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Foreword
The world’s leading peatland experts have come to a collective conclusion – comprehensive peatland mapping and 
monitoring are urgently needed. Peatlands have a great potential to influence global greenhouse gas emissions, 
and in this decade we need to take urgent and innovative actions to limit global warming to a maximum of 2 °C. 
In most cases worldwide, peatlands have been drained and degraded due to the lack of knowledge about their 
location, extent, benefits and potential for climate change mitigation and risk reduction. Current estimates suggest 
11–15 percent of peatlands on Earth have been drained, and another 5–10 percent are degraded due to other changes 
such as removal or alteration of vegetation. These degrading peatlands consequently emit huge amounts of 
greenhouse gases that persist for years if not decades.

The scientific basis for mapping and monitoring peatlands has developed rapidly in recent years. Countries must 
take advantage of and consider adopting practical and innovative approaches and tools for peatland mapping and 
monitoring into national monitoring and reporting frameworks. Mapping and monitoring can be used to inform 
climate and biodiversity policies and commitments, as well as to continuously adapt peatland restoration efforts.

Peatland mapping and monitoring are both highly complex endeavours, but are key to understanding the real extent 
and location of these huge carbon stores and guide the course of action for ecosystem conservation and restoration 
during this decade and beyond. It is part of FAO’s mandate to support developing countries with advancing the 
sustainable management of peatland landscapes, and develop national capacity for peatland mapping and 
monitoring, as well as to foster knowledge sharing and data generation. FAO’s peatland network consists of dozens 
of experts and organizations with the shared mandate to jointly find solutions to conserve the carbon in the soil 
while fostering sustainable livelihoods and development. We recognize the important advances already made in the 
subject in temperate and boreal regions and stress the need for continuing monitoring of peatland status in tropical 
as well as in temperate and boreal regions.

“Peatlands mapping and monitoring: Recommendations and technical overview” is the result of 35 contributors from 
14 countries and different organizations working together to provide examples, tools, methodologies and solutions 
to peatland mapping and monitoring challenges, especially in developing countries. These recommendations are an 
important step forward in guiding the world on the best ways to integrate peatlands into land monitoring systems 
to further facilitate the conservation and restoration of these unique ecosystems. I encourage you to take full 
advantage of the information included in this publication.

Mette Wilkie

Director
Forestry Policy and Resources Division,
Food and Agriculture Organization of the United Nations

© FAO
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Mapping peatlands is the basis for successful monitoring systems. Worldwide, innovative mapping approaches 
have facilitated the inclusion of peatland areas into sustainable land use management plans and conservation 
strategies. Monitoring changes in peatland ecosystems, be they natural, degraded, or in the process of restoration, is 
instrumental in maintaining peatland’s water, species richness and carbon. Robust mapping processes offer a solid 
baseline for monitoring and help establish management objectives for specific peatland areas. 

This report presents the peatland mapping methodologies commonly used – based on ground and remotely 
sensed input data. It also offers an overview of advantages and limitations of different monitoring approaches as 
a practical guide to facilitate decision-making and cater for country-specific requirements, in order to ensure that 
emissions and emission reductions are measurable, reportable and verifiable. It also provides information on other 
benefits from peatland conservation, restoration, rehabilitation and sustainable management. Country case studies 
present examples of current needs and recent achievements, in both mapping and monitoring. Suggestions for an 
architecture of peatland monitoring and how it could be organized within a country’s institutions are also provided. 

Global conventions and national policy frameworks recognize the importance of peatlands for protecting habitats 
and biodiversity, as large and vulnerable carbon stocks, and (when degraded) as globally important sources of 
greenhouse gas emissions. Countries should consider mapping, monitoring and reporting peatlands for national 
and international processes including general land use planning, nationally determined contributions to the Paris 
Climate Agreement, national adaptation plans, nationally appropriate mitigation actions, as well as fire risk reduction 
and other disaster risk reduction strategies. The national policy frameworks contribute to the achievement of 
international commitments, as well as helping to ensure better conditions for communities.

Countries, practitioners, researchers and technical agencies can use this report to identify mapping and monitoring 
needs, and define suitable approaches and tools to ultimately reflect peatlands into national land use monitoring 
systems, such as national forest monitoring systems. Soil carbon and emissions from soils have long been 
underestimated, and existing systems may also need to be adapted to fully integrate peatland considerations. 

