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Introduction
The global extent of tropical peatlands1 and 
peat swamp forests is relatively small, yet these 
ecosystems play an important role in the global 
carbon (C) cycle by storing disproportionately high 
quantities of C in the form of rich peat deposits. 
Peatlands occur throughout the tropics covering 
between 33.4 and 57.8 Mha (Warren et al., 2017). 
Peatlands also provide numerous ecosystem 
services ranging from regulating (climate, flood 
and pollution abatement), provisioning (food, fiber, 
water, genetic resources), supporting (biodiversity, 
primary production, nutrient cycling) and 
sociocultural (cultural and social use, recreation, 
education, research) services.

1  A peatland is an area (with or without vegetation) with a 
naturally accumulated peat layer at the surface. (University of 
Leicester- https://www2.le.ac.uk/departments/geography/
research/projects/tropical-peatland/what-are-peatlands)

Although peat accumulation rates are small 
(~0.2–2.0 mm/year), the peat deposits can grow to 
be several meters thick over millennia. Peat layers 
are composed of organic matter which has been 
stabilized by water-logged, anoxic conditions. The 
resulting peat can have C storage >1000 MgC/ha with 
values exceeding 7500 MgC/ha for exceptionally thick 
(>12 m) peat layers. These ecosystems therefore hold 
the largest C stocks per unit area of any terrestrial 
ecosystem on earth. High rates of degradation 
caused by drainage and removal of vegetation 
have transformed many from sinks to the sources of 
greenhouse gases (GHGs). Peatland degradation also 
compromises their ability to provide ecological goods 
and services. Recognizing these important attributes – 
provision of ecosystem services and exceptional 
ability to slowly sequester and store C – countries 
are taking action to prevent degradation and setting 
goals to restore degraded peatlands.
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Indonesian peatlands, including peat swamp 
forests, cover an area of 21 Mha, representing ~ 
36% of the world’s tropical peatlands. Despite their 
importance, Indonesian peatlands have experienced 
deforestation and drainage since the 1980s, mainly 
for forestry and agriculture purposes. GHG emissions 
due to peatland degradation and fires make up to 
~38% of total national emissions and place Indonesia 
among the top five GHG-emitting countries. 
Indonesia’s climate change mitigation efforts 
are aimed at preventing GHG emissions through 
peatland conservation and restoration. More than 
2 Mha of degraded peatlands in Indonesia have been 
identified for restoration to meet reduction targets as 
laid out in the Nationally Determined Contribution 
(NDC) to the Paris Agreement under the United 
Nations Framework Convention of Climate Change 
(UNFCCC).

Peatland restoration
Restoration of peatlands entails deliberate actions 
that initiate or accelerate the recovery of a degraded 
peatland to its former better state. Peatland 
restoration involves measures designed to change 
ecosystems that have been impoverished, damaged 

or destroyed due to human activity, and revert them 
to a state similar to or as near to their natural state as 
possible, as well as initiate the re-establishment of some 
of their ecological processes and functions (Dinesen 
and Hahn 2019). Peatland restoration in Indonesia is 
coordinated by several governmental agencies. Until 
2020, the Peatland Restoration Agency [Badan Restorasi 
Gambut (BRG)] coordinated restoration in seven 
provinces: Riau, Jambi, South Sumatra, West Kalimantan, 
Central Kalimantan, South Kalimantan and Papua. The 
overall responsibility for regulating peatland restoration 
lies within the Ministry of Environment and Forestry.

The planning of restoration actions in Indonesia often 
includes mapping peatlands’ extent, depth, hydrology, 
land status (land tenure, protected areas), biodiversity, 
habitat condition and status of management and 
vegetation cover, including degree of degradation 
(drainage canals, fire scars, historical fire incidence) and 
defining other important characteristics needed for 
restoration actions (e.g. slope). In the areas coordinated 
by BRG, peatland restoration is guided by a series of 
steps (Figure 1). These actions are underpinned by 
strategies that target future sustainable land use and 
management, social justice, livelihoods, governance 
and conflict resolution.

Figure 1. Peatland restoration is guided by a series of steps undertaken by Indonesian Peat Restoration Agency (BRG) 
for achieving restoration targets.
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Restoration activities in Indonesia include rewetting 
of drained peatlands (by disabling the drainage 
system through back-filling and blocking canals), 
revegetation of landscape and revitalization of 
communities; for example, by supporting sustainable 
livelihood development and avoiding land clearing 
by fire. The aim is to restore and maintain lost 
functions and services. BRG’s restoration is guided by 
a holistic effort achieve successful peat restoration. 

As in any ecosystem restoration, peatland restoration 
needs to be underpinned by monitoring efforts 
that allow an adaptive approach to peatland 
restoration. Peatland restoration monitoring 
(Figure 2) can inform the design, strategy, selection 
of site and management approaches, and improve 
restoration efforts through adjustments (FAO, 
2020). Furthermore, robust peatland monitoring 
following sound science-based practices, enhances 
transparency and accountability under the UNFCCC 
to fulfil reporting requirements and to access 
additional sources of funding. Peatland monitoring 
tools, approaches and experience is making huge 
leaps, although several major data gaps remain. 
Broadly, several areas of research and information 
gathering need to be addressed to succeed in the 

goals of peatland restoration. Peatlands are formed 
and maintained by three factors: the high-water table, 
the vegetation and the peat body, itself. In addition, 
peatlands are affected by the whole landscape around 
them, in particular the stakeholders managing natural 
resources play an important role. All these factors need 
to be well understood to succeed in restoration efforts 
which require time and concerted effort. Monitoring 
biophysical parameters to understand peatlands’ 
hydrological aspects is particularly challenging. In 
terms of socioeconomics, research on the feasibility of a 
peat-friendly economy, and opportunities for payment 
for ecosystem services (PES) derived from peatlands 
is especially urgent. Multistakeholder participatory 
development research is needed to address gaps 
in social and governance aspects pertaining to 
peatland use and restoration. These efforts will support 
Indonesia’s peatland restoration efforts, and ensure 
they are measurable and scientifically justified.

