiversity and 
ecosystem services are conserved and restored to a 
functioning state. They send a clear message to individual 
governments that strong action is required. To deliver on their 
commitments, governments must develop or strengthen 
their own policies to encourage peatland restoration and 
responsible management. 

An FAO report (Joosten, Tapio-Biström and Tol, 2012) 
recommended these policies include strategic planning to 
protect peatlands from damaging activities, the removal 
of perverse incentives that fuel further damage, increased 
government and private sector investment, and ongoing 
support for implementing projects, monitoring, research 
and knowledge exchange. In addition, coordination and 
cooperation across government sectors is necessary to secure 
the ecosystem benefits, with healthy, functioning peatlands 
as a shared goal rather than maximizing the delivery of 
individual services (Bain et al., 2011).

More work and analysis is needed to understand the different 
global agreements and processes to identify the most effective 
pathways to stimulating and enabling governments to act. 
Effective processes that provide guidance and offer funding 
to support peatland restoration, management and land use 
planning would lead to a greater impact and successful uptake. 

Legal and fiscal environment

Effective funding mechanisms are essential to achieving 
large-scale peatland conservation. Historically, peatlands have 
been undervalued because there is a disconnect between the 
ecosystem services they provide, their accounted value and 
the support given for their management. For this reason, 
peatlands can be viewed as a repository of largely un-priced 
public goods of international value (Hubacek et al., 2009). 
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Instrument

Direct state control

Legal regulations 

Grant / Contract

Government subsidy

User fee or visitor 
permit

Voluntary donation

Private investment

Tax incentive

Payment for Ecosystem 
Services (PES)

Description

Public ownership of land, with 
areas managed by public bodies.

Government regulation 
includes prohibited activities, 
licenses and permits, planning, 
implementation and monitoring 
requirements and delivery of 
conservation objectives.

A payment to deliver agreed 
work. Can be from government, 
charitable body or other 
organization.

Financial aid provided by the 
government for an activity that 
promotes policy. 

Visitor entrance fees e.g. 
national parks.

Sum of money given to deliver 
charitable purpose.

Private company or individual 
providing payment usually in 
return for a benefit.

Reduction or exemption from a 
tax normally liable in return for 
delivering a service.

Financial incentive for 
managing land in a certain way.

Peatland examples 

•	Staatsbosbeheer, The Netherlands
•	State Forestry Service, Malaysia

•	Law of the Republic Indonesia No. 32: Regarding 
Environmental Protection and Management – requires 
environmental permit for industrial activities and 
Environmental Impact Assessments to be carried out

•	UK Site of Special Scientific Interest (SSSI) – protected by 
law to conserve wildlife

•	EU LIFE Programme
•	Government of Canada – National Wetland Conservation 

Fund

•	EU Common Agricultural Policy

•	Peatlands Park, Ireland

•	Member of the Burns Bog Conservation Society, Canada

•	Utility company – investment in peatland restoration to 
reduce the cost of drinking water treatment, the United 
Kingdom

•	REDD+ mechanism
•	UK Peatland Code, German MoorFutures, Katingan 

peatland restoration project, etc.

Table 4. Mechanisms to support peatland conservation

Public policies need to develop funding mechanisms to 
ensure the restoration and sustainable management of 
peatlands, which in turn will maintain their ecosystem 
services long into the future (Bain et al., 2011). There is 
also a need to explore new ways of tackling the core issue of 
funding large peatlands, especially in developing countries, 
given public expenditure constraints. Governments need to 
be able to consider the options, and cost effectiveness needs 
to be considered against perceived economic opportunity 
costs. Some of the traditional and more experimental fiscal 
mechanisms to support peatland conservation are described 
in Table 4.

Creating a market to finance peatland 
management

Given the scale involved, private financing and access to 
capital resources are necessary to enable governments to 
rise to the challenges they face. In the United Kingdom, 
the development of the Peatland Code looks to facilitate a 
market where private investors, motivated by corporate social 
responsibility, are given assurance that their investment in 
peatland restoration will return verifiable climate benefits, as 
assessed by an independent validation and verification body. 
Funding obtained provides cost-effective peatland restoration 
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and ensures the management and maintenance of restoration 
projects over a minimum 30-year contract. Any private 
funds received can help complement government-funded 
restoration to achieve a bigger impact. 

It builds on the experience of peatland restoration in Germany 
through the MoorFutures standard. Launched in 2011, the 
standard supports peatland restoration in northeast Germany. 
It was developed based on the Wetland Restoration and 
Conservation (WRC) guidance of the VCS (Verified Carbon 
Standard). The carbon standard itself has several peatland 
methodologies in place for tropical regions as well as for 
temperate zones. (Joosten et al., 2016).

Indonesia is also taking a different approach, with support 
from the Global Green Growth Institute (GGGI), an inter-
governmental organization that supports government 

partners in their transition towards economic growth that 
simultaneously achieves poverty reduction, social inclusion 
and environmental sustainability. The Institute and the 
Ministries of Development Planning, Environment and 
Forestry and Indonesia’s Peatlands Restoration Agency are 
working together to develop an integrated business model 
in collaboration with implementing agencies for peatlands 
restoration. Under this model, government investment is 
committed to protecting and restoring the core zones of 
peatlands (in financial and political terms). This in turn 
will build investor confidence and channel private capital 
towards sustainable economic activities in the outer zones 
of the peatland area. 

These activities include restoration work combined with 
commodity and/or service-based projects with farming 
communities. Examples include agroforestry or non-timber 

Figure 14. How funding is received through the UK Peatland Code (IUCN – UK Peatland Programme, 2017).

Figure 15. Innovation can be achieved when public and private capital are used to create a common vision for peatland management 
through a landscape approach.
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forest products, as well as payment for ecosystem services, 
such as reducing emissions. Currently, there is limited capital 
flow for income-generating projects on peatland landscapes, 
so it is hoped this initiative will demonstrate the gains to 
be made and build investor confidence, while benefiting 
community livelihoods and supporting job creation. 

Figure 16. The integrated business model in Indonesia where the core zone receives government protection while permitting 
compatible economic activities in the outer zones.9

LÓPEZ, 2017
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9. Under Indonesian law, development is prohibited in peat with a depth 
of greater than three metres (Wetlands International and Tropenbos 
International, 2016). However, to ensure sustainability, intensive use should 
be restricted to shallow peat of around 1 m of less in depth. Regardless of 
depth, any use of peat soils should be compatible with maintaining water 
levels high enough to prevent decomposition and fire. This applies to both 
the buffer and core zones.
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Framework

Global

Regional

National

Local

Overarching global 
agreements, countries have 
signed up to deliver

Agreements and legislation 
pertinent to a geopolitical 
area 

Country-level legislation and 
agreements

Local partnerships and 
communities with a vested 
interest

Example: Scotland

United Nations:  UNFCCC & Paris 
Agreement

European Union: Habitats Directive; 
Common Agricultural Policy; Water 
Framework Directive

Scottish Government: National 
Peatland Plan and Climate Change 
Act – 250,000 ha (2500 km2) of 
peatlands restored by 2032

Peatland Action – restoration project 
on the ground, delivered by regional 
officers

Example: Indonesia 

United Nations: UNFCCC & Kyoto 
Protocol

ASEAN: Agreement on 
Transboundary Haze Pollution

Indonesian Presidential decree 
(1/2016) establishes Peat Restoration 
Agency (BRG) & Regulation 57/2016 
on peatlands

BRG is working with Kemitraan 
partnership in 259 villages to develop 
“peat care villages”

Table 5. Institutional framework to help deliver peatland conservation

An institutional framework for coordinated 
action

Significant gains can be achieved on multiple global 
agreements by acting now. In fact, peatlands should be 
considered low hanging fruit in terms of achieving climate 
change mitigation, adaptation and biodiversity conservation 
objectives alone. However, to make these gains coordinated 
and focused, policy and funding mechanisms need to be 
integrated to bring about change. In short, peatlands must 
become a collective priority from the top to the bottom of the 
institutional framework.

While regional and national plans are important, success 
on a global-scale will require global action and approaches, 
which filter down the institutional framework to delivery on 
the ground. The Ramsar Convention offers technical advice 
that can be implemented by many countries, especially those 
in the developing world.

Advice and research

Research is needed to underpin the intervention areas and 
enable good advice and decision-making. This report has looked 
at the importance of peatlands from a number of angles and 
discussed why keeping existing peatlands intact is urgent for 
both the planet and people who live with them. To meet the 
sustainable development goals, we need to understand the 
values of peatland ecosystems and the role they play in our 
sustainable future. The knowledge exchanged on peatlands and 
their importance must lead to efforts to reduce their destruction, 
restore them, conserve them, and sustainably manage them. 

The end product of this new awareness and understanding must 
be better land use planning, decision-making and management 
of all forms of human activity. Europe has lost a large percentage 
of its peatlands, although awareness is growing in how to 
keep the rest in place. There is a chance for countries like the 
Democratic Republic of the Congo, Republic of Congo and Peru, 
where much of the peatlands are intact, to become the early 
adopters of an enlightened and climate-friendly approach to 
keeping peatlands intact, to keep the biodiversity alive and to keep 
the carbon they contain in the ground. To achieve this, a good 
starting point would be to continue research and development of 
technologies and approaches and to share good, evidence-based 
and traditional knowledge practices. This would build on the 
existing knowledge base and fill the gaps in knowledge that need 
to be addressed so that peatlands conservation, management 
and sustainable use can be refined and improved as we go along. 

Mapping challenges

There is no comprehensive and precise global map of peatlands, 
organic soils or soil organic carbon. Peatlands are diverse and used 
in very different ways. This hampers the extrapolation of results 
and requires high resolution mapping. In the tropics, even very 
large peatlands await (re-)discovery and confirmation (Dargie et 
al., 2017) with the focus on forested lowland peatlands obscuring, 
until now, the diversity and extent of those at high-altitudes. 

A good high-resolution remote sensing map to identify long-
term waterlogged areas (as a sign of the possible existence 
of peatlands) in tropical lowlands is currently the expert 
system model for mapping tropical wetlands and peatlands 
(SWAMP, 2016; Gumbricht et al., 2017). But this dataset 



50 51

LÓPEZ, 2017
250 km

Distribution of Peat Cover in Europe

Sources: Institute for Environment and Sustainability, Joint Research Centre, European Commission.

0.0

2.5
5.0
10.0
15.0
20.0
35.0
50.0

1.0

Peat Cover (%)

LÓPEZ, 2017
250 km

Distribution of Peat Cover in Europe

Sources: Institute for Environment and Sustainability, Joint Research Centre, European Commission.

0.0

2.5
5.0
10.0
15.0
20.0
35.0
50.0

1.0

Peat Cover (%)

Figure 17. Peat cover in Europe (not including European part of former Soviet Union).
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has poor coverage of higher altitude peatlands and seems 
to overestimate the extent of peatlands in regions where 
peatlands and non-peat wetlands are closely linked, requiring 
further field data for verification and validation.

Additional studies are required in South America and could 
lead to this region being identified as the most peatland-
rich continent in the southern hemisphere (Gumbricht et 
al., 2017). Large and numerous small tropical peatlands are 
known or expected in the lowlands of western Amazonia, the 
Pantanal, the humid Chaco and Parana, the coastal areas of 
the Guyanas and Venezuela, and along the Brazilian Atlantic 
coast, whereas large peatlands are known from southern 
Chile and Argentina (e.g. Fuego-Patagonia).

Many coastal peatlands in tropical Asia have been deforested 
and drained for decades and await further identification 
and mapping (e.g. Bangladesh, Myanmar, Vietnam and 
Cambodia). The actual extent of peatlands and organic soils 
in Papua New Guinea (which has the seventh largest peatland 
area in the world) is also unclear.

In addition, a major mapping challenge will be the numerous 
smaller peatlands that are spread along coastal areas, river 
floodplains and lake shores in the tropics, such as those in 
sub-Saharan Africa. 

In the countries that make up the European Commission, 
the picture is different. Contemporary peat resources have 
been estimated using data provided by the European Soil 
Information System managed by the Joint Research Centre 
(JRC). The data are collected by participating countries and 
harmonized within the European Soil Data Centre hosted by 
the JRC (Montanarella et al., 2006). 