Executive summary 

Keywords: greenhouse gas; peatlands; organic soils; monitoring; 
reporting; climate change; wetland; IPCC; remote sensing; 
Earth observation; data; water; plant; peat; UNFCCC; emission reduction
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Peatland mapping
and monitoring at a glance

Peatland mapping and monitoring require collection and measurement of different data types depending 
on the status of the peatland area. In pristine peatlands (Figure 1) information on natural characteristics is 
needed to monitor future changes, including potential climate change impacts that may lead to increased 
emissions and disaster risks. 

If drainage is undertaken (Figure 2), peatlands generally become sources of greenhouse gas emissions, and 
additional parameters must be monitored to support corrective action and avoid continued degradation, 
and to contribute information to report for various conventions. Peatland restoration monitoring (Figure 3) 
can inform the design, strategy, selection of site and management approaches, and improve restoration 
efforts through technical adjustments.

' FAO / Maria Nuutinen
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Abbreviations and acronyms

Chemical formulae and units

AFOLU agriculture, forestry and other land use 

AGB aboveground biomass

ASEAN Association of Southeast Asian Nations

BRG Badan Restorasi Gambut
(Peatland Restoration Agency of Indonesia)

C Carbon

CBD Convention on Biological Diversity

CIFOR Centre for International Forestry Research 

DOC dissolved organic carbon

DRR disaster risk reduction

EbA ecosystem-based adaptation

ENSO El Niño–Southern Oscillation 

FLR forest and landscape restoration

GFMC Global Fire Monitoring Centre

GHG greenhouse gas

GPI Global Peatlands Initiative 

GWFN Global Wildlife Fire Network

GWL ground water level

InSAR interferometric synthetic aperture radar 

IPCC Intergovernmental Panel on Climate Change

IUCN International Union for
Conservation of Nature 

LAPAN Lembaga Penerbangan Dan Antariksa
Nasional (National Institute of Aeronautics
and Space of Indonesia)

CH4
Methane

CO2
Carbon dioxide

CO2eq Carbon dioxide equivalent

LDN Land degradation neutrality
is a target defined under the UNCCD

LIDAR Laser Imaging Detection and Ranging 

MEAs multilateral environmental agreements

MINAM Ministerio del Ambiente
(Peruvian Ministry of Environment)

MoEF Indonesian Ministry of
Environment and Forestry 

MRV measurement, reporting and verification

NAMA Nationally Appropriate Mitigation Action

NAP National Adaptation Plan

NDC Nationally Determined Contribution to the
Paris Climate Agreement under the UNFCCC

PRIMS Indonesian Peatland Restoration
Information and Monitoring System

RFMRC Regional Fire Management
Resource Centre (Indonesia)

RSPO Roundtable on Sustainable Palm Oil

SDGs Sustainable Development Goals

SEPAL System for Earth Observation
Data Access, Processing and
Analysis for Land Monitoring

SFDRR Sendai Framework for Disaster Risk
Reduction 2015–2030

UNFCCC United Nations Framework
Convention on Climate Change

UNCCD United Nations Convention
to Combat Desertification

VHR very high resolution

Gt gigatonne 

N2O Nitrous oxide

Pg petagram
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Peatland mapping and monitoring — Recommendations and technical overview

Biodiversity assessments

Based on an iterative process, peatlands are delineated by an expert 
incorporating all the above-mentioned input data. More details on 
delineation methodologies have been developed by Barthelmes, 
Ballhorn and Couwenberg (2015), Gumbricht et al. (2017), and 
Bourgeau-Chavez et al. (2018) for tropical and boreal peatlands. 
Other methodologies are also widely available. Personnel mapping the 
peatlands will need to take the actions described below through field 
surveys, at least in the main types of peatlands. 

PHASE 3: INTERVENTION
AND RESTORATION MAPPING

It is important to map the peatland status, particularly if it has been 
drained and/or burnt and if different management or other activities 
are ongoing, and to divide it into different sections according to the 
type of management. To determine GHG emissions and carbon losses, 
it is also important to understand hydrological connectivity, i.e. if the 
effect of drainage extends beyond the area where the GWL has been 
directly lowered (see Figure 1 and Figure 2). 

For reporting on socio-economic issues, as well as improving the 
sustainability of peatland management, it is important to understand 
the various ways that people use the peatlands – low-intensity 
activities such as hunting or gathering non-timber forest products, 
or activities involving fire or land clearing. It may be useful to 
disaggregate the collected data by gender and by stakeholder 
groups to allow a targeted approach, for example for development 
collaboration. Using geographic information systems it is possible 
to integrate socio-economic and other data in the peatland maps. 
National forest inventories (NFIs) are one possible source for land use 
and socio-economic data acquired through household surveys.