The availability of tested protocols that can assess the 
fate of restored ecosystems is useful for practitioners 
to determine successes and failures of peatland 
restoration objectively. Specifically, having indicators 
that are simple, easy to recognize, measurable and can 
be monitored over time are very helpful.

Figure 2. Key parameters to be monitored throughout implementation to achieve holistic peatland restoration 
(FAO 2020)
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A scientifically robust, reliable and practical set of 
criteria and indicators (C & I) can help to assess 
progress and outcomes of restoration efforts. The C 
& I approach can be utilized to evaluate advances 
and success of restoration, and whether restoration 
is heading in the right direction. Several ecological, 
hydrological, socioeconomic and institutional 
criteria need to be established and tested to 
provide quantifiable indicators. Social factors, 
including institutions, social networks, equality, 
trust and justice are essential to determining the 
level of participation in society. Economic indicators 
could help monitor peat-friendly avenues for 
existing incentives, as well as economic activity, 
such as the development of wet livelihood options 
in the peatland landscapes. These can include 
paludiculture cash crops and other commodities 
(e.g. fish, non-timber forest products) that can 
thrive in rewetted, wet and undrained peatland 
areas. Appropriate policies at local, provincial and 
national level for successful implementation need 
to be explored to provide governance indicators. 
The selected C & I should have a balanced 
approach covering all four aspects – biophysical, 
social, economic and governance – such that 
restoration targets can be adequately quantified, 
and success can be measured.

Monitoring should include ecological process 
indicators that reflect key ecosystem attributes on 
which restoration success depends. In the case of 
peatlands, these attributes are soil and site stability, 
hydrological functions and biotic integrity (Herrick 
et al. 2006). Since degraded ecosystems usually 
recover slowly, comprehensive, and continuous 
monitoring is often needed. Predicting future 
restoration outcomes from early monitoring could 
identify the need for additional inputs to rectify 
undesired successional trajectories. This could 
reduce costs and increase restoration efficiency.

C & I approaches have been utilized by various 
agencies and international organizations to 
monitor progress towards pre-defined goals. 
The workshop organizers will link the sessions 
with recent developments of the UN Decade on 
Ecosystem Restoration 2021–2030, the peatland 
restoration guidance being prepared by the Ramsar 

Convention, as well as other processes where 
sustainability indicators for peatland restoration 
have been developed. For example, progress on 
the UN Sustainable Development Goals and targets 
is assessed using a global indicator framework 
which includes 231 unique indicators. In the 
context of assessing success towards sustainable 
forest management, C & I approaches have been 
designed by the Centre for International Forestry 
Research (CIFOR) and International Tropical Timber 
Organization (ITTO). For the Millennium Ecosystem 
Assessment, both biophysical and socioeconomic 
indicators are used to collect data that provides a 
basis for assessment and decision-making. A set of 
C & I based on relevance (Indonesian context), ease 
of application, responsiveness, representativeness, 
consistency and sensitivity is extremely useful in 
the context of peatland restoration.

Goals and objectives
CIFOR, in collaboration with Indonesian Ministry of 
Environment and Forestry, BRG and other partners, 
such as the Food and Agriculture Organization 
of the United Nations (FAO), UN Environment 
Programme World Conservation Monitoring Centre 
(UNEP-WCMC), International Tropical Peatlands 
Center (ITPC) and Global Peatlands Initiative 
(GPI), aims to facilitate the learning process and 
share knowledge on this topic through planned 
workshops. This series of online workshops is 
designed to bring together and to further develop 
the capacity of key technical and policy personnel 
from various Indonesian government agencies 
and departments with mandates to protect and 
restore peatlands while ensuring the well-being of 
dependent communities.

These online workshops will facilitate consultation 
with stakeholders to identify an initial set of C & 
I with necessary attributes to assess restoration 
success, while being contextually relevant to areas 
where applied. The initial meeting (Webinar 1) 
aims to identify a suitable methodology and key 
contributors for identifying appropriate criteria and 
associated indicators based on characteristics such 
as - relevance, ease of application, responsiveness, 
representativeness, consistency and sensitivity. 
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The subsequent consultative workshops 
(Webinars 2, 3 and 4) will aim at:

 • Conceptualization, design and implementation 
of frameworks to finalize restoration C & I.

 • Clarification of the importance of key indicators.
 • Determination of the roles and responsibilities 

of all participating agencies and experts in 
identifying, testing and finalizing restoration C & I.

 • Identification of potential sources of financing 
to secure monitoring activities over time and 
determination of institutions involved in the 
overall national monitoring system for peatland 
restoration.

In addition to these consultative workshops, a writing 
workshop is planned to produce and disseminate 
a set of C & I. To conclude, a final webinar will be 
organized for a wider audience, including ITPC 
member countries to disseminate the results.
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