Satellite imagery has recently grown in importance due to 
the increased interest in peatlands and organic soils in the 
framework of the international climate change negotiations and 
the related land use, land use change and forestry discussions. 
Despite rapidly developing remote sensing technology, accurate 
peatland mapping still faces a number of issues. There is also a 
need to collate reliable geo-referenced peatland soil profiles to 
provide the sufficient ground data for calibration and validation 
of remote sensing-based mapping and modelling approaches. 
Making more high resolution satellite imagery freely available 
will help meet these challenges.

Opportunities also exist to integrate fragmented legacy data 
and maps of peatland occurrences to prepare ‘peatland 
probability maps’ as starting points for national peatland 
inventories (Barthelmes et al., 2016). Awareness raising and 
knowledge exchange will be useful in encouraging more 
countries to produce a national inventory. At the same time 
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techniques to foster innovation, such as the ‘Indonesian 
Peat Prize’ contest, could lead to new and improved peatland 
mapping technologies and methodologies.

Research needs

While it is possible to achieve progress in peatland 
conservation now, this report has highlighted a number of 
research gaps that need to be filled to accelerate this. These 
can be summarized into five main areas of need for peatlands 
to support the UN Secretary General’s call for Climate Action. 
These needs will vary between countries:

1.	 Better understanding of the state and extent of global 
peatlands – this information is necessary to better inform 
peatland management for climate change mitigation and 
provision of ecosystem services.

2.	Improved understanding of the contribution of peatlands 
to greenhouse gas fluxes – sequestration and emissions.

3.	 Better understanding of the costs and benefits of peatland 
restoration for delivering ecosystem services, and the 
opportunity costs of a ‘do nothing’ or ‘business as usual’ 
approach.

4.	Monitoring and research into appropriate restoration 
techniques suited to different peatland types and locations, 
with knowledge exchange playing an important part.

5.	 Consistent methodologies in peatland research to enable 
better evaluation and comparison of published studies.

The Global Peatlands Initiative is an effort to establish a much-
needed network where academics, practitioners and policy-
makers work together to identify research needs and develop 
solutions. Strengthening this network will ensure the relevance 
of any work conducted and the swift integration of results into 
practical delivery. This structure will also enable knowledge 
exchange and sharing of good practice to better inform peatland 
restoration, sustainable use and conservation work in the future.
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Sphagnum moss remembers. It recalls the touchdown of each 
lark that tumbles down upon its surface, the slightness of that 
weight recorded in the tendrils of each stem. It anticipates the 
appetites of flock which graze upon that wasteland when the 
rare haze of summer-heat crisps heather.
(Murray, 2013)

Vast parts of Scotland are covered in peatlands, with total land 
cover amounting to around 20 percent or 20,000 km2, an area 
roughly the same size as Wales. Most of these peatlands are 
found in the relatively remote uplands of the north and west 
but many of Scotland’s cities, towns and villages also have 
peatlands on their doorsteps.

Peat as a resource
For many centuries, Scotland has regarded its peat as a key 
resource. Crofters – people who occupy and work a small 
landholding often as a tenant paying a basic rent (a fairly 
unique social system that operates for the most part in the 
Scottish Highlands and Islands) – have historically relied on 
peat as a source of energy. Extracting it from allocated peat 
banks is a back-breaking chore, although it is typically done for 
personal consumption and therefore on a small-scale. 

Peat in Scotland also continues to be extracted for the single malt 
whiskies that Scotland is famed for. Their distinctive flavour is a 
result of drying the malted barley used for distilling over peat-fires, 
with the “peatiness” determined by the amount of time that the 
barley grain is exposed to the peat smoke. Demand has grown 
for this smoky taste, boosting both production and distribution, 
which has also fueled an increased demand for peat. 

Since the 1960s, the UK horticultural industry has used peat as 
its preferred growing medium. As a result, areas of Scotland have 
been subjected to industrial scale peat extraction. In recent years, 
competition from Ireland and the Baltic States supplying peat for 
this industry has meant that demand from Scotland has decreased, 
however there are still some areas where extraction occurs. 

Focus on Scotland – Bringing about a change

Bringing about change
In addition to extraction, greater damage has been inflicted on 
large swathes of Scottish peatlands through a range of historic 
land management practices including drainage for grazing, 
afforestation, establishment of wind farms and moorland 
burning. Pollution and wildfires have also had a harmful effect, 
leading to the loss of key peat-forming vegetation and the 
onset of peat erosion (Van der Waal et al., 2011). Estimates 
point to 70 percent of Scotland’s blanket bog and 90 percent 
of raised bog being damaged to some degree, contributing 
to climate change, reduced drinking water quality and loss of 
habitat for rare species including the black grouse.

To reverse the trend and return Scotland’s iconic peatland 
landscapes to functioning ecosystems, the Scottish 
Government decided to act. Publishing its National Peatland 
Plan in 2015, the government agency, Scottish Natural 
Heritage (SNH), set out a vision to see peatlands in a healthy 
state with ongoing management to secure and maintain 
the multiple ecosystem services they provide. This has been 
supported by the country’s Climate Change Plan (currently in 
draft form) which sets out how the country intends to meet its 
emission reduction targets from 2017-2032. The plan identifies 
the restoration of 2,500 km2 of peatlands by 2032 (an annual 
restoration target of 200 km2) as one of its measures.

To achieve a step change in peatland management, the Scottish 
Government has established the Peatland Action project with 
a fund of £8 million for Scotland-wide restoration in 2017-
18. This project provides guidance and works with private 
landowners and communities to identify land for restoration 
and to promote the benefits of healthy peatlands for wildlife, 
tourism, fisheries and the water industry.

Several distilleries have also been trying to reduce their peat 
consumption in recent years to lessen their environmental 
impact. This has led to the innovation of new techniques 
to use the smoke more efficiently as well as supporting the 
restoration of peatlands in areas of Scotland working with SNH 
and environmental charities. Meanwhile, in the horticultural 
industry, the UK government has introduced voluntary targets 
to phase out the use of peat in horticulture with the aim of 
ending commercial extraction in the UK, and ending its part 
in shipping the problem elsewhere by importing peat. Finally, 
extraction of peat for fuel has become less common as 
standards of living have increased, although the tradition is 
still continued in some of the northern regions of the country.

By working with local communities and businesses, the Scottish 
Government through Peatland Action has been able to restore 
100 km2 to date (large areas of which is on private land) with a 
number of new projects signed up for the coming year. 
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Source: Scottish Natural Heritage, 2016, Carbon-rich soils, deep peat and 
priority peatland habitat mapping. Consultation analysis report.

Figure 18. Distribution of peatlands and carbon in Scotland.
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A substantial part of the world’s peatlands is located in Peru (CIFOR, 
2014), mainly in the Amazon basin as well as in the Andes. Peruvian 
peatlands have an “extremely important ecological, economic and 
social role” and are found in large wetland ecosystems which can 
also include swamps, lakes, rivers and floodplains (CIFOR, 2014).

The Peruvian Andes are dotted with scattered peatlands called 
“bofedales” that form 3,000 metres above sea level (Maldonado 
Fonkén, 2010). Several types have been identified in at least six 
regions of Peru (CIFOR, 2014). They are relatively small in size 
with an estimated overall area of 5,500 km2 or approximately 0.4 
percent of Peru’s surface area (MINAM, 2012). Peat thickness 
measurements indicate that bofedales can be seven metres thick 
with a high organic carbon content (Maldonado Fonkén, 2014).

Despite heavy use, the vegetation of bofedales has adapted. 
Pristine peatland areas remain, and their biodiversity value 
is high and home to threatened species like the Junin Grebe 
(Podiceps taczanowskii). They also provide a habitat within 
which wild animals find water, shelter, food and nesting sites 
(Maldonado Fonkén, 2010). 

Focus on Peru – The importance of peatlands for people in the Amazon

However, Peruvian peatlands have been degraded through 
intensification of traditional management systems. In recent 
years, several national and international efforts to assess 
peatlands have increased the knowledge about their extent, 
thickness and importance for the livelihoods of Peruvians. 
This, it is hoped, will improve the sustainability of land use 
planning and permitting, as well as peatland management as 
a whole.

Fruit of the peatlands
The Research Institute of Peruvian Amazonia (IIAP) estimates 
that approximately five thousand families depend on the fruit 
of the aguaje and other fruit trees such as the ungurahui, 
huasaí and muru muru which grow in the peatlands of the 
Peruvian Amazon. Aguaje, which has high levels of vitamin 
A and E, is eaten raw or extracted (in the form of oil and 
pulps) and turned into products by the cosmetic, juice and 
nectar industries. The peatlands in this area include aquatic 
ecosystems that contain a large diversity of fish that, in 
addition to ensuring local food security, provide the main 
income to indigenous communities.
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Peruvian wetlands

Source:  Peruvian Ministry of Environment, 2010, Mapa de Humedales. 
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Figure 19. Wetland areas in Peru.
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In pre-hispanic times, most highland peatlands were managed 
by local populations for livestock grazing and water use and 
have since become cultural landscapes. In fact, there is evidence 
that bofedales helped determine the location of human 
settlements when the region was populated 5,000 years ago. It 
is also believed that the local practice of irrigating pasturelands 
could have helped to create some of the bofedales. Local 
populations manage the water systems within bofedales and 
fertilize them as part of their livestock management practices 
(Verzijl & Guerrero, 2013), and fence and rotate grazing lands 
(Maldonado Fonkén, 2014). Andean peatlands are also used to 
grow food for native alpacas and llamas, and for horses, cattle 
and sheep (Maldonado Fonkén, 2010). 

Threats and Solutions
While Peru’s Amazon peatlands are nearly intact, they face a wide 
range of threats. These include “degradation from the large-scale 
clearing of aguaje palm trees for fruit, illegal logging and palm 
oil plantation expansion” (Green Climate Fund, 2016; Gimore, 
Endress and Horn, 2012) as well as drainage for rice paddies, 

mining and infrastructure expansion. Reduced tree cover exposes 
peat and increases evaporation from the soil surface which 
increases greenhouse gas emissions that go undocumented. 

Given their importance to local livelihoods and climate 
change mitigation, there is clear need for action to safeguard 
Peru’s peatlands. Though actions have been taken to protect 
the country’s wetlands, peatlands have yet to receive the 
same level of attention. The Wetland Conservation Strategy 
published in 2105 identifies peatlands only within the Andean 
region but not in the Amazon. The strategy – la Estrategia 
Nacional para la Conservación de Humedales en el Perú 
– led to the creation of a national committee to monitor 
its implementation, as well as the Ramsar Convention 
(Government of Peru, 2013). The National Committee is 
tasked with the overall monitoring of the wetlands in line with 
the Ramsar Convention but does not specifically monitor 
peatlands. Additionally, the National Strategy on Forests 
and Climate Change (published in 2016) does not mention 
peatlands and even promotes wetland drainage. Nor are 
peatlands mentioned in the National Strategy on Climate 
Change (published in 2015).

There are, however, a number of options for sustaining the 
country’s peatlands. Peruvian legislation identifies bofedales as 
fragile ecosystems (Maldonado Fonkén, 2014) and recommends 
conserving or protecting them from mining and infrastructure 
development in ecological and economic zoning regulations. 
In the Amazonas, the IIAP has called for better protection for 
lowland peatlands due to their ability to store large amounts of 
carbon. This could be achieved, for example, by extending the 
boundaries of the Pacay Samiria National Park. 

Another avenue could be the UNFCCC’s Green Climate 
Fund, which is designed to help developing countries meet 
climate change mitigation and adaptation targets and which 
has already funded projects in the country. For example, the 
Peruvian Trust Fund for National Parks and Protected Areas 
received US$ 9 million in 2016 for a five-year project “focused 
on entrusting indigenous communities in the northern 
Peruvian province of Datem del Marañón to manage their 
wetland resources in ways that do not release the large amount 
of greenhouse gases stored in the region’s peatlands.” The 
project places “indigenous communities at the forefront of 
sustainable land-use reforms to cope with a changing climate” 
and is expected to avoid emissions of 2.6 million tonnes of 
CO2 equivalent (Green Climate Fund, 2016).