While accessing the peatlands, it is important to note at least the key 
plant species that are forming the peat, i.e. the dominant species 
in the vegetation, such as Sphagnum mosses, grasses, sedges or 

Peatland restoration and rehabilitationBox 4

The terms peatland restoration and rehabilitation are frequently used and are often con�ated. �Rehabilitation� refers to 
revegetation and is used for activities with the goal of repairing ecosystem processes, without necessarily reverting to the 
previous state (Society for Ecological Restoration International Science & Policy Working Group, 2004). Note however that 
without the raised water table, the wetland plants and trees would not be able to return. �Restoration� is mainly used to refer to 
hydrological restoration, such as canal blocking and associated measures, which would allow the peatland species to return. 
Peat restoration is best used as a single class to de�ne areas where hydrological restoration is required (see Figure 9).

Peatland status and socio-economic factors

PHASE 2: PEATLAND MAPPING trees. For livelihood development, note any natural peatland species 
that could allow for non-invasive, non-drainage-based livelihood 
options, if needed. An example of biodiversity assessment for 
monitoring the United Kingdom’s peatlands has been 
developed by Natural England (2011). 

Through a combined assessment of the above input data 
(Phase 1: collection and processing of input data) and the results 
from the peatland mapping (Phase 2: peatland mapping), the areas 
requiring intervention, such as restoration, are mapped. There will 
be areas where it is best to only undertake hydrological restoration 
and allow natural vegetation to return naturally through (assisted) 
natural regeneration (FAO, 2018, 2019a) or ecological succession, 
and other areas where both hydrological restoration and planting of 
native vegetation (rehabilitation) are required (see Figure 9). Planting 
might be necessary, for example, when peatland fires have destroyed 
the seed bank, and there are no peatland species growing in the area 
allowing for natural expansion. Consequently, both rewetting and 
revegetation should always be planned together, with revegetation 
achieved either through natural regeneration or, depending 
on local environmental and socio-economic circumstances, 
through planting of trees. Increasing tree density by replanting 
peatland species can help reduce the loss of humidity through 
evapotranspiration (Limpens et al., 2014).

Revegetation with native peatland tree species is especially 
applicable to tropical peatlands (see for more: Box 4 and Figure 9). 
On the other hand, in most temperate and boreal non-forested 
peatlands, which are dominated by mosses, the removal of tree 
plantations is, in fact, a restoration challenge on drained sites in the 
process of restoring native Sphagnum bogs (The Flow Country, 2019). 
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by Ronald Vernimmen, Aljosja Hooijer, 
Hans Joosten, Uwe Ballhorn, Maria Nuutinen 
and Hesti Tata

Peatland monitoring is referred to here as the regular and systematic 
observation of specific variables and their changes over time, within 
a known peatland area. Monitoring is often used to inform and 
understand how peatland function and condition is evolving and to 
assess the effectiveness of water management strategies, restoration 
interventions, and the risk of fires. To achieve results, a true landscape 
approach is important:

“By adopting a landscape approach, we 
learn how to look at landscapes from a 
multi-functional perspective, combining natural 
resources management with environmental 
and livelihood considerations. People and their 
institutions are therefore perceived as an integral 
part of the system rather than as external agents 
operating within a landscape” 

(Global Partnership on Forest and Landscape Restoration, 2018)

The landscape approach in the case of peatlands means, in particular, 
considering water flow and changes, people’s livelihoods, and different 
sectors’ impact and activities, sometimes located far from the 
peatlands but having an impact on them. Other factors to consider are, 
for example, the buffer zones around peatlands and practices using 
fire within the landscape. 

Peatland monitoring is distinct from peatland mapping, which serves 
to determine the extent of the peat (see Chapter 2). The purpose 
of a peatland monitoring system defines the parameters and the 
relevant data sources and thus the monitoring approaches and tools. 
Common purposes set by governments are monitoring and reporting 

on peat-related GHG emissions under the GHG inventories and the 
MRV framework to the Climate Convention, as well as monitoring 
restoration efforts, and to observe and to be able to make appropriate 
decisions to control and prevent further deterioration of peatlands. 

Chapter 5 covers further frameworks to showcase different monitoring 
needs, and points out how monitoring could be harmonized to serve 
multiple reporting requirements. 

MONITORING PARAMETERS

Monitoring needs differ depending on the peat condition and the 
required interventions, defined for example in the mapping phase 
(see Chapter 2). Examples of tools to measure these parameters 
are described in Chapter 4. The parameters in Table 2 should be 
measured to monitor the changing conditions of peatlands and 
estimate GHG emissions.

' FAO / Adam Gerrand






























































































