The trust fund supports indigenous “bio-business” activities 
that include harvesting salted fish, producing smoked meat, 
extracting aguaje pulp from palm trees, and tapping Dragon’s 
Blood trees for their resin which is used in anti-inflammatory 
medicine (Green Climate Fund, 2016).
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Despite the uncertainties of international politics and the 
withdrawal of the United States from the Paris Climate Change 
Agreement, commitments to safeguard the world’s peatlands are 
being made and action is being taken. For example, one piece 
of good news last year was that Indonesia is leading the way 
by committing to restore a significant portion of its peatlands. 
This is expected to reduce its greenhouse gas emissions and cut 
the number of large scale fires that have plagued Indonesia 
in recent years. At the same time, recent discoveries of 
large peatlands in the Congo Basin and Peru, highlight the 
importance of finding, mapping and preserving them.

Despite being found in 180 countries peatlands are not 
foremost in the minds of policy makers. They should be 
though – and they need to be high on the climate change 
agenda because they store massive amounts of carbon. For 
many years, scientists have been waging a lonely struggle, 
pointing to the need to preserve them to prevent billions 
of tonnes of additional greenhouse gases escaping into the 
atmosphere and further driving up emissions. 

But peatlands are important for other reasons in addition to 
their contributions to reducing the effects of climate change. 
They are essential components of complex ecosystems which 
support a wide and often fragile array of plants and animals 
upon which people rely for their economic, social and cultural 
wellbeing.

The simple message in this rapid response assessment is that 
we must protect peatlands wherever they are and learn to use 
them sustainably before they are damaged through our actions 
of bisecting them with roads for oil, gas and mineral exploration 
or forestry, drained and used in other unsustainable ways. 

The following recommendations are meant to raise awareness 
about the critical importance of peatlands. They are priority 
areas that can be dealt with now to preserve peatlands, 
conserve biodiversity and take action on climate change. 
There are two categories of recommendations: immediate 
and longer term. Both are essential.

Recommendation 1: Policy must send a clear message to 
protect and conserve peatlands for the multiple ecosystem 
services that they provide and must link delivery of climate 
change, biodiversity, water, heritage and development objectives.
Specifically, it is recommended that 

•	Policies include strategic planning to protect peatlands 
from damaging activities, and 

•	Coordination and cooperation across government sectors 
must be made a priority to secure ecosystem benefits, 
rather than maximizing the delivery of individual services.

Recommendation 2: Act now to conserve intact peatlands, 
keep carbon in the ground and achieve “quick wins” in the 
areas of protection, sustainable use and restoration by:

•	Safeguarding and preserving natural peatlands from 
degradation. This includes restricting new agricultural, 
exploratory and industrial activities that threaten their 
long-term viability. Countries with peatlands should create 
land use policies that favour conservation and protection 
and keep them wet. Establish protected areas and Ramsar 
sites to preserve valuable natural peatland sites and 
their ecosystem services for the future involving local 
communities and stakeholders.

•	Rewetting and restoring where peatlands are degraded to 
conserve biodiversity, reduce greenhouse gas emissions 
and replenish freshwater resources. Industrialized 
countries should lead in their own areas and give support 
to developing countries to protect and restore peatlands 
through rewetting or through market mechanisms, 
enhancing sustainability criteria of imported goods produced  
on peatlands. 

•	Managing peatlands where economic activities are taking 
place in a sustainable and climate smart, i.e. wet, way. 
Peatland ecosystems can be managed for water and 
climate regulation and ecotourism. Paludiculture is  
also an example of responsible management and can 
provide in sustainable livelihoods and downstream 
production chains. 

•	Following adaptive management practices where rewetting 
is not possible.

•	Addressing social issues, such as local communities’ 
right to use natural resources and their traditional uses. 
Open dialogue, prior consent, fair negotiation and social 
legitimacy from the local to the national level are necessary 
to implement any climate-responsible strategies. Support is 
needed to assist communities to sustainably use peatlands 
and develop alternatives to destructive practices.

In the longer term, 

•	Policies include strategic planning to protect peatlands 
from damaging activities, 

•	“Perverse incentives” that lead to damage should be 
removed immediately, and

•	Coordination and cooperation across government sectors 
needs to be made a priority to secure ecosystem benefits, 
rather than maximizing the delivery of individual services. 

Recommendations
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Recommendation 3: The necessary fiscal arrangements must 
be put in place to support new research and fund conservation 
and management activity, discourage damaging activities and 
ensure the restoration and good management of peatlands into 
the future. These arrangements must assist governments that 
are unable to pay for extensive research, restoration or other 
activities. In these cases, private sector involvement is required. 

Recommendation 4: Channel funding for responsible peatlands 
policy development and management through international 
mechanisms such as the Nationally Determined Contribution 
framework, REDD+ and Nationally Appropriate Mitigation 
Actions (NAMAs) under the UN Framework Convention on 
Climate Change. Accounting for carbon stocks within forested 
peatlands under REDD+ could foster long-term protection.

Recommendation 5: Create an institutional framework built 
around coordinated action to ensure good practices across 
the globe in peatland management. As part of this, ensure 
involvement of local communities in the development and 
implementation of sustainable management plans. 

Recommendation 6: Improved management and protection 
requires that the research and knowledge gaps identified in this 
report be addressed, especially the following requirements:
•	Develop a better understanding of the state and extent of global 

peatlands to inform better peatland management for climate 
change mitigation and provision of ecosystem services,

•	Improve understanding of the contribution of peatlands to 
greenhouse gas fluxes.

•	Increase understanding of the costs and benefits of restoration 
of peatland ecosystem services, and the opportunity costs of a 
‘do-nothing’ or ‘business-as-usual’ approach.

•	Monitor and research appropriate restoration techniques 
suited to different peatland types and locations, with 
knowledge exchange playing an important part.

•	Use consistent methodologies in peatland research to enable 
better evaluation and comparison of published studies.

•	Provide a platform for communities, companies and 
government for exchange of lessons learned on sustainable 
alternatives for rewetted peatlands across the globe. 

Recommendation 7: Governments, industry and other 
stakeholders must invest in raising awareness about the 
importance of peatlands at a global, national and regional 
level if new land use planning policies and management ideas 
are going to be effective and benefit all.

Recommendation 8: Ensure there is open dialogue, fair 
negotiation and social legitimacy from the local to the national 
level to implement any climate-responsible strategies. 
Millions of people rely on peatlands or land that has been 
converted from peatlands for their food and livelihoods. 
Support is needed to assist communities using peatlands to 
manage them sustainably and develop livelihood alternatives 
to halt and cease destructive practices. 
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Acid sulfate soil

Bog

Fen

LULUCF

Mire

Paludification

Paludiculture

Peat

Peatland

REDD+

Terrestrialization

UNFCCC

Soil containing iron sulfide minerals that form naturally in waterlogged conditions. When undisturbed, 
they are benign. But if the soil is drained or exposed to air by lowering the water table, the sulfides react 
with oxygen and become sulfuric acid.

A peatland only fed by precipitation

A peatland that receives water that has been in contact with mineral soil or bedrock

Land Use, Land Use Change and Forestry, a sector under the United Nations Framework Convention on 
Climate Change

A peatland in a state of active peat formation and accumulation

Peat accumulation which starts directly over a formerly dry mineral soil

Cultivation of biomass on wet and re-wetted peatlands in a way that the peat stock is long term preserved

A substance largely consisting of (partly decomposed) remains of plants (vascular plants or mosses)

Land covered by peat

A mechanism under the UNFCCC aimed at reducing emissions from deforestation and forest degradation 
by conservation and sustainable management of forests and enhancement of forest carbon stocks in 
developing countries

The accumulation of sediments and peats in open water

United Nations Framework Convention on Climate Change

Glossary



62

Abel, S., Haberl, A. & Joosten, H. 2011. A decision support system for 
degraded abandoned peatlands illustrated by reference to peatlands of 
the Russian Federation. Michael Succow Foundation for Protection of 
Nature, Greifswald, p.52 (in Russian and English). Available from http://
www.succow-stiftung.de/tl_files/pdfs_downloads/Buecher%20und%20
Broschueren percent20und percent20Broschueren/DSS-Brochure.pdf 
(Accessed 28 September 2017).

Adams C, Rodrigues ST, Calmon M, Kumar C. 2016. Impacts of large-
scale forest restoration on socioeconomic status and local livelihoods: 
what we know and do not know. Biotropica 48:731–744.

Agus F, Hairiah K & A Mulyani 2011. Measuring carbon stock in peat 
soils: practical guidelines. Bogor, Indonesia: World Agroforestry 
Centre (ICRAF) Southeast Asia Regional Program, Indonesian 
Centre for Agricultural Land Resources Research and Development, 
p.60 Available from http://www.worldagroforestry.org/downloads/
Publications/PDFS/MN17335.PDF (Accessed 28 September 2017).

Alfredi, H. 2017. Remarks by Vice District Head Siak for a Field Visit 
during ‘The 2nd Partner Meeting, Global Peatland Initiative’, Siak Sri 
Indrapura, 16 May 2017.

Ancrenaz M, Gumal M, Marshall A., Meijaard E, Wich SA, Husson S. 
2016. Pongo pygmaeus. Available from http://www.iucnredlist.org/
details/17975/0 (accessed May 26, 2017).

Anderson JAR 1983. The tropical peat swamps of western Malesia. In: 
Gore AJP (ed), Ecosystems of the World 4B: Mires, swamp, bog, fen 
and moor. Elsevier, Amsterdam, pp. 181-199.

Asner GP, Martin RE, Knapp DE, Tupayachi R, Anderson CB, Sinca 
F, Vaughn NR & W Llactayo 2017. Airborne laser-guided imaging 
spectroscopy to map forest trait diversity and guide conservation. 
Science: 355: 385-389. 

Assessment Report. Strategic Planning for Peatlands in Mongolia. 
Asian Development Bank Technical Assistance TA-8802. Ede, The 
Netherlands, August, 2017. p.402.

Austin K, Alisjahbana A, Darusman T, Boediono R, Eko Budianto B, 
Purba C, Budi Indrarto G, Pohnan E, Putraditama A, Stolle F. 2014. 
Indonesia’s Forest Moratorium: Impacts and next steps. Working paper. 
Available from http://www.wri.org/sites/default/files/indonesia-forest-
moratorium-next-steps.pdf (accessed June 12, 2017).

Bain, C.G., Bonn, A., Stoneman, R. Chapman, S., Coupar, A., Evans, M., 
Gearey, B., Howat, M., Joosten, H., Keenleyside, C., Labadz, J., Lindsay, 
R., Littlewood, N., Lunt, P., Miller, C.J., Moxey, A., Orr, H., Reed, M., 
Smith, P., Swales, V., Thompson, D.B.A., Thompson, P.S., Van de 
Noort, R., Wilson, J.D. & Worrall, F. 2011 IUCN UK Commission of 
Inquiry on Peatlands. IUCN UK Peatland Programme, Edinburgh. 
Available from http://www.iucn-uk-peatlandprogramme.org/sites/
www.iucn-uk-peatlandprogramme.org/files/IUCN%20UK%20
Commission%20of %20Inquiry%20on%20Peatlands%20Full%20
Report%20spv%20web percent20UK percent20Commission percent 
20of percent20Inquiry percent20on percent20Peatlands percent20 
Full percent20Report percent20spv percent20web_1.pdf (Accessed 28 
September 2017).

Ballhorn U, Jubanski J, & F Siegert 2011. ICESat/GLAS data as a 
measurement tool for peatland topography and peat swamp forest 
biomass in Kalimantan, Indonesia. Remote Sensing 3: 1957- 1982.

Barr, C., Dermawan, A., Purnomo, H. and Komarudin, H. 2010 Financial 
governance and Indonesia’s reforestation fund during the Soeharto 
and post-Soeharto periods, 1989-2009: A political economic analysis 
of lessons learned for REDD+, Center for International Forestry 
Research (CIFOR), Bogor, Indonesia.

Barthelmes A, Ballhorn U & J Couwenberg 2015. Consulting Study 5: 
Practical guidance on locating and delineating peatlands and other 

organic soils in the tropics. The High Carbon Stock Science Study. 
Available from http://www.simedarby.com/sustainability/minimising-
environmental-harm/high-carbon-stock/high-carbon-stock (Accessed 
28 September 2017).

Barthelmes R, Barthelmes A, Dommain R & H Joosten 2016. Location, 
extent and drainage status of peatlands and organic soils in East Africa. 
International Peat Congress, 15-19 August, Sarawak, Malaysia. 

Barthelmes A, Tegetmeyer C & H Joosten 2017. Distribution and degradation 
status of tropical peatland types. Global symposium on soil organic carbon, 
FAO Headquarters, 21-23 March, Rome, Italy. Available from https://
de.slideshare.net/ExternalEvents/distribution-and-degradation-status-of-
tropical-peatland-types (Accessed 28 September 2017).

BBC 2012. Salford Chat Moss peat extraction plans blocked by 
government, BBC News. Available from http://www.bbc.co.uk/news/
uk-england-manchester-20268223 (Accessed August 3, 2017).

Betha R, Pradani M, Lestari P, Joshi UM, Reid JS, Balasubramanian R. 
2012. Chemical speciation of trace metals emitted from Indonesian 
peat fires for health risk assessment. Atmospheric Research 122:571–
578. Elsevier B.V. Available from http://www.sciencedirect.com/
science/article/pii/S0169809512001639?via%3Dihub percent3Dihub 
and http://dx.doi.org/10.1016/j.atmosres.2012.05.024. (Accessed 28 
September 2017).

FAO 2014. Biancalani R. and Avagyan A. (Eds) Towards climate-
responsible peatlands management. Mitigation of Climate Change in 
Agriculture Series (MICCA): 117. Rome p.106 Available from http://
www.fao.org/3/a-i4029e.pdf. (Accessed 28 September 2017).

Blujdea, V., Abad Vinas, R. & Grassi, G. 2012. Current status on reporting 
organic soils in the EU’s GHG inventory under UNFCCC and KP. 
Joint Research Centre, Institute for Environment and Sustainability, 
European Commission, Ispra, Italy. Presentation at the FAO Expert 
meeting - the Role of Peatlands and Organic Soils in Climate Change 
Mitigation, Rome, April 2012.

Boehm H, Siegert F. 2001. Ecological impact of the One Million Hectare 
Rice Project in Central Kalimantan, Indonesia, using Remote Sensing 
and GIS. Paper presented at the 22nd Asian Conference on Remote 
Sensing 5:6. Available from http://www.crisp.nus.edu.sg/~acrs2001/
pdf/126boehm.pdf (Accessed 28 September 2017).

Boersma C. 2015. Land subsidence in peat areas. Dossier. Delta Life. Available 
from https://www.deltares.nl/app/uploads/2015/02/Dossier-Subsidence-
Delta-Life-3.pdf and https://www.deltares.nl/app/uploads/2015/02/
Dossier-Subsidence-Delta-Life-3.pdf  (Accessed 28 September 2017).

Bord na Móna 1985. Fuel Peat in Developing Countries. World Bank 
Technical Paper No. 41. The World Bank.

Bouillenne, R., Moureau, J. & Deuse, P. 1955. Esquisse écologique des faciès 
forestiers et marécageux des bords du lac Tumba. Domaine de I’I. R. S. A. 
C., Mabali, Congo Belge. Académie royale des Sciences Coloniales.

Branigan, K., Edwards, K., & Merrony, C. 2002. Bronze Age fuel: The oldest 
direct evidence for deep peat cutting and stack construction? Antiquity, 
76(293), 849-855. Available from https://www.cambridge.org/core/
journals/antiquity/article/div-classtitlebronze-age-fuel-the-oldest-direct-
evidence-for-deep-peat-cutting-and-stack-constructiondiv/6B30AE3826
2C12B5AA5BB6C5E49D28D6 (Accessed 28 September 2017).

Caldecott J, Miles L, editors. 2005. World Atlas of Great Apes and their 
Conservation. University of California Press, Berkeley, USA.

Centre for International Forestry Research (CIFOR) 2014. “Project seeks to 
unlock the mysteries of Peru’s peatlands”. Forest News. Available from 
https://blog.cifor.org/21687/project-seeks-to-unlock-the-mysteries-of-
perus-peatlands?fnl=en (Accessed 1 August 2017).

Centre for International Forestry Research (CIFOR) 2015. “Clearing the 
smoke: the causes and consequences of Indonesia’s fires.” 30 October 

References



62 63

2015. Available from http://blog.cifor.org/37016/clearing-the-smoke-
the-causes-and-consequences-of-indonesias-fires?fnl=en (Accessed 18 
October 2017).

Charman, D.J., 2002. Peatlands and Environmental Change. J. Wiley. 
Chichester, West Sussex, England.

Charman DJ et al. 2013. Geoscientific Instrumentation Methods and Data 
Systems Climate-related changes in peatland carbon accumulation 
during the last millennium. Biogeosciences 10:929–944. Available from 
http://eprints.whiterose.ac.uk/id/eprint/75926 (Accessed February 22, 
2017).

Chimner RA, Ott CA, Perry CH & RK Kolka 2014. Developing and 
evaluating rapid field methods to estimate peat carbon. Wetlands 34: 
1241-1246.

Chokkalingam, U., Suyanto, Permana, R.P., Kurniawan, I., Mannes, J., 
Darmawan, A., Khususyiah, N., Susanto, R.H., 2007. Community 
fire use, resource change, and livelihood impacts: The downward 
spiral in the wetlands of southern Sumatra. Mitigation and Adaptation 
Strategies for Global Change 12: 75–100. 

Clay, G.D., Shuttleworth, E.L., Rothwell, J.J., 2016. Smouldering peat 
fires in polluted landscapes – evidence for heavy metal mobilisation? 
Geophysical Research Abstracts 18. http://meetingorganizer.
copernicus.org/EGU2016/EGU2016-7139.pdf (Accessed 28 
September 2017).

Dargie GC, Lewis SL, Lawson IT, Mitchard ETA, Page SE, Bocko YE, Ifo SA. 
2017. Age, extent and carbon storage of the central Congo Basin peatland 
complex. Nature 542:86–90. Available from http://www.nature.com/
doifinder/10.1038/nature21048 (Accessed 12 January 2017).

Davies, G.M., Gray, A., Rein, G., Legg, C.J. 2013. Peat consumption and 
carbon loss due to smouldering wildfire in a temperate peatland. 
Forest Ecology and Management, 308: 169–177. 

Dommain R, Barthelmes A, Tanneberger F, Bonn A, Bain C & H Joosten 
2012. 5. Country-wise opportunities. In FAO & Wetlands International. 
Eds: Joosten H, Tapio-Biström M-L & S Tol Peatlands – guidance 
for climate change mitigation by conservation, rehabilitation and 
sustainable use. Mitigation of Climate Change in Agriculture Series 5. 
FAO, Rome, pp. 45-82.

Dommain, R., Dittrich, I., Giesen, W., Joosten, H., Rais, D. S., Silvius, M. & 
Wibisono, I. T. C. (2016). Ecosystem services, degradation and restoration 
of peat swamps in the South East Asian tropics. In: Bonn, A., Allott, T., 
Evans, M., Joosten, H. & Stoneman, R. (eds.): Peatland restoration and 
ecosystem services: Science, policy and practice. Cambridge University 
Press/ British Ecological Society, Cambridge, pp. 253-288.

Draper FC, Roucoux KH, Lawson IT, Mitchard ETA, Coronado ENH, 
Lähteenoja O, Montenegro LT, Sandoval EV, Zaráte R & TR Baker 
(2014). The distribution and amount of carbon in the largest peatland 
complex in Amazonia. Environ. Res. Lett. 9: 124017. Available from 
http://iopscience.iop.org/article/10.1088/1748-9326/9/12/124017 
(Accessed 28 September 2017).

Epple C, García-Rangel S, Jenkins M, Guth M. 2016. Managing 
ecosystems in the context of climate change mitigation: A review of 
current knowledge and recommendations to support ecosystem-based 
mitigation actions that look beyond terrestrial forests. Technical Series 
No. 86. Secretariat of the Convention on Biological Diversity, Montreal. 
Available from https://www.cbd.int/sbstta/sbstta-20/sbstta-20-inf-cc-
mitigation-en.pdf (Accessed 28 September 2017).

Erkens, G., van der Meulen, M.J. & Middelkoop, H. 2016: Double trouble: 
subsidence and CO2 respiration due to 1,000 years of Dutch coastal 
peatlands cultivation. Hydrogeology Journal 24: 551–568.

European Commission 2008. Review of existing information on the 
interrelations between soil and climate change. European Communities, 

2008. Accessible at http://ec.europa.eu/environment/archives/soil/pdf/
climsoil_report_dec_2008.pdf (Accessed 28 September 2017).

European Soil Bureau Network, European Commission 2005. Soil Atlas of 
Europe. Office for official publications of the European Communities, 
Luxemburg, p.128. Available from https://esdac.jrc.ec.europa.eu/
content/soil-atlas-europe (Accessed 28 September 2017).

Evans, M., Allott, T., Holden, J., Flitcroft, C., Bonn, A. (eds) 2005 Understanding 
gully blocking in deep peat. Moors for the Future Report 4. Moors for the 
Future Partnership, Castleton, United Kingdom . Available from https://
www.escholar.manchester.ac.uk/api/datastream?publicationPid=uk-
ac-man-scw:18897&datastreamId=FULL-TEXT.PDF (Accessed 28 
September 2017).

Évrard, C. 1968. Recherches écologiques sur le peuplement forestier 
des sols hydromorphes de la Cuvette centrale congolaise 71, 73, 194 
(INEAC).

Fairhall, James 2011. Irish Bogs and Culture. Environmental Critique #818, 
21 Nov. 2011. Available at https://environmentalcritique.wordpress.
com/2011/11/21/irish-bogs-and-culture (Accessed 28 September 2017).

FAO & Wetlands International 2012 (Eds. Joosten H, Tapio-Biström M-L, 
Tol S.) Peatlands – Guidance for climate change mitigation through 
conservation, rehabilitation and sustainable use. FAO, Rome, Italy. 
Available from http://www.fao.org/docrep/015/an762e/an762e.pdf. 
(Accessed August 3, 2017)

FAO 2014. Towards climate-responsible peatlands management. Riccardo 
Biancalani and Armine Avagyan (Editors). Food and Agriculture 
Organization of the United Nations, Rome. Available from http://
www.fao.org/3/a-i4029e.pdf (Accessed 30 September 2017).

FAO 2015. World reference base for soil resources 2014: International 
soil classification system for naming soils and creating legends for soil 
maps. Update 2015. World Soil Resources Report 106. 203 p.

FAO and ITPS 2015. Status of the World’s Soil Resources (SWSR) – Main 
Report. Food and Agriculture Organization of the United Nations and 
Intergovernmental Technical Panel on Soils, Rome, Italy. Available from 
http://www.fao.org/3/a-i5199e.pdf (Accessed 28 September 2017).

FAO 2017. Unlocking the potential of soil organic carbon. Outcome 
document of the Global symposium on soil organic carbon, 21-23 
March 2017, FAO Headquarters, Rome, Italy. Available from http://
www.fao.org/3/b-i7268e.pdf (Accessed 28 September 2017).

Field, R.D., van der Werf, G.R., Fanin, T., Fetzer, E.J., Fuller, R., Jethva, 
H., Levy, R., Livesey, N.J., Luo, M., Torres, O., Worden, H.M., 2016. 
Indonesian fire activity and smoke pollution in 2015 show persistent 
nonlinear sensitivity to El Niño-induced drought. Proceedings of the 
National Academy of Sciences 113: 9204–9209.

Fornasiero A, Gambolati G, Putti M, Teatini P, Ferraris S, Pitacco A, Rizzetto 
F, Tosi L, Bonardi M, Gatti P. (2002). Subsidence due to peat soil loss 
in the Zennare basin (Italy): Design and set-up of the field experiment. 

Frolking, S., Roulet, N. 2007. Holocene radiative forcing impact of 
northern peatland carbon accumulation and methane emissions. 
Global Change Biology 13, 1079–1088.

Gaveau DLA et al. 2014a. Four decades of forest persistence, clearance 
and logging on Borneo. PLoS ONE 9:1–11.

Gaveau DLA et al. 2014b. Major atmospheric emissions from peat fires 
in Southeast Asia during non-drought years: evidence from the 2013 
Sumatran fires. Scientific Reports 4:6112. Nature Publishing Group. 
Available from http://www.nature.com/articles/srep06112 (Accessed 
March 8, 2017).

Gardi C, Angelini M, Barceló S, Comerma J, Cruz Gaistardo C, Encina 
Rojas A, Jones A, Krasilnikov P, Mendonça Santos Brefin ML, 
Montanarella L, Muñiz Ugarte O, Schad P, Vara Rodríguez MI, Vargas 
R & M Ravina da Silva (eds) 2015. Soil Atlas of Latin America and the 



64

Caribbean. European Commission, Office for official publications 
of the European Communities, Luxembourg, p.176. Available from 
https://esdac.jrc.ec.europa.eu/content/soil-atlas-latin-america 
(Accessed 28 September 2017).

Gilbert, N. 2010. Russia counts environmental cost of wildfires. Nature. 
Available from https://www.researchgate.net/publication/250397705_
Russia_counts_environmental_cost_of_wildfires (Accessed 28 September 
2017).

Gilmore, Michael P., Bryan A Endress, Christa M. Horn 2013. “The socio-
cultural importance of Mauritia flexuosa palm swamps (aguajales) 
and implications for multi-use management in two Maijuna 
communities of the Peruvian Amazon” Journal of Ethnobiology and 
Ethnomedicine. Available from https://ethnobiomed.biomedcentral.
com/articles/10.1186/1746-4269-9-29, https://doi.org/10.1186/1746-
4269-9-29 (Accessed 29 September 2017).

Glauber, A.J. and Gunawan, I. 2016. The Cost of Fire: An Economic 
Analysis of Indonesia’s 2015 Fire Crisis. The World Bank. Available 
from http://pubdocs.worldbank. org/en/643781465442350600/
Indonesia-forest-fire-notes.pdf (Accessed 12 July 2016).

Global Landscape Forum 2016. Peatland Restoration Agency, Republic of 
Indonesia - 2016 Global Landscapes Forum: Marrakesh. Available from 
http://www.landscapes.org/glf-marrakesh/partner/peatland-restoration-
agency-republic-indonesia/ (accessed June 12, 2017).

Government of Peru 2013. “Crean Comité Nacional para preservación 
y manejo de Humedales” Available from http://www.pcm.gob.
pe/2013/01/crean-comite-nacional-para-preservacion-y-manejo-de-
humedales/ (Accessed 1 August 2017).

Government of Scotland 2017. Draft Climate Change Plan. Available 
from http://www.gov.scot/Publications/2017/01/2768 (Accessed 29 
September 2017).

Gravis G.F. et al. 1974. Geocryological conditions of Peoples Republic 
of Mongolia. IIn: Melnikov P.I.(ed.) Joint Soviet-Mongolian research 
geological expedition. Proceedings. V. 10. Moscow: Nauka. p.208. (in 
Russian).

Green Climate Fund 2016. GCF triggers funding for Peruvian project, 
preventing Amazon emissions http://www.greenclimate.fund/-/gcf- 
triggers-funding-for-peruvian-project-preventing-amazon-emissions
?inheritRedirect=true&redirect=percent2Fnewsroom percent2Fnews 
(Accessed 1 August 2017).

Gumbricht T, Roman-Cuesta RM, Verchot L, et al. An expert system model 
for mapping tropical wetlands and peatlands reveals South America 
as the largest contributor. Global Change Biology 2017;23:3581–3599. 
https://doi.org/10.1111/gcb.13689 (Accessed 29 September 2017).

Haikerwal A, Akram M, Del Monaco A, Smith K, Sim MR, Meyer M, Tonkin 
AM, Abramson MJ, Dennekamp M. 2015. Impact of Fine Particulate 
Matter (PM2.5) Exposure During Wildfires on Cardiovascular Health 
Outcomes. Journal of the American Heart Association 4:e001653-. 
Available from http://jaha.ahajournals.org/content/4/7/e001653.short,  
https://doi.org/10.1161/JAHA.114.001653 (Accessed 11 December 2015).

Haensler, A., Saeed, F. & Jacob, D. 2013. Assessing the robustness of 
projected precipitation changes over central Africa on the basis of a 
multitude of global and regional climate projections. Climate Change 
121, 349–363.

Hirose K, Osaki M, Takeda T, Kashimura O, Ohki T, Segah H, Gao Y 
& E Muhammad 2016. Contribution of hyperspectral applications to 
tropical peatland ecosystem monitoring. In: Osaki M & N Tsuji (eds.), 
Tropical peatland ecosystems. Springer, Tokyo, pp. 421-431.

Hodgkins SB, Tfaily MM, McCalley CK, Logan TA, Crill PM, Saleska SR, 
Rich VI, Chanton JP 2013. Changes in peat chemistry associated with 
permafrost thaw increase greenhouse gas production. Proceedings 
of the National Academy of Sciences of the United States, vol. 111 no. 
16. 5819–5824, doi: 10.1073/pnas.1314641111. Available at http://www.
pnas.org/content/111/16/5819.full (Accessed on 18 August 2017).

Holden, J., 2005. Peatland hydrology and carbon release: why small-scale 
process matters. Philosophical Transactions of the Royal Society -Series 
A: Mathematical, Physical and Engineering Sciences 363, 2891–2913.

Hooijer A, Silvius M, Wosten H, Page S. 2006. PEAT-CO2, Assessment 
of CO2 Emissions From Drained Peatland in SE Asia:41. Available 
from https://www.researchgate.net/publication/285726396_PEAT-
CO2_assessment_of_CO2_emissions_from_drained_peatlands_in_
SE_Asia (Accessed 29 September 2017).

Hooijer A, Page S, Canadell JG, Silvius M, Kwadijk J, Wösten H, 
Jauhiainen J. 2010. Current and future CO 2 emissions from drained 
peatlands in Southeast Asia. Biogeosciences 7:1505–1514.

Hooijer A, Page S, Jauhiainen J, Lee WA, Lu XX, Idris A, Anshari G. 
2012. Subsidence and carbon loss in drained tropical peatlands. 
Biogeosciences 9:1053–1071. Available from http://www.biogeosciences.
net/9/1053/2012 and https://doi.org/10.5194/bg-9-1053-2012 (Accessed 
29 September 2017).

Hooijer, A. S. Page, P. Navratil, R. Vernimmen, M. Van der Vat, K. Tansey, 
K. Konecny, F. Siegert, U. Ballhorn and N. Mawdsley. 2014. Carbon 
emissions from drained and degraded peatland in Indonesia and 
emission factors for measurement, reporting and verification (MRV) 
of peatland greenhouse gas emissions ‒ a summary of KFCP research 
results for practitioners. IAFCP, Jakarta, Indonesia. Available at http://
www.forda-mof.org/files/12._Carbon_Emissions_from_Drained_and_
Degraded_Peatland_in_Indonesia.pdf (Accessed 18 October 2017).

Hooijer A, Vernimmen R, Visser M & N Mawdsley 2015. Flooding 
projections from elevation and subsidence models for oil palm 
plantations in the Rajang Delta peatlands. Deltares Report 1207384, 
Sarawak, Malaysia, p.76.

Hooijer, A., Vernimmen, R., Mawdsley, N., Page, S., Mulyadi, D., 
Visser, M., 2015a. Assessment of impacts of plantation drainage on 
the Kampar Peninsula peatland, Riau. Deltares Report 1207384 to 
Wetlands International, CLUA and Norad.

House of Commons, Environment, Food and Rural Affairs Committee 2012. 
Natural Environment White Paper. London: The Stationery Office Limited. 
Available from https://publications.parliament.uk/pa/cm201213/
cmselect/cmenvfru/492/492.pdf (Accessed 29 September 2017).

Inisheva L.I. (ed.) 2005. Concept of protection and rational use of 
peatlands of Russia. Central Peat Research Institute Publ., Tomsk. 99 
p. (In Russian)

IPCC 2014. Climate Change 2014: Mitigation of Climate Change. 
Contribution of Working Group III to the Fifth Assessment Report of 
the Intergovernmental Panel on Climate Change. Edenhofer, O., R. 
Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, 
I. Baum, S. Brunner,P. Eickemeier, B. Kriemann, J. Savolainen, S. 
Schlömer, C. von Stechow, T. Zwickel and J.C. Minx,(eds). Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA.

IPCC 2014, 2013 Supplement to the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories: Wetlands, Hiraishi, T., Krug, T., Tanabe, 
K., Srivastava, N., Baasansuren, J., Fukuda, M. and Troxler, T.G. (eds). 
Published: IPCC, Switzerland

INTERACT – International Network for Terrestrial Research and Monitoring 
in the Arctic (n.d.) Available from http://www.eu-interact.org/outreach2/
glossary/m-r/peat-peatland-peat-bog/ (Accessed 23 September 2017).

IUCN – UK Peatland Programme 2017. Peatland Code. Version 1.1, March 
2017. Available at http://www.iucn-uk-peatlandprogramme.org/sites/
www.iucn-uk-peatlandprogramme.org/files/170331 percent20Peatland 
percent20Code percent20V1.1_FINAL.pdf. (Accessed 22 August 2017). 

Jaenicke J, Rieley JO, Mott C, Kimman P & F Siegert 2008. Determination 
of the amount of carbon stored in Indonesian peatlands. Geoderma 
147: 51-158.

Jaenicke J, Englhart S & F Siegert 2011. Monitoring the effect of restoration 
measures in Indonesian peatlands by radar satellite imagery. Journal of 
Environmental Management 92: 630-638.



64 65

Jakarta Post 2015. 2 Russian jets land in Indonesia to help douse forest 
fires (21 October 2015). Available at http://www.thejakartapost.com/
news/2015/10/21/2-russian-jets-land-indonesia-help-douse-forest-
fires.html. (Accessed 29 September 2017).

Jambaljav Ya et al. 2016. Mongolian permafrost distribution map, 
Mongolia, Ulaanbaatar.

James R, Washington R, Rowell DP. 2013 Implications of global 
warming for the climate of African rainforests. Phil Trans R Soc B 
368: 20120298. Available from http://rstb.royalsocietypublishing.org/
content/royptb/368/1625/20120298.full.pdf http://dx.doi.org/10.1098/
rstb.2012.0298 (Accessed 29 September 2017).

Jones A, Breuning-Madsen H, Brossard M, Dampha, Deckers J, Dewitte 
O, Gallali T, Hallett S, Jones R, Kilasara M, Le Roux P, Michéli E, 
Montanarella L, Spaargaren O, Thiombiano L, Van Ranst E, Yemefack 
M & R Zougmore (eds.) (2013). Soil Atlas of Africa. European 
Commission, Publications Office of the European Union, Luxembourg, 
p.176. Available from https://esdac.jrc.ec.europa.eu/content/soil-map-
soil-atlas-africa (Accessed 29 September 2017).

Joosten H. & D. Clarke 2002. Wise use of mires and peatlands. 
Background and principles including a framework for decision-
making. International Mire Conservation Group and International 
Peat Society, 304 p. Available from http://www.imcg.net/media/
download_gallery/books/wump_wise_use_of_mires_and_peatlands_
book.pdf (Accessed March 14, 2017).

Joosten, H. & Couwenberg, J. 2008. Peatlands and carbon. In: Parish, 
F., Sirin, A., Charman, D., Joosten, H., Minaeva, T. & Silvius, M. 
(eds) (2008). Assessment on peatlands, biodiversity and climate 
change. Global Environment Centre, Kuala Lumpur and Wetlands 
International Wageningen, pp. 99–117. Available from http://www.
imcg.net/media/download_gallery/books/assessment_peatland.pdf. 
(Accessed 29 September 2017).

Joosten H. 2010. The Global Peatland CO2 picture. Peatland status and 
drainage related emissions in all countries of the world. Wetlands 
International. Available from https://unfccc.int/files/kyoto_protocol/
application/pdf/draftpeatlandco2report.pdf (Accessed 29 September 2017).

Joosten, H. 2014. Croplands and paludicultures. pp 41-43: in Biancalani, 
R and Avagyan A. (eds). Towards climate-responsible peatlands 
management. FAO. Rome. p.106. Available from www.fao.org/
docrep/015/an762e/an762e.pdf (Accessed 29 September 2017).

Joosten H. 2015. Peatlands, climate change mitigation and biodiversity 
conservation. An issue brief on the importance of peatlands for carbon and 
biodiversity conservation and the role of drained peatlands as greenhouse 
gas emission hotspots. Nordic Council of Ministers. Available from http://
www.ramsar.org/sites/default/files/documents/library/ny_2._korrektur_
anp_peatland.pdf (Accessed 29 September 2017).

Joosten, H., Couwenberg, J. & Von Unger, M. 2016. International carbon 
policies as a new driver for peatland restoration. In: Bonn, A., Allott, 
T., Evans, M., Joosten, H. & Stoneman, R. (eds.): Peatland rrestoration 
and esecosystem services: Science, ppolicy and ppractice, Cambridge 
University Press/ British Ecological Society, Cambridge, pp. 291-313.

Joosten H., Tanneberger F. & A. Moen (eds.) 2017. Mires and peatlands of 
Europe: Status, distribution and conservation Stuttgart: Schweizerbart 
Science Publishers, 781 p. 

Jung, H. C. et al. 2010. Characterization of complex fluvial systems using 
remote sensing of spatial and temporal water level variations in the 
Amazon, Congo, and Brahmaputra Rivers. Earth Surface Processes 
and Landforms. 35, 294–304. 

Keddy, P. A, Lauchlan H. Fraser, Ayzik i. Solomeshch, Wolfgang J. Junk, 
Daniel R. Campbell, Mary T. K. Arroyo, and Cleber j. R. Alho  2009 
Wet and wonderful: the world’s largest wetlands are conservation 
priorities. Bioscience 59, 39–51.

Krisnawati, H., Imanuddin, R., Adinugroho, W.C. and Hutabarat, S. 
2015. National Inventory of Greenhouse Gas Emissions and Removals 

on Indonesia’s Forests and Peatlands. Research, Development and 
Innovation Agency of the Ministry of Environment and Forestry. 
Bogor, Indonesia. Available from http://www.incas-indonesia.
org/wp-content/uploads/2015/11/1.-INCAS-National-Inventory-of-
Greenhouse-Gas-_web.pdf  (Accessed 29 September 2017).

Kurnianto S, Warren M, Talbot J, Kauffman B, Murdiyarso D, Frolking 
S. 2015. Carbon accumulation of tropical peatlands over millennia: A 
modeling approach. Global Change Biology 21:431–444.

Lähteenoja, O., Ruokolainen, K., Schulman, L. and Alvarez, J., 2009. 
Amazonian floodplains harbour minerotrophic and ombrotrophic 
peatlands. Catena 79(2):140-145.

Lähteenoja O & S Page 2011. High diversity of tropical peatland ecosystem 
types in the Pastaza-Marañón basin, Peruvian Amazonia. Journal of 
Geophysical Research 116, G02025. 

Laidet D 1969. Congo pédologie. Service cartographique de l’ORSTOM, 
Paris, France. Available from http://sphaera.cartographie.ird.fr/carte.
php?num=3350&pays=CONGO&iso=COG (Accessed 29 September 
2017).

Lawson IT, Kelly TJ, Aplin P, Boom A, Dargie G, Draper FCH, Hassan 
PNZBP, Hoyos-Santillan J, Kaduk J, Large D, Murphy W, Page SE, 
Roucoux KH, Sjögersten S, Tansey K, Waldram M, Wedeux BMM 
& J Wheeler 2014. Improving estimates of tropical peatland area, 
carbon storage, and greenhouse gas fluxes. Wetlands Ecology and 
Management 23: 327-346.

Lee, H. et al. 2011. Characterization of terrestrial water dynamics in 
the Congo Basin using GRACE and satellite radar altimetry. Remote 
Sensing Environment 115, 3530–3538.

Li W, Dickinson RE, Fu R, Niu G-Y, Yang Z-L, Canadell JG. 2007. 
Future precipitation changes and their implications for tropical 
peatlands. Geophysical Research Letters 34. Available from 
http://www.globalcarbonproject.org/global/pdf/Wenhong.2007.
FuturePreciptTropicalPeatlands.GRL.pdf (Accessed March 9, 2017).

Liikanen, A., Huttunen, J.T., Karjalainen, S.M., Heikkinen, K., Väisänen, T.S., 
Nykänen, H., Martikainen, P.J., 2006. Temporal and seasonal changes 
in greenhouse gas emissions from a constructed wetland purifying 
peat mining runoff waters. Ecological Engineering 26, 241–251.

Limpens J, Berendse F, Blodau C, Canadell JG, Freeman C, Holden J, Roulet 
N, Rydin H, Schaepman-Strub G. 2008. Peatlands and the carbon cycle 
– a synthesis. Biogeosciences Discuss 5:1379–1419. Available from www.
biogeosciences-discuss.net/5/1379/2008/ (Accessed March 9, 2017).

Lindsay, R. 1993 Peatland conservation – from cinders to Cinderella. 
Biodiversity and Conservation 2 (5): 528-540

Lindsay, R., Birnie, R. & Clough J. 2014 Briefing Note No. 3: Impacts 
of Artificial Drainage on Peatlands. IUCN UK Peatland Programme, 
Edinburgh. Available from www.iucn-uk-peatlandprogramme.org/
resources/iucn-briefing-notes-peatlands (Accessed August 1, 2017).

Lu Y, Zhuang Q, Zhou G, Sirin A, Melillo J, Kicklighter D. 2009. Possible 
decline of the carbon sink in the Mongolian Plateau during the 21st 
century. Environmental Research Letters 4:45023. Available from http://
stacks.iop.org/1748-9326/4/045023 (Accessed 29 September 2017).

Maldonado Fonkén, M.S. 2010. Comportamiento De La Vegetacion 
De Bofedales Influenciados Por Actividades Antropicas (Bofedales 
Vegetation Influenced by Anthropogenic Activities). Magister thesis, 
Pontificia Universidad Católica del Perú, p.119. (in Spanish). 

Maldonado Fonkén, M.S. 2014. “An introduction to the bofedales of the 
Peruvian High Andes”. Mires and Peat, Volume 15 (2014/15), 1–13. 
Available from http://mires-and-peat.net/media/map15/map_15_05.
pdf (Accessed 1 August 2017).

Markov, V. D., Olunin, A. S., Ospennikova, L. A., Skobeeva, E. I. & 
Khoroshev, P. I. (1988). World Peat Resources. Nedra.

Marlier ME, DeFries RS, Kim PS, Gaveau DL a, Koplitz SN, Jacob DJ, 
Mickley LJ, Margono B a, Myers SS. 2015a. Regional air quality impacts 
of future fire emissions in Sumatra and Kalimantan. Environmental 



66

Research Letters 10:54010. IOP Publishing. Available from http://
stacks.iop.org/1748-9326/10/i=5/a=054010?key=crossref.9c7935 
af70b6a53548ba0ae43ff7e273 and http://dx.doi.org/10.1088/1748-
9326/10/8/085005 (Accessed 29 September 2017).

Medrilzam M, Dargusch P, Herbohn J, Smith C. 2014. The socio-
ecological drivers of forest degradation in part of the tropical peatlands 
of Central Kalimantan, Indonesia. Forestry 87:335–345.

Miettinen, J. & Liew S.C. 2010 Degradation and development of peatlands 
in peninsular Malaysia and in the islands of Sumatra and Borneo since 
1990. Land Degradation and Development, 21: 285–296

Miettinen J, Hooijer A, Shi C, Tollenaar D, Vernimmen R, Liew SC, Malins 
C, Page SE. (2012). Extent of industrial plantations on Southeast Asian 
peatlands in 2010 with analysis of historical expansion and future 
projections. GCB Bioenergy 4:908–918. Available from http://doi.wiley.
com/10.1111/j.1757-1707.2012.01172.x (Accessed October 7, 2016).

Miettinen, J, Aljosja Hooijer, Ronald Vernimmen, Soo Chin Liew and 
Susan E Page

2017 From carbon sink to carbon source: extensive peat oxidation in 
insular Southeast Asia since 1990. Environmental Research Letters 12 
(2017) 024014.

Miles L, Raviliousa C, García-Rangela S, de Lamoa X, Dargie G & S. Lewis 
2017. Carbon, biodiversity and land-use in the Central Congo Basin 
Peatlands. UN Environment World Conservation Monitoring Centre 
(UNEP-WCMC), Cambridge, UK, 8 p. 

MINAM 2012 Memoria Descriptiva del Mapa de Cobertura Vegetal del 
Perú (Descriptive Memory of the Vegetation Cover Map of Peru). 
Ministerio del Ambiente (MINAM) (Peruvian Environment Ministry), 
Lima, p.76 (in Spanish). 

Minayeva T, Gunin P, Sirin A, Dugardzhav C, Bazha S. Peatlands 
in Mongolia: the typical and disappearing landscape. Peatlands 
International, 2004; 2:44–47.

Minayeva, T., Sirin, A., Dorofeyuk, N., Smagin, V., Bayasgalan, D., Gunin, 
P., Dugardjav, C., Bazha, S., Tsedendash, G. and Zoyo, D. 2005. 
Mongolian mires: From taiga to desert. Stapfia, 35 2016: 335–352.

Minayeva T.Yu. & A.A. Sirin 2012. Peatland biodiversity and climate 
change. Biology Bulletin Reviews 2: 164-175.

Minayeva, T., Sirin, A. and Dugarjav, C. 2016. Highland peatlands 
of Mongolia. In: Finlayson, C.M., Milton, G.R., Prentice, R.C. and 
Davidson, N.C. (Eds.). The wetland book II: Distribution, description 
and conservation. Springer Netherlands. 1–19. DOI: 10.1007/978-94-
007-6173-5_108-1 (Accessed 29 September 2017).

Ministry of Environment, Green Development and Tourism and 
UN-REDD Programme (2016). Introduction - UN-REDD Mongolia 
National Programme. Available at http://www.reddplus.mn/en/
un-redd-national-programme/introduction/. (Accessed: 6/06/2017).

Montanarella, L., Jones, R.J.A., Hiederer, R. 2006. The distribution of 
peatland in Europe. Mires and Peat 1: Art. 1. Available from http://
mires-and-peat.net/pages/volumes/map01/map0101.php (Accessed 
August 2, 2017).

Moore S., Evans CD, Page SE, Garnett MH, Jones TG, Freeman C, 
Hooijer A, Wiltshire AJ, Limin SH, Gauci V. 2013. Deep instability 
of deforested tropical peatlands revealed by fluvial organic carbon 
fluxes. Nature 493:660-663. Available at http://www.nature.com/
nature/journal/v493/n7434/full/nature11818.html#auth-1 (Accessed 
18 October 2017).

Murdiyarso D, Dewi S, Lawrence D, Seymour F. 2011. Indonesia’s forest 
moratorium. A stepping stone to better forest governance? Working Paper 
76. Bongor, Indonesia. Available from http://www.cifor.org/publications/
pdf_files/WPapers/WP-76Murdiyarso.pdf (Accessed June 12, 2017).

Murray, Donald S. 2013. The Guga Stone: Lies, Legends and Lunacies 
from St Kilda. Luath Press. Edinburgh, Scotland.

Narangerel, Z., Nandin-Erdene, G., de Lamo, X., Simonson, W., Guth, 
M. and Hicks, C. 2017. Using spatial analysis to explore potential 

for mutiple benefits from REDD+ in Mongolia. Joint report of the 
Information and Research Institute of Meteorology, Hydrology and 
Environment (IRIMHE), UNEP-WCMC and Mongolia National 
UN-REDD Programme. Ulaanbaatar. P.66.

Olson DM, Dinerstein E, Wikramanayake ED, Burgess ND, Powell GVN, 
Underwood EC, D’Amico JA, Itoua I, Strand HE, Morrison JC, Loucks 
CJ, Allnutt TF, Ricketts TH, Kura Y, Lamoreux JF, Wettengel WW, 
Hedao P, KR Kassem 2001. Terrestrial ecoregions of the world: a new 
map of life on Earth. Bioscience 51: 933-938.

Osaki M, Tsuji N, editors. 2016. Tropical peatland ecosystems. Springer, 
Tokyo, Japan. 

Oleszczuk, R., Regina, K., Szajdak, L., Höper, H. Maryganova, V. 2008. 
Impacts of agricultural utilization of peat soils on the greenhouse gas 
balance., In: M. Strack, ed. Peatlands and Climate Change, 70–97. 
Saarijärvi, International Peat Society. Jyväskylä, Finland. p.223.

PBL Netherlands Environmental Assessment Agency 2016. Subsiding 
soils, rising costs: English summary and findings. (English Summary 
and Findings of the Dutch report ‘Dalende bodems, stijgende kosten. 
Mogelijke maatregelen tegen veenbodemdaling in het landelijk en 
stedelijk gebied’). The Hague. Available from http://www.pbl.nl/sites/
default/files/cms/publicaties/Subsiding%20soils,%20rising%20
costs percent20soils, percent20rising percent20costs_Findings.pdf 
(Accessed on 26 September 2017). 

Page SE, Rieley JO, Shotyk ØW & D Weiss D 1999. Interdependence of 
peat and vegetation in a tropical peat swamp forest. Philos T R Soc B 
354: 1885-1897.

Page, S.E., Siegert, F., Rieley, J.O., Boehm, H.-D.V., Jaya, A., Limin, S. 
2002. The amount of carbon released from peat and forest fires in 
Indonesia during 1997. Nature, 420: 61–65.

Page SE, Rieley JO, Wüst R 2006. Lowland tropical peatlands of 
Southeast Asia. In: Martini P, Martinez-Cortizas A, Chesworth W 
(eds) Peatlands: evolution and records of environmental and climate 
changes, Developments in earth surface processes series. Elsevier, 
Amsterdam, pp 145–172.

Page S.  Hosciło A,  Wösten H, Jauhiainen J, Silvius M, Rieley J, Ritzema 
H, Tansey K, Graham L, Vasander H, Limin S 2008. Restoration 
ecology of lowland tropical peatlands in Southeast Asia: Current 
knowledge and future research directions. Ecosystems 12:888–905. 
Available from https://link.springer.com/article/10.1007/s10021-008-
9216-2 (Accessed December 17, 2015).

Page, Susan, John O’Neil Rieley, Christopher Banks. Global and regional 
importance of the tropical peatland carbon pool. Global Change 
Biology, Wiley-Blackwell, 2010, 17 (2): 798.

Page, S. E., Rieley, J. O. & Banks, C. J. 2011. Global and regional 
importance of the tropical peatland carbon pool. Glob. Change Biol. 
17: 798–818.

Page S. and Hooijer A. 2014. Environmental impacts and consequences 
of utilizing peatlands: in Biancalani, R and Avagyan A. (eds). Towards 
climate-responsible peatlands management. FAO. Rome. P 106. 
Available at www.fao.org/docrep/015/an762e/an762e.pdf (Accessed 
29 September 2017).

Page S, Hooijer A. 2016. In the line of fire: the peatlands of Southeast Asia. 
Philosophical Transactions of the Royal Society B 371:20150176. Available 
from http://rstb.royalsocietypublishing.org/content/371/1696/20150176, 
DOI: 10.1098/rstb.2015.0176 (Accessed 29 September 2017).

Paramananthan S 2016. Organic soils of Malaysia. MPOC, Selangor 
Darul Ehsan, Malaysia, p. 156

Parish F., Sirin A., Charman D., Joosten H., Minayeva T. & M. Silvius 
(eds.) 2008. Assessment on Peatlands, Biodiversity and Climate 
Change: Main Report. Global Environment Centre, Kuala Lumpur and 
Wetlands International, Wageningen. p. 179 Available at http://www.
imcg.net/media/download_gallery/books/assessment_peatland.pdf 
(Accessed 29 September 2017).



66 67

Pearce F, 2017. Can we find the world’s remaining peatlands in time to 
save them?  Yale Environment 360, April 4 2017. 

Phillips S, Rouse GE & RM Bustin 1997. Vegetation zones and diagnostic 
pollen profiles of a coastal peat swamp, Bocas del Toro, Panama. 
Palaeogeography Palaeoclimatology Palaeoecology 128: 301-338.

Punsalmaa B., Luvsan N., Nyamsurengyn B.  2008 Vulnerability of 
Mongolia’s pastoralists to climate extremes and changes. In.: Neil 
Leary et al (eds.) Climate Change and Vulnerability and Adaptation: 
Two Volume Set. PP 67-87.

Ramsar 2015. Resolution XII.11 Peatlands, climate change and wise 
use: Implications for the Ramsar Convention. 12th Meeting of the 
Conference of the Parties to the Convention on Wetlands (Ramsar, 
Iran, 1971) Punta del Este, Uruguay, 1-9 June 2015.

Rieley JO, & SE Page 2005. Wise Use of Tropical Peatlands: Focus on 
Southeast Asia. ALTERRA, Wageningen, The Netherlands, p.273 

Rieley, J. 2014.Utilization of peatlands and peat. pp.22-26 in Biancalani, 
R. and Avagyan A. (eds) Towards climate-responsible peatlands 
management. FAO. Rome. p.106 Available at www.fao.org/docrep/015/
an762e/an762e.pdf (Accessed 29 September 2017).

Rosenblat, Adam 2016. Please, no more calls to ‘drain the swamp.’ 
It’s an insult to swamps. The Washington Post, 29 December 2016. 
Available from https://www.washingtonpost.com/posteverything/
wp/2016/12/29/please-no-more-calls-to-drain-the-swamp-its-an-insult-
to-swamps/?utm_term=.91e8cf71182f (Accessed 23 September 2017).

Rothwell, J. J., Taylor, K. G., Evans, M. G., & Allott, T. E. H. 2011. 
Contrasting controls on arsenic and lead budgets for a degraded 
peatland catchment in Northern England. Environmental Pollution 
159(10), 3129–3133.

Roucoux K.H. et al. 2017. Threats to intact tropical peatlands and 
opportunities for their conservation. Conservation Biology. Available from 
http://doi.wiley.com/10.1111/cobi.12925 (Accessed March 14, 2017).

Rydin H. & J.K. Jeglum 2013. The biology of peatlands. 2nd ed. Oxford: 
Oxford univ. press, 2013. p.382 

SCBD 2015 Opportunities to address climate change and support 
biodiversity through better management of ecosystems. CBD Briefing 
note. Prepared by UNEP-WCMC on behalf of the Secretariat of the 
Convention on Biological Diversity, Montreal, Canada. 

Schröder, C. 2014. Research and development for biomass use from 
rewetted peatlands- Vorpommern Paludiculture Initiative. p44. in 
Biancalani, R and Avagyan A. (eds). Towards climate-responsible 
peatlands management. FAO. Rome. p.106. Available at www.fao.org/
docrep/015/an762e/an762e.pdf (Accessed 29 September 2017).

Scottish Natural Heritage (n.d.) Scotland’s National Peatland Plan: 
Working for our Future. http://www.snh.gov.uk/docs/A1697542.pdf 
(Accessed 29 September 2017).

Sharkuu, N. 2003 Recent changes in the permafrost of Mongolia. In: 
Permafrost. (eds Phillips, Springman & Arenson). Proceedings of the 
8th International Conference on Permafrost, Zurich, Switzerland, 
21-25 July 2003, Volume 1 (Accessed 29 September 2017).

Singleton I, Wich SA, Nowak M, Usher G. 2016. Pongo abelii. (errata 
version published in 2016). Available from http://www.iucnredlist.
org/details/39780/0 (Accessed May 26, 2017).

Sirin, A., Suvorov, G., Medvedeva, M., Minayeva, T., Joosten, H., 
Kamennova, I., Maslov, A., Vozbrannaya, A., Chistotin, M., Markina, A., 
Makarov, D., Glukhova, T., Couwenberg, J., Silvius, M., Bednar, J., Peters, 
J. & Kamennova, I. 2017 Peatland restoration in Russia for reduction of 
carbon losses and greenhouse gases emissions: the experience of large 
scale rewetting project. Global Symposium on Soil Organic Carbon.

Stoneman R., Bain, C., Locky, D., Mawdsley, N., McLaughlan, M., Kumaran-
Prentice, S., Reed, M. & Swales, V. 2016 Policy drivers for peatland 
conservation. In: Bonn, A., Allott, T., Evans, M., Joosten, H. & Stoneman, 
R. (eds) Peatland Restoration and Ecosystem Services: Science, Policy and 
Practice. Cambridge University Press, Cambridge. Ch.19, pp. 375-401 

Sumarga, E., L. Hein, A. Hooijer, and R. Vernimmen. 2016. Hydrological 
and economic effects of oil palm cultivation in Indonesian peatlands. 
Ecology and Society 21(2):52. http://dx.doi.org/10.5751/ES-08490-
210252 (Accessed 29 September 2017).

SWAMP 2016. Tropical and Subtropical Histosol Distribution, 
doi:10.17528/CIFOR/DATA.00029, Center for International Forestry 
Research (CIFOR) Dataverse, V3.  

Swindles, G.T., Morris, P.J., Mullan, D., Watson, E.J., Turner, T.E., Roland, 
T.P., Amesbury, M.J., Kokfelt, U., Schoning, K., Pratte, S., Gallego-Sala, 
A., Charman, D.J., Sanderson, N., Garneau, M., Carrivick, J.L., Woulds, 
C., Holden, J., Parry, L., Galloway, J.M. 2015. The long-term fate of 
permafrost peatlands under rapid climate warming. Scientific Reports 5, 
17951. Available at https://www.ncbi.nlm.nih.gov/pubmed/26647837, 
doi: 10.1038/srep17951 (Accessed 29 September 2017).

Tanneberger, F., Bellebaum, J., Dylawerski, M., Fartmann, T., Jurzyk-
Nordlöw, S., Koska, I., Tegetmeyer, C. & Wojciechowska, M. 2011. 
Habitats of the globally threatened Aquatic Warbler (Acrocephalus 
paludicola) in Pomerania – site conditions, flora, and vegetation 
characteristics. Plant Diversity and Evolution 129: 253–273. 

Tanneberger F, Tegetmeyer C, Busse S, Barthelmes A, Shumka S, Moles 
Mariné A, Jenderedjian K, Steiner GM, Essl F,  Etzold J, Mendes C, 
Kozulin A, Frankard P, Milanović Đ, Ganeva A, Apostolova I, Alegro A, 
Delipetrou P, Navrátilová J, Risager M, Leivits A, Fosaa AM, Tuominen 
S, Muller F, Bakuradze T, Sommer M, Christanis K, Szurdoki E, 
Oskarsson H, Brink SH, Connolly J, Bragazza L, Martinelli G, Aleksāns 
O, Priede A, Sungaila D, Melovski L, Belous T, Saveljić D, de Vries 
F, Moen A, Dembek W, Mateus J, Hanganu J, Sirin A, Markina A, 
Napreenko M, Lazarević P, Šefferová Stanová V, Skoberne P, Heras  
Pérez P, Pontevedra-Pombal X, Lonnstad J, Küchler M, Wüst-Galley C, 
Kirca S, Tolkachev V, Lindsay R & Joosten H 2017: The peatland map of 
Europe. Mires and Peat 19; 10.19189/MaP.2016.OMB.264

Tata, H.L., van Noordwijk, M., Ruysschaert, D., Mulia, R., Rahayu, S., 
Mulyoutami, E., Widayati, A., Ekadinata, A., Zen, R., Darsoyo, A., 
Oktaviani, R., Dewi, S., 2014. Will funding to Reduce Emissions from 
Deforestation and (forest) Degradation (REDD+) stop conversion of peat 
swamps to oil palm in orangutan habitat in Tripa in Aceh, Indonesia? 
Mitigation and Adaptation Strategies for Global Change 19: 693–713

The Guardian 2015. Indonesia forest fires: how the year’s worst 
environmental disaster unfolded. 1 December 2015. Available from 
https://www.theguardian.com/environment/ng-interactive/2015/
dec/01/indonesia-forest-fires-how-the-years-worst-environmental-
disaster-unfolded-interactive. (Accessed 26 September 2017).

The Guardian 2015b. Indonesia’s forest fires threaten a third of the 
world’s wild orangutans. Available from http://www.theguardian.com/
environment/2015/oct/26/indonesias-forest-fires-threaten-a-third-of-
worlds-wild-orangutans (Accessed 26 September 2017).

The Scotsman 2012. Fuel poverty has prompted a revival of peat-cutting on 
Lewis. Published 27 May 2012. Available from http://www.scotsman.
com/heritage/people-places/fuel-poverty-has-prompted-a-revival-of-
peat-cutting-on-lewis-1-2320354 (Accessed 29 September 2017).

The Wall Street Journal 2015. Indonesia’s Haze 27 October 2015. Available at 
http://blogs.wsj.com/briefly/2015/10/27/indonesias-haze-the-numbers

Today Online 2017. 5 Indonesian provinces declare emergencies over 
forest fires http://www.todayonline.com/world/asia/5-indonesian-
provinces-declare-emergencies-over-forest-fires (8 August 2017).

Tubiello F. N, Biancalani R.  Salvatore M.  Conchedda G. 2016. A Worldwide 
Assessment of Greenhouse Gas Emissions from Drained Organic 
Soils. Sustainability 8, 371. Available from http://www.mdpi.com/2071-
1050/8/4/371, DOI: 10.3390/su8040371 (Accessed 29 September 2017). 

Turetsky MR, Benscoter B, Page S, Rein G, van der Werf GR, Watts 
A. 2014. Global vulnerability of peatlands to fire and carbon loss. 
Nature Geoscience 8:11–14. Nature Research. Available from http:// 
www.nature.com/doifinder/10.1038/ngeo2325 (Accessed March 15, 2017).



68

United Nations General Assembly 2015. Transforming our world: the 
2030 Agenda for Sustainable Development. Resolution adopted by 
the General Assembly on 25 September 2015. Seventieth session, A/
RES/70/1. Available from http://www.un.org/ga/search/view_doc.
asp?symbol=A/RES/70/1&Lang=E  (Accessed 29 September 2017).

USDA, NRCS. 2003 Field Indicators of hydric soils in the United States, 
Version 5.01. G.W. Hurt, P.M. Whited, and R.F. Pringle (eds.).

UNFCCC 2017. Time series, Annex I – GHG Total with LULUCF. http://
di.unfccc.int/time_series (Accessed 2 August 2017).

Urák I, Hartel T, Gallé R, Balog A. 2017. Worldwide peatland degradations 
and the related carbon dioxide emissions: the importance of policy 
regulations. Environmental Science & Policy 69:57–64.

Van der Waal, R., A. Bonn, D. Monteith, M. Reed, K. Blackstock, N. 
Hanley, D. Thompson, M. Evans, I. Alonso, T. Allott, H. Armitage, N. 
Beharry, J. Glass, S. Johnson, J. McMorrow, L. Ross, R. Pakemane, S. 
Perry, D. Tinch. 2011 Mountains, Moorlands and Heaths. Chapter 5 
(UK National Ecosystem Assessment: technical report), pp. 105–160

Verhegghen, A., Mayaux, P., de Wasseige, C. & Defourny, P. 2012. 
Mapping Congo Basin vegetation types from 300 m and 1 km multi-
sensor time series for carbon stocks and forest areas estimation. 
Biogeosciences 9, pp. 5061–5079. 

Voigt, Carolina et al. 2017. Increased nitrous oxide emissions from Arctic 
peatlands after permafrost thaw. Proceedings of the National Academcy 
of Sciences of the United States, vol. 114 no. 24. 6238–6243, doi: 10.1073/
pnas.1702902114. Available at http://www.pnas.org/content/114/24/6238 
(Accessed 18 August 2017).

Vompersky S.E., Sirin A.A., Tsyganova O.P., Valyaeva N.A. & D.A. 
Maykov 2005 – Вомперский С.Э., Сирин А.А., Цыганова О.П., 
Валяева Н.А. & Д.А. Майков (2005) Болота и заболоченные земли 
России: попытка анализа пространственного распределения и 
разнообразия. [Mires and paludified lands of Russia: an attempt to 
analyse the spatial distribution and diversity] Izvestiya RAN, seriya 
geografi cheskaya 5: 21–33. (in Russian)

Vompersky S.E., Sirin A.A., Sal’nikov A.A., Tsyganova O.P. & N.A. Valyaeva, 
N.A. 2011 Estimation of forest cover extent over peatlands and paludified 
shallow-peat lands in Russia. Contemporary Problems of Ecology 4:734- 
741. Available from https://link.springer.com/article/10.1134/S199542551107 
0058 DOI: 10.1134/S1995425511070058 (Accessed 29 September 2017).

Wetlands International 2015. Briefing paper: accelerating action to 
Save Peat for Less Heat! Available at http://wetlands.40fingers.net/
Portals/0/publications/Policy percent20document/Briefing percent20 
Paper_Accelerating percent20Action percent20to percent20Save per 
cent20Peat percent20for percent20Less percent20Heat.pdf (Accessed 
29 September 2017).

Wetlands International n.d. Briefing paper: Flooding of lowland 
peatlands in Southeast Asia. Available from https://www.wetlands.
org/publications/flooding-of-lowland-peatlands-in-southeast-asia/ 
(Accessed 26 September 2017).

Wetlands International, Tropenbos International, 2016. Can Peatland 
Landscapes in Indonesia be Drained Sustainably? An Assessment of 
the ‘Eko-Hidro’ Water Management Approach. Wetlands International 
Report. Available at  https://www.wetlands.org/publications/peatland-
brief-an-assessment-of-the-eko-hidro-water-management-approach/ 
(Accessed 27 September 2017).

Whittle, A., Gallego-Sala, A.V., 2016. Vulnerability of the peatland carbon 
sink to sea-level rise. Scientific Reports 6: 28758. Available from https://
www.researchgate.net/publication/304608634_Vulnerability_of_
the_peatland_carbon_sink_to_sea-level_rise doi:10.1038/srep28758 
(Accessed 29 September 2017).

World Bank, Indonesia Economic Quarterly, December 2015. Available from 
http://www.worldbank.org/en/news/feature/2015/12/15/indonesia- 
economic-quarterly-december-2015

World Bank 2017. Peatland Environment Accelerated Transformation 
Project. Project Information Document (PID). Accessible at http://
documents.worldbank.org/curated/en/380421495161199210/pdf/
SG-PRW-PID-CP-P162960-05-18-2017-1495161187260.pdf (Accessed 
29 September 2017).

World Resources Institute 2015a. With Latest Fires Crisis, Indonesia 
Surpasses Russia as World’s Fourth-Largest Emitter 29 October 2015. 
Accessible at http://www.wri.org/blog/2015/10/latest-fires-crisis-
indonesia-surpasses-russia-world’s-fourth-largest-emitter (Accessed 
29 September 2017).

World Resources Institute 2015b. Indonesia’s Fire Outbreaks Producing 
More Daily Emissions than Entire US Economy 16 October 2015. 
Accessible at http://www.wri.org/blog/2015/10/indonesia percentE2 
percent80 percent99s-fire-outbreaks-producing-more-daily-emissions- 
entire-us-economy (Accessed 29 September 2017).

WWF n.d. Congo Basin. https://www.worldwildlife.org/places/congo-
basin (Accessed 3 July 2017).

Yu, Zicheng, et al. 2010. Global Peatland Dynamics since the Last Glacial 
Maximum. Geophysical Research Letters, vol. 37, no. 13. 

Yustiawati, Kihara Y, Sazawa K, Kuramitz H, Kurasaki M. 2015. Effects 
of peat fires on the characteristics of humic acid extracted from peat 
soil in Central Kalimantan, Indonesia. Environmental Science and 
Pollution Research:2384–2395.

Zimov SA, Schuur EAG, Chapin Iii FS. 2006. Permafrost and the Global 
Carbon Budget. Science 312:1612–1613. Available from http://www.
sciencemag.org/content/312/5780/1612.short (Accessed May 21, 2013).



68 69

SDG

1. End poverty in all its 
forms everywhere

2. End hunger, achieve 
food security and 
improved nutrition and 
promote sustainable 
agriculture

3. Ensure healthy lives 
and promote well-being 
for all at all ages

13. Take urgent action to 
combat climate change 
and its impacts

15. Protect, restore and 
promote sustainable 
use of terrestrial 
ecosystems, sustainably 
manage forests, combat 
desertification, and 
halt and reverse land 
degradation and halt 
biodiversity loss

Impacts of fire and haze

– Loss of environmental services 
impacting the livelihoods of 
communities dependent on them.
– Health shocks from the haze 
impacting household incomes. 
– Slowdown in economic and 
human development further 
aggravating poverty and health.

– Drought, fires and haze prevent 
successful yields and planting of 
crops, hampering food security and 
increasing hunger and malnutrition.
– Decreased agricultural productivity 
resulting in reduced incomes, slower 
economic and human development. 
– Burned areas decrease 
biodiversity and increase risks of 
disease and pests, impacting food 
security. (Jakarta Post, 2015)

– Fires have led to alarming levels 
of air pollution including carbon 
monoxide, ammonia, cyanide, 
formic acids and formaldehyde. 
(CIFOR, 2015)
– Negative health impacts from 
the haze include respiratory tract 
infections, lung disease, and 
cancer. (CIFOR, 2015)

– GHG emissions from peatland 
fires are enormous and of global 
significance. For example, they 
contribute to an estimated 40–45 
percent of Indonesia’s total GHG 
emissions. (Hooijer et al., 2014). 
For 2015, overall emissions are  
1.75 billion t CO2e.11

– Fires destroy ecosystems and 
biodiversity and haze endangers 
wildlife. Over a third of the world’s 
wild orangutans are at risk due to 
food shortages and the poisonous 
haze. (The Guardian, 2015b) 
– The smouldering peat and 
subsequent dried out lands expose 
tree roots, makes the peat and forest 
vegetation unstable
– Subsequent subsidence leads 
to tree falls and causes the loss of 
large forest areas.

Impacts of peat degradation

– Land subsidence and flooding of 
degraded areas decreases agricultural 
land and productivity, reducing income. 
(Hooijer et al., 2012)
– The loss of natural capital of peatlands 
due to fires diminishes incomes of 
communities dependent on peatland 
ecosystems, fresh water, timber and 
non-timber forest products.

– Land subsidence and flooding causes 
loss of agricultural land, leading to 
decreasing agricultural yields, and 
weakened food security.
– Increased pressure on land, scarcity due 
to flooding and degradation, preventing 
the improvement and implementation 
of sustainable agriculture practices 
which further promotes monoculture 
plantations. 

– Degradation of peatlands and their 
biodiversity decreases the quality of the 
environment, increased insecurity, and 
impacts on well-being. 
– Land subsidence and flooding puts the 
lives of those living in coastal lowlands at 
risks. (Hooijer et al., 2012)

– Oxidation of peat leads to the 
continuous release of GHG. Drained 
peatlands are currently responsible for 
5% of the global anthropogenic GHG 
emissions (Joosten, 2015).
– Degraded peatlands are susceptible 
to erosion and loss of organic matter 
increases carbon losses (Moore et al., 
2013)  contributing to climate change. 

– Clearing and drainage of peatlands 
alter the characteristic hydrological 
functions of peatlands and reduce their 
ability to provide ecosystem functions. 
(Dommain et al. 2016)
– Current land use on peatlands (oil 
palm and acacia) requires substantial 
drainage, leading to further degradation. 
(Hooijer et al. 2012)
– Loss of biodiversity of peatland 
ecosystems and threating the habitat of 
unique and endangered wildlife.

Impacts of peatland restoration

– Improved peatland ecosystems and 
sustainable agricultural yields ensure 
sustainable livelihoods, additional 
income, and food security, increasing 
resilience to economic, social and 
environmental disasters from fires, 
floods, and climate shocks.

– Improved ecosystem function, water 
regulation and agricultural practices 
increase yields and ensure resilient 
and sustainable food production, 
decreasing hunger and malnutrition.
– Organic peatland soils can be used 
productively and sustainably by 
developing paludi culture. (FAO & 
Wetlands International, 2012)

– Reduced risks of environmental and 
social hazards lead to improved well-
being, a cleaner environment, water 
availability, smaller risks of diseases 
and improved livelihood options. 

– Significant reduction of GHG 
emission from fire and soil. 
– Intact peatlands are an important 
carbon store, holding over 550Gt of 
carbon worldwide. (Jaenicke et al., 
2008)

– Ensures the conservation and 
restoration of biodiversity, and limits 
the extinction of wildlife.  
– Increased environmental resilience 
reducing the impacts of environmental 
disasters and climate change.
– Maintaining and managing the 
water table on peatlands which will 
significantly reduce fire incidence, 
accumulate natural capital and 
increase resilience of communities 
dependent on peatland ecosystems. 
(Hooijer et al., 2012; Moore et al., 
2013; Hooijer et al., 2014)

Appendix
Impacts of fire and haze, peat degradation, and ecosystem restoration on selected SDGs

11. See: www.globalfiredata.org/updates.html
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